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PN RX Model-Based Newton Raphson Load Flow for
D Y % Distribution Power System Considering Wind Farm wih
3 3 % Asynchronous Generatos

}"’n% Trong Tuan Phan and Van Liem Nguyen
el

Abstract— This paper presents a power flow (PF) analysis webthf distribution power system including a winda
(WF) with asynchronous generators (AGs) represebiedRX bus model using Newton Raphson algorithrth RIK
bus model, AG is supposed as a RX load with eqrivahpedance Z = R + jX. The power extracted fthenWT will
be calculated easily based on known initial datBmce the mechanical power can be figured out layg liow
calculation with the assumed initial slip value.eThew AG'’s slip value will be updated if the défece between wind
power and mechanical power is larger than the ataiele tolerance. The calculation will continue untihe
convergence is achieved. By considering charadiesi®f AGs, the RX bus model is more suitablevalinlate of the
proposed model, the modified IEEE 30-bus systemavitonnected wind farm is used. Calculated resaflisad flow
analysis program show that the proposed modelastaral and accurate.

Keywords— Load flow analysis, asynchronous generator, RX busodel, wind farm.

reactive power are observed. The methods appli¢igein
1. INTRODUCTION research are feasible and proper. However, the
h | decad b f th .dlcalculation time became longer because the iterativ
In the past several decades, because of the rapidly  eqs includes many complicated steps. In [9]-fthe
consumption of fossil fuel resources, the remaining aiation between power and voltage is considered by
petrole_um resources are gradually exhausted. Asuitr modifying Jacobi matrix in every iteration, so tnethod
the price of |nternat|_o_nal petr(_)Ie_um h_as increased;g accurate, time saving, but complicated. Thisepap
unpre_d|ctal_oly. In addition, to !'m't enwronmen;all presents a load flow analysis method for distritouti
negative impacts, many stud|e$ and - projects Onpower system including wind farm with AGs using RX
renewable energy are developed in order to seele oMy, 5 model. It is assumed that asynchronous gemerato
environmentally friendly energy resources that ten WTs operate as RX load buses. R and X in this
effchfveAy used in the future. Nowadays, wind @g:;/v supposition are equivalent resistance and reactafice
oneg the mo'lst prom|sd|ng ecr;.ergy reslourC?Z'? WT. The calculating process for the PF analysis in
[11-[3]. More large and medium scale wind farms are giqqip tion system having the asynchronous geaerat
installed and put into operation with speedy dewelent  \y1¢ renresented by RX model using Newton Raphson
of wind power_tec_hnology_ [4]' It is behgved thatnﬂ method can be expressed in concise manner as follow
power will maintain promising growth in the coming gy determine the power for each WT extradteth
years. So, researching the impacts of integratiMiw yhe \yind with a given wind speed and rotor spedteriT
energy Into power system Is really challenge for compute the mechanical power generated from WT,
re_searchers_. Loapl ﬂ_O_W analysis of power systemnlgav according to the original PF analysis solutionsahiy,
wind f"?‘rms |sda 3|gnn|‘||_cant stage for wind farmrpieng, compare the wind power and the mechanical power and
opera:;ur:g an _ccc)jntfro Ing. h . calculate the slip value. When the two powers ae n
Modeling wind farm is the most important step 10 ¢qincided, a next iteration will be begun continsigu
calculate PF for electrical network including wifatms This paper is organized in some sections as follows
[5]. A PQ. model of the asynchronous W1 has beengection 2 describes the original Newton Raphson PF
prqposeq in [6] th"."t allows to use mechanical PORER  solution. Section 3 derives the model of AG wintbtne
unique - input variable. The_ parameters of the wind seq for the PF analysis including the two cases:
turbmg are ”eefjed when using th|_s model, as theg h Discounting the stator impedance of AGs and takihg
o b? !ncluded n t_h_e system admlttanqe matrix ®nd  5oc0unt the AG's stator impedance. Section 4 coegpar
obtainin dg Ithe r?pemflgdla}ctlve and re:;ctlve pov;znérlshe the calculating results of load flow computation &l
PQ model. This model is accurate, but comp ex.M [ cases. Specific important conclusions of this pegrer
and [8], the effects of active power and voltage on expressed in section 5
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analysis principle, the complex power at bis Partial derivatd® with respect to variablg andd;, we
have the diagonal and the off-diagonal element$ afs
. n follows:
=V =N[o-aXlyly[pg e
=
-= 2NV [sinG -4 +4) (5)
Separating the real and imaginary parts of (1), we 55 i#
have: oR _ L
-V ¥ [sinG -4 +¢) =i ()
n 25,
=2 M[[v[Y|cosg ~¢+4) @ _ |
i=L The diagonal and the off-diagonal elements,aire
Q =2V Ylsin@ -o +4) ® R
j=1 =

W-ZNWCOS@+;\YH?(\°°S@—¢+¢ @)

[J] is known as Jacobi matrix, which obtained by dR
partial derivatives ofP; and Q; with respect to variables a‘\/‘
of voltage angles and magnitudes:

=M[¥;|cos@ -g +4 ) IENG:)

Also, the diagonal and the off-diagonal elementd;of

AP [ J3,||A0 4 are
AQ| [J; I, |AV )
0Q _ .
o5 = 2NV [Y[sin@ ~a+a) ©
(57T o
Q._ L
( Set u;ls:]ag:‘)c-lznr AP ) a - _‘VIHVJ HYJ"COS@] _CF +¢— ) J¢ I (10)
( Al ] ‘V'x‘uj L ) Finally, the diagonal and the off-diagonal elemeofts
s J, are
v

( Set iterative count, ite = | )
Q _ . i w
1= 2l [sing =X |y|[y|sing -5+ ) (11)

oM -
0Q . o
=y [sin@ ~¢+4) i#i w2
Ite = ite +1 J
it i The termsAP® andAQ® are the difference between
(_Computing AP, AQ; ) the scheduled and calculated values, known asdiwermp
( Calculate AP, =P P ) residuals, given by

AP(k) - PSCh_ ka)
<Q, AQ.(k) _ Qsch_ Q(k) (13)

m :
i g
3

Q7 = Q™ leh Q" Q”*U i . :
( AQ =% _ O ) ( AQ = O _ g The new estimates for bus voltages are described by
v
Change bus i
( to PQ bus )

¥
Change bus i
to PQ bus

(k+1) — x(k) (k)
I =g® +Ag
(k+1) | —|\/ (k) (k)
VD] =0+ a |

(14)

Neglecting programming details, the iterative
algorithm for the PF calculation by the Newton Reqh
method is as follows:

1) Since voltage and angle at slack bus fixedjrass
|V| =1,5 =0 at allPQbuses and = 0 at allPV
buses.

2) CalculateAP; (for PV and PQ buses) and\Q; (for

all PQ buses) by (13). If all the values are less than
Fig.1. Flow chart of the original PF analysis. the prescribed tolerance, stop the iterations,
calculateP;, Q; and print the entire solutions.

Check tolerance
AP<g AQ<e

Export ‘V’ ,0;
Form elements of
Jacobi matrix

( Update new |V| and §; )
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3) If the convergence is not achieved, evaluate . s+1 .
elements of the Jacobi matrix using (5)-(12). X Rr7+ X, ]
4) Solve for corrections of voltage angles and s+1 =REX (19)
magnitudes with (4). R 7+ J(X +X )
5) Update voltage angles and magnitudes by adding
the corresponding changes to the previous valuesvhere,R; andX; are
and return to step 2.
xR 3L
3. MODEL OF ASYNCHRONOUS GENERATOR R = nR
WIND TURBINE (R S+1) (%t X (20)
—_— +
For the purpose of simplicity in calculation, thiaper
proposed a simple AG’'s equivalent circuit by s+1
discounting the AG’s stator impedance. X X, (X + X))+ Xm( Rj
Case A: Discounting the stator impedance X, = s+1 » (21)
(R 4 (x4 %)
Ir, Rr jXr
YL The active power generated by the rotor winding$ an
the input mechanical power of the WT are expressed
respectively by
A" jXm Rr/s
s+l
: [v] R
Fig.2. Asynchronous generator's equivalent circuit by Pen=1'R = (22)
discounting the stator impedance. i + X )
(R (%, %)
If it is assumed thafl—s)/ s[11/ s and discounting : (1-9) Ril x
values ofR; and X, rotor current in Fig.2 is determined S
by mech ‘V‘ S+1 (23)
R +(X+ )
e
" s+1) ) (15) The Jacobi matrix can be computed by following
(R S ] + X equation:
2
Mechanical power of asynchronous generator can be S X2 (1-9) Ril
computed as (9] Py _ V|
0s as s+1 2
R MZRS (Rj (X + X)
I:)me(:h _‘ I r‘ — =" 2 (16) (24)
s (s+t]) R+s$SX
A R (1-4g-4S- ¢)-( 8+ §( x+ ¥
Organizing (16), the WT's slip is derived by B 2
[R+$(%+ %) ]
— mechR2+‘\4 R)+\/_ (17) 2
s=- 2P _R+P_X) whereA:(%/‘) x:rand s= [P+ @ [13]. Generated
where ) real power and consumed reactive power of AGRye
A=(2P R +M R)? 18) andQ,, respectively.
mechRZ( mech mechxz)

. . =~ i Re(Z,) (25)
According to the RX bus model, which based on the \Zwt\

steady-state model of WT, where it is describechras
impedanceZ,,. In some uncertain cases, the mechanicaIQ = ‘ ‘
power of asynchronous generator is proposed unetang \Z \
The WT’s slip is derived by (17).

In case A, the equivalent impedance of WT can be |t can be easily realised that the steady-stateatipg
estimated from following equation: condition of asynchronous generator WTs can beesblv

Im(Z,,) (26)
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if the equivalent circuit datum are known. In thiney op R+|V +J/A
words, when the wind speed,q, gearbox ratio, swept s=- (2FneaR €q T ‘ 'L R)_\/_Z (34)
area, power coefficient,, etc are given, the slip value 2| P R2 + P X X
P mech mec| q
and rotor speed of WTs can be computed smoothly.
Case B: Taking into account the stator impedance A=(2RRe, r+\V4
.7 (35)
Rs 1Xs 5 Rr jXr 4PmechR2|: mechﬁeq-'- Pmec(\ Xe-c|1- X)r:|
4/\/\/‘\/_% /\/W Y Y Y\
: Ir
Re X R
Vv jXm Rr/sg M = =
Vth

1

:l Zseries

Fig.3. Asynchronous generator's equivalent circuit by
taking into account the stator impedance.

By using the Thevenin’s theorem;, X,, and X, can
be combined together to become the equivalent
resistancdReq and reactancke,

Fig.5. Equivalent circuit of Fig.4.

To facilitate the computation, we transform theorot
winding impedance to parallel elements. Transfogmin

Zeq = Reg® X @) process of rotor impedance from series elements to
_ R X2 parallel elements is expressed as follows:
qu T 52 2 (28)
R (Xt X,) . .
XX (X + X )+ R X Yierios = = =G+ jB
Xeq = S m( S VT) ?S m (29) series Zseries 1+ S + X J (36)
RE+( X+ X,) R=—+]
1 1+s x2 s
I Rp—eq = 6 - Rri 1 (37)
Req jXeq $ Rr JjXr S R St
4/\/\/\/_(WYW /\/\/\/ Yy
* 2]
1 1 (38)
Vth ! RI/5§ Xp—eq = _E =X +
Fig.4. Thevenin equivalent circuit of Fig.3. Req iXeq lé Rr
—— AN
The AG's equivalent impedance of case B is caledlat :
by (30): :
L Rp-eq D Xp-eq
1+s), . !
Zwt = [ Req + st + ]( Xeq+ Xr) (30) |

Fig.6. Equivalent circuit of Fig.5 by transforming rotor
The Thevenin's voltage, the rotor current magnitudeimpedance to parallel elements.
and the mechanical power in the taking into accobet

stator impedance case are The active power generated by the rotor windinigs, t

WT's mechanical power and the its derivative with

= (jxm ) (31) respect to variablsin case B are follows, respectively:
R+ j( X;+ X
2
Vol _ [Vl
| 5= P = (39)
Rrer e B
q s eq r
1-3)|\,|
P PR - M RS P .=(1-s) P, = ( Ll
mech ‘ r‘ s 82F§q+253q R"' %( >§1+ >92 (33) mech ( ) gen RE X2 S (40)

Arranging (33), we can calculate the slip value by

14
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[J] - al:)mech :i ‘Vth‘z (1_ S)
s 0s RE_'_Xfis
S R stl
R52+25‘1+ﬁ 1+ € (41)
, 2 R (S+l)2
==,

1+s X/ s

s R stl

R

With assumed initial slip value, active power exteal
from the wind is determined by:

\F

wind

P

1
wind — E ,OA Cp (42)

wherep is the air densityA is the swept area of blades,
Vuwing IS the wind speed, and, is the power coefficient
[14].

1

C, :E(/\ ~5.6) %" (43)

where/ is the tip speed ratio (TSR) of the WT whRes
blade's length and, is rotor speed.

_ a)rR:ws(l—s) R
v, Vv,

wind wind

A

(44)

Generally, the mechanical power is not equal to the
wind power because of unsuitable initial slip valaéer
the first iteration of load flow calculation, if eh
difference between the two powers is not equaletm,z
the new slip value will be updated continuously.
Calculating process will be continuous unaiP,, < e.

AP, =P

m Wi

P

mect

(45)

ind

When the two powers are not coincided, a next
iteration will be begun continuously. As a resthe new
slip is updated:

(46)
(47)

S = §HAc
whereAs= J7AP,

where AP, is the difference between the two powers,
calculated by (45) and the Jacobi matrix's comptmen
are represented in (24) and (41) for two correspand
proposed cases. To sum up, the iterative algoriitim
solving the load flow calculation by simulating W46 a
RX bus is given follows:

1) Assume that the slip in each WT is equal to the

2) By the correspondingZ,, value, modify the
admittance matrix of the distribution power system
including the asynchronous generator WTs.

3) After the first iteration of the original PF calation,
using the obtained voltages to compute the WT's
input mechanical power by (23) and (40) for two
corresponding proposed cases.

4) Compute the wind powét,,q with the slip value,
the TSR and the power coefficieQi using (42).

5) Calculate the difference between the wind power
and the mechanical power by (45) andyR¥, is not
satisfied, update the slip by means of (46) antbgo
step 2. Otherwise, ifAP,, is satisfied, stop the
iteration and print the solutions.

4. CACULATION RESULTS

Table 1. Parameters of the asynchronous genahétor

Parameters Value
Rated powerP (MW) 1.6
Rated voltagey (kV) 0.69
Rated frequency,(Hz) 50
Number of pole pairq 4
Rotor diameterd (m) 100
Stator resistancés (pu) 0.00706
Rotor resistancey; (pu) 0.005
Stator leakage inductanceé,(pu) 0.171
Rotor leakage inductanck, (pu) 0.310
Magnetizing inductanceX,, (pu) 2.0
Gear ratio 1:.91

Table 2. Convergence characteristics, resultthfor
WT'’s slip value and the power system'’s total power

losses
: Value
Solutions
Case A Case B

No. of iteration of

- . 5 5
original PF analysis
No. of iteration of main > 2
program
Toleranceg 1x 10 1x10*
Maximum error 1.205x 10| 4.725x 10
WT's slip, s -8.971 x 16 -1.02 x 10°
Total active power loss
(MW) 17.27 17.26
Total reactive power
loss (MVar) 32.33 32.28

rated slip. Then calculate the equivalent impedance

Z, based on the proposed slip value.
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:ﬂu‘h;,f_ 29 Table 3. Comparison of the computed bus voltage
‘ - values from the case A and case B

\\_\ .;‘ CLOVERDALE
— \ 27 / 28
(C) SYNCHRONOUS CONDENSORS N rad 2z

T .Discounting stator _Considering stator
(") GENERATORS | ’ Node | impedance (case A)| impedance (case B)
(W) WIND FARM fw\’i(ﬂ*v ij': B |V|, pu 0, deg |V|, pu J, deg

gl < 1 1.060 0.00,  1.06( 0.0D
A v \ 2 1.040 5.27 1.040 -5.27
ML, 1‘8* 3 1.020 F.47 1.020 -7.47
N — A 4 1.010 9.20| 1.011 -9.21
( 19 ‘ _ 22 N\ 5 1.010 14.13 1.010 -14.13
Th NS S T 6 1.009 1097| 1.009]  -10.98
S ,4@13;;5(;3 W | 1h \\ 7 1.002 12.80| 1.002 -12.80
L Vi mancoacs——"] \ 8 1.010 11.74| 1.010 -11.75

A\ R 10,

\ AN sw T o R 9 1.045 13.90| 1.046 -13.92
AN N\ oo \;;:j;; Wk 3= 8 ) 10 1.034 15.45| 1.036 -15.46
\ RN B 11 1.082 13.90 1.082 -13.92
= 12 1.054 14.85| 1.055 -14.85
o 13 1.071 14.85 1.071 -14.85
! 14 1.039 15.73| 1.040 -15.74
W R 15 1.034 15.80| 1.035 -15.81
TR — 16 1.038 15.35 1.039 -15.36
©Js 3 17 1.030 1564 1.032 -15.65
R 18 1.022 1638| 1.023| -16.39
Fig. 7. Single-line diagram of the modified IEEE 30 bs 19 1.018 16.53 1.019 -16.54
system using for calculation. 20 1021 16.32 1.023 1633
Fig.7 shows the single-line diagram of the modified 21 1.025 1594 1.027 -15.97
IEEE 30 bus system using for calculation. A windhfa 22 1.026 15.91 1.028 -15.94
including 20 asynchronous generator WTs is combined | 23 1.024 16.14| 1.027 -16.20
to a new bus, bus 31, which is connected to busf 24e 24 1.020 16.26 1.024 -16.37
IEEE 30 bus system through a step-up transformes. T 25 1.022 15.97 1.026 -16.02
parameters of the WTs are characterized suffigieintl 26 1.005 16.38 1.008 -16.43
Table 1._The results ob_tained in this paper are_eumb 27 1.033 1552 1.035 1554
\z;tv?:gr%e%)n that the wind speed is the identicalalbr o8 1,007 11.63 1.007 1164
It is observed from the results obtained in Tabtba 29 1.020 16.93 1.022 -16.94
the iterative algorithm for PF analysis convergeallin 30 1.017 18.01 1.019 -18.02
both case A and B, after only 2 iterations. Thewated 31 0.994 15.72] 1.011 -15.88

WT'’s slip value of the discounting stator impedanase

is -8.97x1C and -1.02x10 for the considering the stator ~ After the convergence of the main PF calculation is

impedance case. achieved, the details of the load flows in eachblnaare
Table 3 illustrates the comparative solutions eflius ~ represented in Table 4 and 5. As displayed in We t

voltages from the original PF algorithm for all posed ~ below tables, the sent-received active and reactive

cases. It can be deduced from these results tleat thpowers in each breach are slightly different.

deviation of the bus voltages between case A arid B From the results expressed in Table 5, it can bdyea

insignificant. However, neglecting the stator impede  Observed in the taking into account the stator tapee

of WTs in the calculating process has a remarkablecase, the consumed reactive power at bus #1 (blagk

influence on the bus voltage where the WTs areis 15.31 MVAr and the generated active power is.871

connected. MW. This is the biggest generated active power amon
The calculated voltage at all busses of power gyste all buses in whole proposed power system. Espgciall

including wind farm bus, in this case study arehimithe by observing the power flow in the branch 31-24johh

permitted limits. However, in case of a short ciréault ~ have sending end bus represented by the WF busamwe

occurring at the wind farm bus, the voltage valdsbe ~ recognize that the active power generated from WF i

changed significantly. On the other hand, dynamic35.4 MW. It is assumed that the positive and negati

changes of wind speed make amount of power injected Signs in front of calculated active and reactivevgo

the electrical network highly variable. Depending o Vvalues describe for generating or consuming modes.

intensity and rate of changes, difficulties withltage

regulation could appear making a direct impactuality

level of delivered electrical energy.
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Table 4. Branches’ load flows for the discountihg
stator impedance case

system to evaluate the effectiveness of the prap&sé
model. The iterative process may be more applicable
because the fundamental load flow calculation is

N‘;de N%de Ml\:’;/. MV%; M'\:;{/' MVQH separated from the main PF analysis program. The
| ar proposed model and the computing method in thiskwor
1 2 171.90) -1547 -166.82 24.85 can be extensively utilized for more complex dizition
1 3 8715] 519] -84.07 1.64 electrical network with integration of wind energghis
2 4 43.19 2.88| -42.20 -3.71 has a significant meaning in the power systems’
3 4 81.67 -2.84| -80.82 4.41 planning, operating and dispatching.
2 5 82.20 0.25 -79.24 7.75
2 6 59.73 068 5781 257 Table 5. Branches’ load flows for the taking into
4 6 7150| -1687| -7087 18.14 account the stator impedance case
5 7 14.96| 12.20 15.14| -13.81 Node | Node P, Qs P, Q.
6 7 38.32 -3.44 -37.94 291 1 2 MW MVar MW MVar
6 8 29.64| -10.11 -29.53 9.60 1 2 171.81 -15.31 -166.74 24.67
6 9 26.56 -6.30 -26.56 7.76 1 3 87.09 5.33 -84.01 1.50
6 10 15.15 1.70 -15.15 -0.51 2 4 43.17 2.99 -42.17 -3.82
9 11 0.00| -18.01 0.00 18.62 3 4 81.61 -2.70 -80.77 4.26
9 10 26.56 10.25 -26.56 -9.43 2 5 82.19 0.21 -79.24 7.79
4 12 43.92 14.58 -43.92 -9.92 2 6 59.69 -0.57 -57.77 2.46
12 13 0.00 -12.01 -0.00 12.20 4 6 71.40| -16.86 -70.78 18.12
12 14 7.81 2.46 -7.73 -2.31 5 7 14.96 12.33 15.14 -13.94
12 15 17.66 7.00 -17.44 -6.58 6 7 38.33 -3.57 -37.94 3.04
12 16 7.25 4.96 -7.19 -4.82 6 8 29.64| -10.71 -29.52 10.20
14 15 1.53 0.71 -1.53 -0.71 6 9 26.50 -5.99 -26.50 7.43
16 17 3.69 3.02 -3.68 -2.98 6 10 15.11 1.97 -15.11 -0.78
15 18 6.21 2.71 -6.16 -2.61 9 11 0.00 -18.44 0.00 19.09
18 19 2.96 1.71 -2.95 -1.70 9 10 26.50 10.02 -26.50 -10.19
19 20 6.55 -1.70 6.56 1.73 4 12 43.94 14.83 -43.94 -10.14
10 20 8.84 2.60 -8.76 -2.43 12 13 0.00 -12.65 -0.00 12.85
10 17 5.34 2.84 -5.32 -2.82 12 14 7.83 2.60 -7.75 -2.45
10 21 14.80 4.87 -14.72 -4.70 12 15 17.64 7.55 -17.42 -7.12
10 22 6.94 1.94 -6.90 -1.86 12 16 7.27 5.14 -7.20 -5.00
21 22 2.78 -2.20 2.78 2.20 14 15 1.55 0.85 -1.55 -0.84
15 23 4.57 2.08 -4.54 -2.03 16 17 3.70 3.20 -3.69 -3.16
22 24 4.12 -0.34 -4.10 0.37 15 18 6.24 2.72 -6.19 -2.63
23 24 1.34 0.43 -1.34 -0.43 18 19 2.99 1.73 -2.98 -1.71
24 25 1.64 0.53 1.65 -0.52 19 20 6.52 -1.69 6.53 1.72
25 26 3.54 2.37 -3.50 -2.30 10 20 8.841 2.58 -8.73 -2.42
25 27 5.19 -1.85 5.22 1.91 10 17 5.342 2.67 -5.31 -2.64
28 27 18.49 2.17 -18.49 -0.91 10 21 14.77 5.60 -14.69 -5.43
27 29 6.18 -0.11 -6.10 0.25 10 22 6.92 241 -6.88 -2.34
27 30 7.09 -0.89 -6.93 1.18 21 22 2.81 -1.47 2.81 1.48
29 30 3.70 -1.15 -3.67 1.22 15 23 4.53 2.73 -4.50 -2.68
31 24 324 56.8 -32.4 -57.4 22 24 4.07 0.86 -4.05 -0.83
8 28 0.47 -0.73 0.47 -3.62 23 24 1.30 1.08 -1.30 -1.07
6 28 19.02 -2.55 -18.96 1.45 24 25 1.58 0.06 1.58 -0.06
25 26 3.54 2.37 -3.50 -2.30
5. CONCLUSIONS 25 27 5.12 -2.31 5.16 2.37
Based on the steady-state model of AG, the papgr ha 28 27 18.42 2.64 -18.42 -1.37
represented an assumption that the wind farm is|_ 27 29 618 -011] -6.10 0.25
modelled as a RX load bus. So, it reflects the sezady 27 30 7.09 -0.89 -6.93 1.18
output of generators and is accurate. Accordintig, 29 30 3.70 -1.15 -3.67 1.22
RX model has built and applied in order to obtadtids 31 24 35.4 11.6 354 11.2
rgsults in the PF analysis_calculation. In this gra@ 8 28 0.48 053 0.48 382
wind farm having 20 WTs is added to the IEEE 30 bus| ¢ 28 18.96 220| -18.90 118
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Read WT's parameters
and input power system datum

C Set tolerance for AP, )

( Assume initial value of slip )

( Set iterative count, ite = 1 )

Calculate WT’s impedance
and form Yy,
(Urigin:l! power flow :mulysis)

l V.8

[ Ite = ite +1 J C Solve &, Cp, Pyinds Pincen )

Calculate load flow

A
Print results )

( Form Jacobi matrix ) (

As

(Upduln new slip \-‘aluc)

('sTor )

Fig.8. Flow chart of the main PF calculating progran.
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NOMENCLATURE
Zy Equivalent impedance of AG
R, R Stator and rotor windings resistances
Xe X Stator and rotor windings reactances
Xin Magnetizing reactance
R, Real element of,; in case A
X1 Imaginary element af,; in case A
Zeq Thevenin's equivalent impedance
Ro-eq Parallel equivalent resistance of rotor windings
Xp-eq
s Asynchronous generator’s slip
Prech WT’s mechanical power
Puind Power extracted from the wind of WT
Pgen Generated power from rotor windings
Pg, Qc Generated and consumed power from AG
[J] Jacobi matrix
A Swept area of blades
) Air density and tip speed ratio
G Power coefficient

18

o, R

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

9]

Rotor speed and blade length
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