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Abstract-  Load flow calculations are rrlorpud an any electric energy system to ensblic
system engldeors to satisly the needs of the society from electric energy, and are necessary
in making projects and research work conntcted with system planning and, development.

The most popular and widely used method for these calculations is the Newton-Raphson)
method which |s advantageous to other methads by Iis quadratic convergence property.
There are cases, however, where the Newion-Raphson method is divergent. One of the
main reasons lor this divergence is s high sensitivity te the initinl estimates of thef

urknowns. - 3
This presents two starting methods for the evaluation of the initial estimates
for Newlon- load {lows. The initial estimates calculated by these methods ar

found 10 guatantee a reliable convergence and |ncreased speed of solution by the Newton
Raphson method. The reduction in computer time has amounted to as high as 0% o
the time without starting methods. : H

l. INTICEiUCTIGN

Load [low calculations are performed on any electric energy system to enable syste
engineers at the ﬁupnwuni‘umn 1o satisly. the needs of the society from electric energy
They are alse necessary making projects and ¢esearch work connectsd with systen
planning, expansion, and development. For “these reasons, lvad flow is the most oft
carried oul af routine computer power network onalyses. .

The edrllest known practical approach 10 load flow calculations was the Gauss-Seida
iterative method [1] using the system podal admittance matrix. This method was well
suite to tha early generation of computers since it requres minimal computer storage
Although it performs satsiactorily on many problems, it converges slowly; and too oft

pet ar all. The incentive to overcome this: deficiency led 1o the development of man
pther methods, most popular of which is the Newton-Rapnsom (N-R) method [2-8] Sinc
fthen i mathematiclans and engineers have been involved in  Intensive developments 1
this method 'to improve its reliablity, speed, and computation ability [5-9 :

With i1s quadratic cenvergence ability, there are cases however where the N-R method
is divergent. One ol the main reasons for divergence, or for slowing down the convergence,
is its high sensitivity 1o the values of the initial estimates of the unknown quantities,
namely, bushar voltage moduli and phase angle values. For imstance, (1 these cstimates
are cutside “the area of sol uti on gravity" the comvergence i not ensured [10). The impor-
tance of good initlal estimates has also been Stressed recently [8). :

L Some programs perlorm one or two Guass-Seidal ilerations before thé N-R process
(2} This is’ icial only lor eases which could be comnpletely solved by the relatively
weok Gauss:Seidel method. Other programs- may use the d.c. load low for calculating
the Initial & estimates [4] and a similar technique for the voltage magnitude init
estimates [11]. Authors’ experience ha$ shown that, the initial voltage estimates ralcula

by this process are of values whichire very close to the nominal voltage moasgull contra
dicting thereby the idea about the niressity of the starting methods and in the majorit
of study cases. this process has cowfriputed only slightly in reducing the aumbser of itera
tions executed by the main N-R algerithet. | s
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! Thia i-[ﬂ'l' prosents fwo . star methods developed to antee o rellable conver-
Hnm.mﬂlnumdlp-ﬂdul‘uﬂ tlen by the M-R: foad 5. They aré superice 1o
Lp_-umlr kmown processes [2,11] bn thaty they tuuil 1wn main requirements: :

Shmpd of the aljorithm whick is dtmmulrnttd in the smalier m.u':ﬁ:r II calouilnsing
operatlons in comparisen with thade of one N-H lteration cyelej and

|b= ﬁhmlnirg: iniial estimates that ensurs p orefishle solution with lpprutlahly aimaller

numbies n! iteratiens for the main H—Rm

In sither eethod, the mathematical expressans for EValLATIngG the mlml anpulEr
timates are first set up. These will then be uied ad worisbles in saiiing lug the mat-
matical tﬂmﬂnm for the calculiivon n! the veltage magnitudes ||'|l.'|'_l.u_| sl imates:

3, HA.TH.HMTB:M meumhms Fdﬂ: THE DEVELOPED STAR ' rql: METHODS
2.1 First Hﬂ :
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fload flow matrix equation :
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ith a predetermined accuracy of 0.05 MW and MVAr. The results are listed in Table.|

show that, in general, a starting process.leads to a reduction in the number of itera-

ion cycles.: The starting processes developed in this paper, however, are advantageous
that due to B. Stott for two reasons: : .

(i) a reduction in the number of iteration: cycles is always ensured, which 1s not the
case lor Stott's process; and ) :

(il)  the reiu;lting reduction is generally grearter.

“Table |. Number of iteration cycies for load flow solutions with and
; without starting methods. :

.
+

Tant | No. of | No. of Numbter of iteratlon cycleo

prob. | nodes | bran- |\ p Liihout | N-R method with slacting methoda
No. chea atarting

methods B. Stott's Developed nethoda
Ref. [41] Firot Second
1 4 3 3 2 2 2
2 $ 7 6 ] 5 5
3 " 1" 3 2 2 2
; 15 17 3 3 2 2
17 20 3 3 2 2
6 17 19 9 8 7 1
1 17 19 8 7 ’ 6 6
8 17 19 1 10 9 9
9 20 24 12 12 " n
10 21 28 7 3 5 5

Investigations concering the effect on solution speed, convergence property, and
reliability of these two methods are also carried out. For this purpose. one of the |0
test-systems, namely no. 5 in Table I, is considered. The circuit diagram, together with

bar data ‘of this system, are given in Fig. |, while its branch data are given in the
Appendix, Table Al. :
The effect on the speed of solution may be examined by considering the absolute
l::gular errors, defined as the dilferences between the values obtained after a complete

lution and: those resulting from the starting method alone. It is clear {rom Table 2
that, for the majority of system nodes, our starung ethods give angular assessments
which are nearer to .the final solution. This is also confirmed by calculating, from the
results of Table 2, the arithmetic mean error which is found to be smaller in the cases

pof our methods than in the case of Rel.[11]) . :

The corresponding percentage errors in busbar voltage magnitudes are listed in Table
J. These results emphesise additional advantage to the developed methods. This fact
is further clarified when the arithmetic mean value of the percentage error is considered;
::l gﬂﬂ‘-{?‘ﬁ:lar. the first method, 0.45% for, the second, but as much as 2,73% for that

The effect on the convergence pattern of the developed methods is best illustrated
by the logarithmic scaled curves of Figs. 2 and 3. The curves show that, convergence
Is approached laster in the case of the starting methods developed in this paper.
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To illustrate the gilect on Ihe solution reliability entorced by the developed mothods,
lead flow solution is carried our for the system of Fig. |, this vime however, with

B large error included In the anbar cata. lnatead of 23 kv, 4 value of “70 &V i3 specified
cr busbar numbered |5, The results of thiy study are represented by the curves of Fig. &
it i3 seen that, while no solution |8 possible by the Newton-Haphson method alone, o
olution I3 anteed aiter only' Z iteration cycies when vur first starting

i eatered in the process. This means that, aeither the refiability noe the solytion
gained %y the application of our tartmg methads, are allected by the introdiction
ot errors in the s¥item input daid. :
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. APPLICATIONS TO L. ARGE PRACTICAL SYSTEMS

Tests hwlemz large practical systéms have also Been carried Sut uning only the
irst of the two developed starting methods lor its relatively better periormancef
shgws  the circult diagram for one of such symiems. It iz = part of the Bulgarian |1
20, and 400-4V interconneCied eleciric energy network. This system comsists 62 W Bud-|
% 34 branches ol which 13 are ranstormers, and 13 reactive powsy saaces. Two
the transdormers base complex turns ratio and the busbar and branch inout dats are
ven ih the Appendix, Tabler AZ and AL "The slack buabar i numbered 30 i Fig. 3.

Fig. & gives ihe variatiom with the member of iteration crcles o the manmum mis
match in bath active and reactive powers lconvergence charscieristica] lor different
& to the systemi ol Fig. 3. These conditions include that ol imroducing
etrory In the input data and the execution of the tolution with and without
method, All siutions are compieted with a predetecmmed tolevance of |

The curves show that, lor no error introduced w the mput data, & wlution i1 oswile
fer G itérations by the main MR algorithm alone, Should an eiror be Introduced wi
input data, ne wiution s obtained without the wae ol the siarting inethod.

Conditiorn are hawever much wnproved, even wherg errors are introduced in 1he
input data, when the action of the starting methed (5 included i the caleylatons, For
Eumph. with wn error ol -90L3% KV ¢ entered i the voltapge data ol busbar oumber |

W 17.% k¥ instead ol |11 k¥) a complete solytion (s obtained alter only & iterations,
which means that our siariing method not only ensured & solution, but redoces the Number
! ileration cycles as welly 5y at beast 1355 in tib cnse,

A frueh larger systerm has alsd been [ncluded in the study. The system has the [ols
lowing componsats:

« No. of busbars M3y

- No. ol bfanches = 804

- No. of reactive power swources - 68 1 and

- Mo, gl ttansfermers = &l ol whith 3 have complee s rano flor voltage con-

trol widet Tosding conditions,

Solving this sytem withoot the starting method. & solution 15 ohtamed after & lleration
cycles. Ugmg the [irat o our developed starting methads. the compiete solution 3 ob-
tained siter anly 3 (terution o cven with ome errors introduced in the input data,
This représents o 0% i the number of iteration cycles and, comeguently,
in the compuing time. .

It might be of Interest 1o Jearn that, when ow (irst starting method way ioglded
mlhﬂﬂl calcuiations, the same effect on relability 2nd wiution speed was alw

The system comidered coosisied of 237 busbars. 412 branches of whith &3
are tramibemens, ad 87 reactive power sources, Three of the translormers have complex
tuten ratia, In calculating an oplimal reftime without the startng method. ne accentable
wiution wag ohianed alter 36 optimisation ilerations. The target lunclion was founc
13 chonge sery liitle 1or m wige range ol change In the bushar vollzge values. With
large ofr inrodoced In the input data, the conmisation process withoul the startng
method wis iterrupted, by condijonal informatoen. at the |Ith iteration cycle. Comditions
are much) bnpioved when the starting method o inserted in the groceis, and an optimal
solution was attained alter only 14 jteration cycles:
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iteration number

method with correct data and without starting methed,

with an error of -100 k¥ in the voltage dawa of bus rumber |7 but
without starung method,

but with the starting method, and

with an error of =933 kY in the voltage-data ol busbar number |

and with the starting method.

3. CONCLUSIONS

Two starting algorithms for the Newton-Raphson load flows have been developed
and intensively tested in this paper. The results ol the tests are 50 consistant as 10 make
precise concgus_hm possible.

fn comparison a1th previously krown starting methods, 1hose developed here ensure
ter initial estimates for both magnitudes and phase angles of busbar voltages. Conseq-
vently, the reliability of obtaining a solution |5 increased ana the solution time s reduced
appreciably. For instance, for o large system with 293 busbars and 406 branches. the
reduction has amounted to 50% of that necessary tor (he same solution withoul a starting
method. In general, 3 pronounced reducten in the solution time shall always be guaranteed
Lby the use ol our starting methods.
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In addition, for system conditions where the Newton-Raphson method al;; .h;sl

ailed, the use of the starting algorithms presented here has indeed proved very uselul.
ame advantages have also been ensured in oplimisation calculations.
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L. APPENDIX
j * Table Al. Branch data for the test system of Tig, |

‘Branch i n Eranch Ny x Y
Dranch [ R X (R) | v (ue)f Beaneh IR ()] X (2} | X,( o)
1 - 2 Tl 14,0 oh8 6- 17| 2.96 | 20.96 536
1w 9.36 | 19.6 1040 7- 8 | 5.24 | 20,0 136
1.5 o | '25.4 0 9= 10| 5.9 | ¥%.9 254
2. 3 5.47 | 48.6 500 0= 11| 7.66 | 467 4350
4 - 6 o 25.4 D 10 - 12| 3.45 | 21.0 586
e 11 3.6 | 22,0 151 15%= 12| 1.% 0.4 250
5« 12| 12.4 | 76.0 520 15- 14| 6.19 [ 25,5 488
6 - 1 1.06 | 10.6 117 M- 15| 5.67 | 46.3 104
6§ - 8 4.87 | 30.7 " 497 15 - 16| 2.96 | V8.2 b))
6 - 99 2.45 | 191 105 16 = 17| 0.61 5.0 156
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| E-26. Reua M. El-Dewieny and Petko AL, Yietchkov |
Continued from Table A2 ' )
sq | 220 0 0 0 0 198
' 55 | 220 0 0 0 0 208 j J
56 400 0 0 0 0 312
Table AJ. Branch data for the actual system ol Fig. 5. {
bus. ;,:: Richms X, ohas Y, JS  Kppbete Kpoopowe  f
43 22 9.3% 25.0 960
43 56 6.1 23.9 459
29 1 5,12 31.98 330
29 20 1.498 20.21 270.9
50 1 5.24 56,5 696
40 41 3.0 18.46 128 1
40 41 2.96 18.06 128 2
40 53 5.825  37.15 251.8
40 42 0.7 6.54 50 1
40 ‘42 0.7 6.54 58 2
41 24 7.659  46.66 330
53 50 5.463 34.85 236.2
3 28 6,07 37,14 258
24 36 4.704 19.2 118
4 50 6.838 A2.04 304
4 s 5.26 32,341 224
o) 95 3.522 ¢ 21.63 157
55 so .56 20,39 147
<4 26 2.93 12,0 73
28 25 0.28 .76 12
28 24 2.238 15.26 108
24 26 4.87 30.8 210
24 27 2.218  22.2 229.5 1
24 27 2.218 22.2 229.5 2
27 26 3313 20,96 139
6 9 0.7 4.35 34
4 ° 1.6 9,85 61 1
4 2 1.6 9.85 61 2
4 15 5.894 35.51 254 1
4 15 5.884  35.51 254 ?
5 ‘ 1 Oﬂl 5-55 "" !
5 A 1.084 B8.55 43%.9 2
10 5 < 2.8% 17.07 125 1
10 5 2.83 17.07 123 2
15 16 1.223 12,4 127
15 M 1.756  10.727 il
15 54 10.3 42,16 259
17 19 2.318 11.69 19.6
19 18 1.179 4,523 29.3
16 51 5.87 7.4 253 1
16 51 9.2 19.8 2‘:4 f
51 50 2. 15.58 110
51 50 2.89 18,35 124 2
50 52 2.584 24.725 398
51 52 0,404 3.83 63
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.Continued fron Table Al
h"‘"" :’:’ E, chms X, ohms /X B8 Kp.pew. Epgetede  #
40 37 0.5 26.4%5 -12.9 0.526 1
40 37 0.59 26.45 -12.1 0.526 2
41 8 .57 28.5 -2 0.537 1
M m 0.57 28.5 -12 0,537 2
52 15 0.2 8.81 -95.4 1.818
M 5 0.5M 25.0 =12 0531 1
34 3] 057 25. 0 -2 0,957 2
3% 33 0.59 26.45 -12.1 0,537
5‘ ‘T 0. 535 51{?4 "20' ol,)‘
25 20 0.4562 27.2 -12 0.557
24 20 0.59 26,45 =121 0,920 1
24 20 0.59 26.45 =121 0.526 2
29 24 0.556 25.4 -4 0.501 0.66)
27 23 0. 566 26.7 -13 0.537
o0 27 0. 355 23.46 -5 0,527
N 9 Q.55 25.4 -4 0.589 1.9%7
26 22 0.715 10,6 15 0.537 1
26 22 0.715 50.6 -15 0.557 ?
7 9 0.2 8.83% -23.4 1.868
5 6 0.2 8.83 -93.4 1.868
' 4 0.2 8.83% -95.4 1.868
2 5 0.2 ‘B.83 -93.4 1.868 t
2 5 0.2 5.83 =23.4 1.868 2
0 18 0,547 21.2 -3 0.526
15 12 0.59 26.45 -12. 0.531 1
141 12 2.38 17.59 -12.15 0.5%2 2
L] (] 1.33 42.6 -22 1.818
16 13 0.546 27 =76.4 0.547 1
16 13 0.946 27 -76.4 0.547 2
48 99 0.7NM 306 -18. % 1.764
53 a1 1.519 42,75 -22.5 0.591
42 4‘ 0055 26!" -12.1 0- ”6
‘-‘ 50 eaa 5.03 -9’_-‘ |-“5
46 =5 0.077 1,025 -102.4 3.4 &
51 45 0.59 26.45 -12.9 0.557 1
1] 45 0.59 26.4% -12,1 0.557 2
" 1 1.99 T.04 =64 0. 515 |
In the Tlable above;
(X B trarsformer magnetising reactances
KTD 13 transformer turns ratio in the direct axsg
KTQ Is transformer turns ratio m the quadrature axisy and
#  denotes branches in parallel.
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