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ikl
“is boosis iaveStigotes the cutlytical methods and
the wnothods of the mathematieal sinudation on the Dircet
Current Network Analyser wused for the study of the traus—

nission loss and the ecougmic loading.

A particular refercnce is uade to the Arasb Republic
of Egypt powcr system and other systoems for the szke of

the generalization of results of the study.

The thesis counsists of six chapters, introduction,

conclusion and five appendicus,

The First chaptoer coutains a complete description for
the D,C., network analy%er used in thc study and available
in the Blectriecal Engiacering Dept. of the Faculty of
Engineering; ain-Shams University. The low percentage
error incurred in the uetwork simulation on the snaly®er
sllowed to use it for the compartively acurate analysis
of the power system. This is obvious, especlally in deve-
loping countires where tihe overall capacity of the network
is low, since the additional cost of operation due to
error incurred in the simulation results way be less than
the additional cest necessary for the replacemcnt of these

simplified wunnlyazers by high specd digital computers,
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The porawgtoers aud tuo confdlguredicns of the luvesti-
gated systeis ar¢ given in the Second clapter. alsov the
rclations betweosn the active uud the recctive geueratiou
are given for the differcut power stctions in the Cairo
area. These relations were obtained on both the D.C, not-
work aunslyzer aud the I.B.M 11%2C digital computer. Both

results aluost coincided.

In chapter Three a corrglation was proposed between
the measurencnts based on neodal voltage and loop current
methods, This allocwed te obtain the open circuit impe-
dances for the iuvestigated power systems by usiug the
D.C. network analyzer. Tho rssults obtezined from the
desigued programmc ou the 115C digital couputer were very

clese teo those cobtained on the D.C, nctwork analyszer,

The details of the convergence of the load flow
oo the D.C. Letwork snalyzer are given in the Fourth
ghapter. 4&lsoc the flow chart of a programne based on the
Gauss=-3duidel method with zn accelerating factor is given
for the aualysis of the load flows in the considered
power systems, Comparison eof results indicated the better
convergeince of the load flow as ob%bzined on the D,C,

network aunalyzev,
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I cuapter rive Zoriulae for the B loss coeffic-
i ks arc derived, also the power loss was eSticated for
five diffcercat operating coaditious using the loss formulac
and the S:I;R from ths load flow studies cobbained both on
digital couputer :ud network analyzer Results of D.C.
uetwork zualyger =nd of the digital cciputor were very

¢l 088

A prograume is given in the Sixth: chapter fon ecoro—
mle Ivading of the Calro area of the unlfied power systen
comprising both coordinstion equatiocn and the ineremsntal
loss, The actual ioput-output reletions of the different
thermal wuits are used in this programue., Coumparisocn of
results with the publishcd data of other authors indicated

the validity of the proposed approach,.

The thesis zlso coubtalined the conclusion and the
recomnmendations, which uay be suggested for the economie

operation of the UPS of the &rsb Republic of Egypt.

Central Library - Ain Shams University



CHAPTEE

i

APPLICATICON OF D.C, NATWORL sXalYZ=R FOF LOSS
&:—AIJY.EJI‘S OF POW@Q SmeES.olo---wo.;a----n---.

I.l-
I.2.
I.5-
104.

1-59

TEroGUCELOle s snnsavessanssnssassaneesans
The G440 U.C, HNetwolk alelyZel e eiensse
Opera.tlou LaStrUCEionS.eeiveserosasrsaasnns
Heaturing BAUIDPLSLtessecssarsnsasroannsss
Sebting of Referznce Voltrgeeeeseneesnses

CHAPTER 1T
DETERLINATION OF THE &CTIVE RE.CTIVE POVWER
CI{ARACTERISTI&CSOCIIQOOIlll'!l.l.l.!ll.ll...lll

17,1, Mathemstical Simulatieon of the P/Y

Gl}.aractaristics.l...l'.llIDI‘C'..I‘I"..

e Bystel 0f Refercics 7iiievsevsnesnsee
B- CAIRO ARM OF UPS......‘II'.I."".I.

CiaPTER II1
OPEN CIRCULT ILPEDANCE WmASUREMENTS caveansnsne
ITT,l. Open~Circuit Impedsace licrzurament on

D,C, Network anslyzer (Fzfercnce
Erame I).-.’.....‘....‘*........'.l'-.l

A. bystvm Of Ref&fﬁuCﬁ 7.;.-------0-.-.

ie

12
16

25

53

23
37

P.U., Valucs of the K Matrix (D,C.N,A)43
P.Ue. Values of th: R Matrix (Digital)ss

B. Ca,j-rc Arba Of EJ?S'.....‘.I..'II.I.DQ
P.U. values of Refvreuc: Frame I
Impedafic{i {\DIC-I\T.";.).Q.IDOI LI B I I I B B Y

IIi.2, Yigital Calculation of The Raference

framse I melf and Matusl ImpadanceS.....
Poie values of ieference Frams T
Imp:dancse of Cairo Area oi USP

(A-J:ié;j-t"sl)QQQCDnl-.cccllcohc.otln-ot-'l.

I11.%, sortran Prograzau ior hefersaes Frame I

G@lculatiOLlutlnit-lcoot..oloov-.ocoQlio

Central Library - Ain Shams University

45
47
51
S4

26



EESER N S

ot Ai;lﬁ‘i Ivr

SERTE 10D FLiw BTUDTIES . iyt eisnrntsanrenseens ol
TVede w\.*;.l........................,........ ol
iV 2e VotwoIll Ancl7zel 0.0000 e esessanenssnses 51
IVeZeBe L0AE FilOW DUy 0L 1aUy aidesrsvovenesns 5

a= SysTen 0 Sefuleuce Vesevrrrscorsnnaa o7

Le Cidro arie 0f UPS..evesecssnsccsrsnsnne 89
IV, 2., Pigital Coumputer Methol,yvsesreeononns 75
a— Dysbem oI Heference Veue..
B= Cairo aras of UPS,

L A N N

Pes s e rrvrrseranns 78

IV.,3. fortran Prograw For Losd FioWeeeeosarsae 82

CHAPTIER V
EVALUATIO.. CF THE LOSS #CRUULA COnHEICIENTS,.. 89
v.l. G@LJ&I‘H]_.............-.........a.-......-. 89
V,2, Refersuce Bus & :HAypothetlczl Lo=d Point,. 90
V‘5. :{:.fBI‘ehC& Fr?‘.mesiooo-qoo'.-.-boo-oupu.o.- 90
Vode Lefinition and Physicel Sigulificance of
Bml] CoeffiCi:i]t........O......'.......l
Va3e Criculatiug frocedure of The Loss
J}‘Dllrd'\lla Caeifici;—;l:lts..l........9".'...-. 103

AO Systufh Of hvf‘)rVAU?.qulaoocuolloil‘ 104
:L;. (J::LID Ar‘:«'\’i O:E ‘JPDI..C.II..'III'I.C.I.' 112

V.0s Fortren Prograw for Gsleulabion of B
CDufflClbnt..--.--oo--.‘-t-tonunoolvuuctn 123

QHAPTER VI
GELHFE{AL'I(A:N SGP@ULH;GQ-..o-o-oo-c-ouola-orlno- 151
—V_I.l..’:""'-ﬂl.){qct Li@'ﬁhOd..........-.o..-n---a.-.... 131
c=dpproximete mothod Iuvolvi.g Linear
Dluulta EEARbIS) J‘-‘qulathLl..--..........-o-- 153
G- P Ll:i.lt‘j -E choxr “‘L‘-'Utlodooltilll‘lililil. 153

seuuduling of Thermal Geisraslon at
‘%OMT‘;;.U.I..I.I‘iCC.I......I....I‘...... 141

Vi, 2s Hortran Frograu ﬂu* Fenerstlow.
weheduling using Yeoordinstion equation.., 143

Central Library - Ain Shams University



=T

O CAALO T8 ¥ B O e erevsarmara 147
APPENDIK Yool v v nvv s e e 50
APPELIX 2owuevvnn 153
APPEUTIX P uve wwaconeosassssnsstssassresoctoreess 156
LPPEDIX “eveosaesnavscansasssnsssnrarossansere 161
APPEIDIX Deevecosssavsantoscagcsarsnsssssessavsvs 1ok
R FEREICES et eanssssvetssncasrasssaassrorsesssense 1a5

ARABIC SUMMARY.

Central Library - Ain Shams University



INTRODTGTION

The continuaily incressing demaund for electric power
has led toc the development of natural ressources at loca—-
tions that are often far removed frowm load centers, Utili-
zation of these resources 1is coordinated with economic and
reliability considerations, The prime function of a
nodern power system is to satisfy the system load demand
at the lowest practical cost. An important consideration
in the economic appraisal of bulk power transmission
is the sttendent power transmission losses. The system
planners view transwmission losses as an integral part of
the economic evaluation of alternate transmission pro-
posals, These responsiblities for the operation of the
power system are faced with the problem of minimizing
the overall costs of oparating the system concleved by

the planner.

Thie thesis is %o study the analytical and mathe-
matical simulation techaigues by which transmission
losses c¢sn be incorporated in the optinmum operation of

the systemn,

In the continuous scheduling of the system generw-

ation, optimur operation is obtained wien the incremental
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c08t of the received power u%t the systenm load is the
same Irom each source in the system, This condition
requires the coordinagtion ef the incremental power
production costs and the incremental transmission
losses and it is therefore convenient to represent
the system transmission losses as s function of the
generstor power out-puts, 4 practical mathematical
approach of the form shown in equation (1) was first

represented by E.B. Georg'l) in 1943,

P

T, Total transmission losses

N

2

_ 2 2 2
~BllPl+322P2+B53P5+ ooo.olo.-oc‘"BnnPn

+aBlZPlP2+2.El5 Pl P3+ L I K N Y )

or in summation form:

: £.2 ﬁ 1 - 5 & - - . £
PL Hln:m anPﬂ' o s @ . LIS L A NN
where
Poy £, = Generator power outputs.
an = Transclsaion-loss—formula coefficients.,

Central Library - Ain Shams University

(1)

(¢2)



o= Mutusl lose formula coefileiesnts between con-

stant i0ad znd generabor compounents,

Transmission losses calculated using this type of
formula can be readily used to determine optimum plant
loadiag schedules by coordinsting the incremental fuel
costs snd the incrementel transmission losses or by
modification of the incremental fuel costs by the use of

plant penalty factors.

The basic systen data required in the analysis of

the economic scheduling of system generation is:

1- Blectrical-System Data
a~ Impedance diagram of transmission and sub-
transmission facilitles whose Lloeses are dependent upon

the manner in which generstion is scheduled,

b- Daily load cycles for typical week's operation,

c—~ Load duraticn curve for periocd of speration %o
be coansidered. This curve is reguirsd in the determina-—~
tion of the annoual differences in production costs resul-
ting from different scheduling nethods,

d= Selection of base-case loadivg period and tab-
ulation of loads, voltages,and probsble generation

schedules and interconnections flows for base~case.

Central Library - Ain Shams University



aee Plaut oaltas

ga- hermai characteristics of uwnits and in partic-—
ular the incremental fuel rate datz on all units,

b— Coste cof fuel at various plants in millims per
millicn Btu,.

¢- Determination of straight-line eguations of

inerensntal production costs of various units,

An improved method for calculation of economic
load scheduling for multiplant power system was repre-—
sented by M.Y, Akhter(6>, 1967. The method proposed
uses exact penalty factors and loss formula coeffic~
ients, and teskes the total generation or load require-
ments directly as input in the designed digital computer
progrem, Other algorithms are proposed (PSCC, 1972)

and realired on digital computer.

ilowever, some companies have built boards with
fixed resistors permenantly connected to represent thelir
own systews and intercounsctions with neighbouring
systens. The particular acvantage of the calculating
board over the digital computer is that the board
closely simulates the physical network, the loads and
the sources,and so alds the engineer in preceiving the

actual system., The reading obtained from the instruments
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0f the nogrd acd rererded manuslly v the 3y9bsr digg—
ram are 10 o form more descriptive o most engineers

than are the tabulsted data printed by the machins.

At the same time digital computer furnishes a
flexible and accurate method of taking inte account the
various and rapidly changing systen conditions in the
plant and on the transmission system. This results in
putting the computers(on line) to issue instructions to
the various plants to adjust their outputs at regular
intervals to secure economical operation in accordance

with the system requirements.

However, in power systems for which interconnec—
tion transaction ars not frequent and for which the fuel
costs across the system vary together precelculated
schedules are applicable. These schedules are amlsp used
in system not equipped with (on line) computers., The
clgssical methods of network snalysis on digital com-
puter, particulsrly where meshed networks are concerned,
are very time consumning and need a developed program
library. On the other hand; network anazlyzer measSurs—
ments supply the correct answers in a pinimum of time
and; by sultably manipulating the disposable parameters;

these casn be optimized for a given problem. The network
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