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Abstract

Introduction: Load distribution analysis is a fundamental and basic study for all power networks, including
distribution networks, which are used in steady-state conditions. Power system planning and operation, power
network reorganization, and many optimization studies require a large number of load distribution calculations in
normal and emergency situations. Due to the nonlinearity of the system of load distribution equations, it is necessary
to use iterative solution methods to solve it. In addition, due to a large number of power grid buses, matrix algebra is
used. Some of these applications require fast iterative solutions of load distribution and therefore it is very important
that load distribution analysis is performed efficiently. A number of load distribution algorithms are specifically
designed for distribution systems. One of these methods considers bus voltages as state variables and works based on
an iterative algorithm and uses special methods to increase convergence.

Method: The proposed algorithm of this paper called SDLF in this article does not need special matrices and
complex programming. In this method, load distribution can be achieved easily with only a simple vector that shows
the priority of buses, which we call BPV, and by using the forward-backward sweeper algorithm. It is worth
mentioning that the BPV vector itself is extracted from the network topology. This work can be done both visually
from the electrical diagram of the network and from the data matrix of network D by MATLAB software.

Finding: In terms of the convergence of the solution, increasing the repetition has led to an increase in accuracy,
and as a result, the 10th repetition has been chosen as a relatively accurate result to confirm the validity of the method,
considering the required engineering precision. The obtained results show that even in the first iteration, an acceptable
accuracy for the voltage range has been obtained. In steady state analysis of power networks, the voltage amplitude
is more important than the voltage phase. The noteworthy point is that in calculating the voltage phase, it is not
necessary to update its value in each step, and it is enough to calculate the voltage phase after obtaining the voltage
ranges.

Conclusion: In this article, a new method called SDLF is introduced to study the load distribution of distribution
networks. The results of the implementation of the proposed method, with an acceptable engineering error, can be
used in the common applications of power networks in the first iteration, and based on this, it can be used as an online
load distribution in SCADA systems. The effectiveness of the method was checked on the test network of 33 IEEE
buses in the text of the article and its validity was confirmed. The introduction of the BPV bus priority vector made
it possible to avoid using complex matrices and additional calculations and to reduce the time of load distribution
calculations.

Keywords: MATLAB software, online load flow analysis, radial distribution systems, SCADA.

'Y


https://impcs.zanjan.iau.ir/article_685423.html
https://impcs.zanjan.iau.ir/article_685423.html
mailto:pay_naz@iauz.ac.ir
mailto:pay_naz@iauz.ac.ir

o Kot om0 K19 o e A armer ) s fjemyeol 96l gy TIVIN

VEve i) U ojlond oty ooyl 05lowd —pgd Jlws —shonigh (glailw jkiar g (udj121 (S phmns dlne o ) F

sloolisnlly oelads slaasds )b oy Jo sl o aglgl 1o 0l i
MATLAB 3310

Vi bu"“’.‘fﬁdb \i“/'O/'i:ch_).s@Jls
VY e poler boled Ve VY S b
ol e

pay_naz@iauz.ac.ir .|, ¢l « sodlol ol 5T olStiils ¢ ylois ol ¢ gualS 5 (5,0 (cusdigo 0aSitils JLoliwl
pay_naz@iauz.ac.ir ..l ! « s o codl o151 slXiils pimnm g (5550 liios 55 10 Lokl

03 slaasl b4y ele 5 a5 Gl 655 S jlonlat il 5 (g lae ool Laslg,y 285 ai ol wallie ol o toduSs
B9l geslgiioy SDLF g, LS5 08 ol Cuglgl Jlop G Jlasl g oyl 10 0aloays Joles (lgi 5l oolaiw Il g 05 coppn &
SS9y » MATLAB )|)5“a).> )l oolarw | L\ gddLe,A.w..u U‘Jﬁ) (5‘“7”)" u))af)“d oolazw | 0)9.4 “Ia})" )l) UMJL: %} dolsu | Mw
ool g 4> slaas Jold cdag o OYle o OS> p allas ol ioren 0g—i coooloLii IEEE ai & VY g5 A
Sl )5 Gl esliinl o9l eolizl igolening by 50 oz 9 (SLol b ple a5 5l &S (5 5bay cusl MATLAB

Wb tals b yisy Sldlas sl leg a5 s9d sodcly Slawlows e 2alS yuizmon o 1S5 G

ISl ¢ ooty a5 SUappimns e b 25y 5JUT MATLAB 536 5 goudS lae sl



mailto:pay_naz@iauz.ac.ir
mailto:pay_naz@iauz.ac.ir

VOa-EOb P-jQ
R + jX EC —b

Ilc =

M)
ey (V) oy 21 Sl s (1) oy iy 59 5285 Jolaa
VEU (a-b)-E2=R+X)P-jR+jx)Q (V)

@ oY) aaly sosg0 g i sl isy 58,5 g5l—e b Jl>

50 (F) 5 (F) adaly 90
VE cos(a—b) = E 2 +RP +XQ (*)
9
(*)
w2 by pelwn g9 Ol a1, (1) 9 (1) Laily, S5k o5 ST >

VE sin(a—b) =XP —RQ

g4 +[2(RP £XQ)-V Z}Ez +(RP +XQ)?
) (®)
+(XP-RQ)% =0

slaplas 1y () alaly olss! g o ey B8k 5

(RP +XQ)2 +(XP -RQ)2 = (RZ+ X )

s 9 (7)
x(P~+Q"%)

50 4?)\) dJolrs J} 9 (A) A.Ia.g‘) )0 (7) 4.]4.3|) Qd;d))ib La
Lulg) 5o i ey oS s 35 Slubl g Slal )15 bl 4 lgs oo
ooy iy o5 el 51 (V) alal, sl Lo ilons 03,51 (1) 5 (A)
Cewloauoolarw! .laJ‘j) u""‘”ﬁ" )b “"‘Js'ef*' LS‘)" K

K 005 2 —(RP +XQ) (v)
slemslobe sl Sloz eyl cnl jleslinul

E2:K+\/K2—(R2+X2)(P2+Q2) (M)
oo 5y Sl Clsz sl ioeen

E2-K —yk2-RZ+x))(P2+Q?) (%)

L osylae oS lypsl g oyl jo 5kilg 58 s poss ol
Syglcassay 1) (Vo) abasly olgs oo (V) abasly o (F) alasl ) onndss
_ XP -R
a—b =tan 1( Q J ()

E2+RP+XQ

codia ) ol o8l 58T, 5 08T Sl Glg oo S ey
=R

SR )

F)Loss

Yo

doddo )
S slaaSs oolod sl sl 5 oo Lo | laalllae L 23 5
oolatuwls jse JBasle el Loyl yls jo a5 ol &y595 sloaSils alex
PUOU I N [ P NPV IRICIIRY P P SCONURIP PP W EJUIRUL SN -
Sl bro 5l g0l olaws 4y (g5l aige Slallas 51 6l g 08
bl s 5l g )hl—sly Jb 5 sla cd > 0 )L 2oy
by I B cw l6)9,8 )b Ay S¥olas ol 5 39y oz e
Odglasl . Jodods onl pogdle g doslinul ol U sl 6,155 U
3l golass ogd  sooolaiw o pu il juz 5le )08 aSiis glo oy
90l 105l b iy Sl e )5 Glade 4 deo )5 ]
@™ 25k b oSl o> b )b as BT S il e )l
YR A

i sl P psbar )b iy e 58l 5l golass
lpear ) oo 3y daghy) cnl 5l (o siloa—b (Ahb @598
SIS s S bl g a8 Sl I e e
Spseoste il Sen Gl ez —ols o by, s WS )8
s s i wa)x sy 9y el Y] gz e 0 0]
ST Sy @ 8d g3l 4SS 59, 1) (i Ken 45 05 eail)|
BCBV 5 BIBC ol (gla s ile da i, 51 golasi o sa st
69, b it e a oSl 5l solans [0-Y] axiS o solax il 1,
D0, w8 coJos (55l @595 Sl

SDLF 1, o] L alliio o5l ,0 45 goligi oy g 5]
oda oy s—gide b p 5 P b i ile 4 tmlos S35 b
| s gl a5 ool o S5 b s «sbay ol 4 - ,lics s
oyl oy sS 5l eolawl b g mloassls BPV 1 T 5 sas ol
3L aile jamsian |y jb i Ol (SOl g pmimgrn
) g se gl SS9l g5 69, 51 BPV Jlop 093 o5 ol
o2 5 aSed (S al Shs (o5 5l 6 olws ©jgoa oo Wilgi e IS
555pLl MATLAB 15310 5 basss D a5y cloosls s silo (g3, 5|

Sgd gadiSls ] Gldi> 4 gam sla iy o 4

Sole arly (o8I (B yx0 Y
Sz Gl wl 6o S lareas VS o oud ooyl aSl
LEC T e >, J> ¢ BPV b i Coglgl Jlo Qob LS e

Aol ool
VXa EXb
| R+ JX l =
> D>P+
l IXc | JQ
Sending End Receiving End

Solso 4l 551 ) S
N ISl o eacdeslalid al 665 olel 1w yo JL oL
Lol dwloee B (V) alasl) S @ alal) g0 lawgs

— VEo v Wi Tojlowd by ¢ o)l 0 ylowd — 09> Jw —diowigh (gldilw yuia 9 (o515 1 S i Al

B O



o€ Koyl §(6om 0 #|) o ae® { arngr ) 5™ fiemeo)( € gy L YIN

o deaS ! 5l esletw b Jlie lgreds . loods 08y lacew gu

FB o IS 5l S andl oS 09 ozl il 55 & jg—0ay BPV
Mbsn calasis oy cpl Joud

BPV=[18 22253317 21 24 32 16 20 23 31 15 19 30 14 29 13
281227112610987654321]

)59 2905 ¥

2359 99 51 SDLF b iz 50T Jo g oaliisl 5550 o y55)]
Lo ¢ i & 5300 4 ilg3 oo o BPV .S _soslics | D 4 BPV
oo wg )llp 5 laas &b 5l Wlgs o pa g 09—28)l5 )15
S S oamlinlgi s ¥ JSS jo ly (IS 0,6l ogdolo|

Read in
Data Matrix D

I—d

Create BPV via
BPV_cal function

Read in BPV
entered by user

=i *

Compute net powers using backward

propagation in the order of BPV

!

Update node voltages using forward

propagation unlike the order of BPV

Is load flow
converged?,

BPV jloaliwll SDLF b9y & ylogld :¥ JSCi

GOl 09 Gilwands s .0
O303] 8 (59, SDLF (soleiiiy by, coms 5 (55lo s g
30 oyl aSi cpl 4 b e (gosls i g jlwesly IEEE as YY
SBSG Jolae (S xSl 51 Grizran g oo wsn 250 Y Jour
VJsaz o plgiee 1) 4t 5y g caileation ol ¥ JS2 50 o
Sl S5 s 5Ly azels (gl ogeionnlis o cilisie slaoed (sl

Voo o 1 atly 0 fond oyl 85land g3 Jos —tioubh (£l iz 3 10 (cUrpimns dlixa o ) 7

VL (\Y)

BPV (o Caglgl 5100 iy a3 ¥
20 ol lewoa a3 siedns ) 5l )l ps—on
5o S8 ol g5l ol 5 )b iy Sladllae 4 Gack Sucee o
2 ol (golei—dioy ) 5l OlFs BPV (s sl 0 Ssnly>
o Soolainl o8 Lz b
S ol el ol seasls 51 S -l o5
Mty ol dojlos ) St 558 Bllas —pgo oS
Al BPV
K9y ‘) QT a J-.a.m FES N 9 P9 ﬁlf)o oJ_..u;Q LH_in ﬁlf
QS Bd> pl Sl
b osS,1,S5 (o080 1) 398 JoTye 9 000,50 Jsl o5 0 —p ez o8
eyt Al e 4

olgzdody « yig, Jol a8 jo plemsl ax Lt bl aSyl ayam 5Ly
LgLQU““ﬁ) L ..\J‘j.:LSA 9 0.)5.:_; LS.: uL‘Bj‘ u.l.c‘ 3o BPV )L)).J 1 el
A YV w395 pimen ¥ S0 jo cJlie olgicay ogbans o5 calize
Ay 50,k )0 |y IEEE o jlasbiw] gelads

23 24 25

26 27 28 29 30 31 32 33

28]129|30) 31132

10 11 12 13 14 15 16 17 18

9 |10]11]12 |13 l4|15|16|17|

Supply node

IEEE aicds ¥ 21595 poiamnns 1Y S0
2 Loged EBPV o oiS £9,8 YO o)leds bl ot 51 S
B0l 0

BPV=[252423333231302928272618171615141312
111098722212019654321]

bbpalys 0iSeg 0 VY olesl s 51 ST s
BPV=1[22252124202319181716151413121110987
3332313029282726654321]

sazld i g oS e 5l ok sbaylon s S omenas
Edgiglyier 2Ll Az
69, 51 Olsse [ BPV lo 008,83 5 daaiie o a5 joblan
ey Il ol o aS 0 jglcwod 30 D asil gleosls s 5l
MATLAB (sloaS .ol aale> yiin ol peds 50 )b s Slawlxe
oo ;o D a5 sbools s pile 5IBPV glyzewl 4y by e




L &MJ 6)JYL> M‘ )‘ )L.J5 Aol su)dS LSLO:ASV.M )lfAJLA o> ML 9 Uas U"”"j g.,\.Q,’> 9 o..\_wd.a_wbr.a SDLF ‘)aj) L’ P g—w [ JB‘
5 5k 5B an—wlxe 4 51 o2 SDLF g, ,0 0,15 1,8 5Ly 518 495 A g,y mp0 S5 A L Jlade ol bl el
oS Gl oyl azgi BB aiSS ogedonlan | (Vo) adayl, 51 les oo s b (Slez 0 1 Kan blodas a5 il S30LLS wloa_bawslae
5955 3oyt ol ke dlpe 0 50 a8 e L3 515 Sl alre 5 aar gl oo S5 a0 g ond e 8o Rl a1, 38
31 dn e as S 5l slaasals el sa 5l o s gy Sl ML &lp 380 L:.\M.\ Aol lgiedy Lo 050 o dige CBS
Jgaz 3T gt 50 5 a8l slopwds 5Ly 5 s ogieladl 5Ly 30 S 45 waes el odwlew o4y s e loads Qlsl ¢ g,

loaes yl ) FdUT 50 s Tooe T o4y 5Ly asals (sl (JguB BB 8o ¢ Jol 1,55

SDLF b9y jlesliuwll IEEE aiucd Y'Y aSiids jb Lidy guli ) Jogur

Voltage (1% Iter.) | Voltage (2™ Iter.) | Voltage (3" Iter.) Phas(el gnﬁgI? (rad)
Bus | (Max Enor = "Max Error =) Max Error = er.) \
no. [_' 0 4} [ 205 p ] {q o ] [.f’l;fm.Ermr:}
3.0796x107 1.2951x107° | 5.4836x107 3.0878x10°

1 1 1 1 0

2 0.9970285949 0.9970183368 0.9970182935 0.000235

3 0.9829646271 0.9829009224 0.9829006529 0.001657

4 0.9755010954 0.9754010748 0.9754006495 0.002802

5 0.9681190902 0.9679840140 0.9679834384 0.003963

6 0.9497213302 0.9495164530 0.9495155822 0.002323

7 0.9462136933 0.9459940280 0.9459930943 -0.001706

8 0.9326009657 0.9323417881 0.9323406905 -0.004384

9 0.9262873266 0.9260105906 0.9260094211 -0.005684
10 0.9204432433 0.9201542982 0.9201530793 -0.006805
11 0.9195763631 0.9192856849 0.9192844590 -0.006677
12 0.9180646182 09177710704 09177698329 -0.006474
13 0.9118970480 0.9115959358 0.9115946684 -0.008099
14 0.9096093930 0.9093061029 0.9093048268 -0.009499
15 0.9081839583 0.9078793812 0.9078781001 -0.010170
16 0.9068030713 0.9064974886 0.9064962034 -0.010584
17 0.9047559669 0.9044495112 0.904448222/ -0.011959
18 0.9041428922 0.9038362284 0.9038349388 -0.012130
19 0.9965002564 0.9964899771 0.9964899338 0.000046
20 0.9929226927 0.9929123346 0.9929122910 -0.001123
21 0.9922181912 0.9922078213 0.9922077777 -0.001461
22 0.9915807700 0.9915703933 0.9915703497 -0.001816
23 0.9793805785 0.9793154115 0.9793151371 0.001117
24 0.9727103469 0.9726440837 0.9726438058 -0.000432
25 0.9693854590 0.9693189678 0.9693186889 -0.001194
26 0.9477994843 0.9475878260 0.9475869270 0.003010
27 0.9452452838 0.9450249507 0.9450240157 0.003987
28 0.9338310668 0.9335859247 0.9335848904 0.005436
29 0.9256215054 0.9253669709 0.9253659001 0.006796
30 0.9220660313 0.9218090849 0.9218080046 0.008633
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E=v(D(r,3),1); del=v(D(r,2),2);
v(D(r, 3),2) = del-atan((X*P-R*Q)/(E*2+R*P+X*Q));
end
D u“‘ifL" Lngoob °
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. - Load at Rec.
i Elg | =] =

£ 5 | ~ = | L QL

(W) | (VAR)

1 1 2 0.0922 | 0.0477 | 100 60
2 2 3 0.493 0.2511 S0 40
3 3 4 0.366 | 0.1864 [ 120 80
4 4 5 03811 | 0.1%41 60 30
5 5 B 0.819 0.707 60 20
] ] 7 0.1872 | 0.6188 | 200 100
7 7 8 1.7114 | 1.2351 | 200 100
8 8 9 1.03 0.74 60 20
9 9 10 1.04 0.74 60 20
10 10 11 0.1%966 | 0.085 45 30
11 11 12 0.3744 | 0.1238 60 35
12 12 13 1.468 1.155 60 35
13 13 14 0.5416 | 0.7129 | 120 80
14 14 15 0.591 0.526 60 10
15 15 16 0.7463 | 0.545 60 20
16 16 17 1.289 1.721 60 20
17 17 18 0.732 0.574 S0 40
18 2 19 0.164 | 0.1565 S0 40
19 19 20 1.5042 | 1.3554 S0 40
20 20 21 0.4095 | 0.4784 S0 40
21 21 22 0.7089 | 0.9373 90 40
22 3 23 0.4512 | 0.3083 90 30
23 23 24 0.8%98 | 0.7091 | 420 200
24 | 24 25 0.8%6 | 0.7011 [ 420 200
25 6 26 0.203 | 0.1034 60 25
26 26 27 0.2842 | 0.1447 60 25
27 27 28 1.05%9 | 0.9337 60 20
28 28 29 0.8042 | 0.7006 | 120 70
29 29 30 0.5075 | 0.2585 | 200 600
30 30 31 0.9744 | 0963 150 70
31 31 32 03105 | 03619 | 210 100
32 | 32 33 0.341 [ 0.5302 60 40
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n=33; % Number of buses
maxiter=10; % Determine the max. iteration
% Convert to per unit
Sh=1; Vb=12.66; Zb=Vb"2/Sb;
D(:,4:5)=D(:,4:5)/Zb; D(:;,6:7)=0.001*D(:,6:7);
% Initialize bus voltages
Vref=1; ang=0; v(1:n-1,1)=Vref; v(1:n-1,2)=ang;
% Cell array for input and output branches of buses
out_br(n)={[1}; in_br(n)={[1};
for k =1:n-1,
out_br(D(k,2))={[out_br{D(k,2)} D(k,1)1};
in_br(D(k,3))={[in_br{D(k,3)} D(k,1)]};
end
% You can use BPV directly instead of BPV_cal function
BPV=BPV_cal(D, in_br, out_br);
% Load Flow Iterations
for iter=1:maxiter,
% Calculation of Net Powers at Buses (Backward sweep)
for k=1:n-1,
out=out_br{BPV(K)};
r=in_br{BPV(k)}; Is=length(out);
F(r,1)=D(r,6); F(r,2)=D(r,7);
if 1s>0
for m=1:ls,
s=out(m);
P=F(s,1); Q=F(s,2); V=v(BPV(K),1);
F(r,1)=F(r,1)+P+D(s,4)*(P"2+Q"2)/V"2;
F(r,2)=F(r,2)+Q+D(s,5)*(P"2+Q"2)/V"2;
end
end
end
% Calculation of Bus Voltages (Forward sweep)
for k=n-1:-1:1,
r=[in_br{BPV(K)}I;
P=F(r,1); Q=F(r,2); R=D(r,4); X=D(r,5);
V=v(D(r,2),1); e=0.5*V"2-R*P-X*Q;
v(D(r,3),1)=sqrt(e+sqrt(e”2-(R"2+X"2)*(P"2+Q"2)));
end
end
% Voltage Phase Angle Calculation without any Iteration
for k=n-1:-1:1,
r=[in_br{BPV(K)}I;
P=F(r,1); Q=F(r,2); R=D(r,4); X=D(r,5);
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BPV s,y dcslore g MATLAB slaas’ o
function BPVV=BPV _cal(D, in_br, out_br)
BPV=[I;
for k=1:n,

lo(k)=length(out_br{k});
end
f=1:n;
lon=lo;
while ~isempty(f)
[d,I]=sort(eq(lon,0));
e=setdiff(d.*1,0);
b=f(e);
f=setdiff(f,b);
BPV=[BPV b];
le=length(b);
for k=1:le,
[c,ind]=sort(eq(D(:,3),b(K)));
br=ind(n-1);
lo(D(br,2))=lo(D(br,2))-1;
end
lon=lo(f);
end
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