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ABSTRACT

ECDnDmicDperatiDn Df pDwer plants in a ~arge. {Hte~~~ted. - .'.
system invoives the prDblem of.detnrmining the demands on the

individual generating station for a. given. received load SD as.
to achieve mini~u~ fuel cost as well as minimu~transmission

losses. To express th.iitotal transmission l:osses. as a function

of plant loadings requires the calculation of the transmission
line loss co-effiti.entf? or B-coefficiants which are constant for
a certain range. of load' variation.

The present (1980) system and future (1982-83) projected
system network of the Western Grip of,Bangladesh POwer Development
Board with three generating plants end thirteen major load centers
and with five generating plants and eighteen major load centers
respectively W8rc considered to be the basis of the study.

LOad-flow solutions of the systems with peak and off peak
lo~d conditions were performed to determine the voltage magnitudes
liIith their associatEd ang18s at the variou s buses a~d the real
and reactive power flows between th" buses.' The systems were

simulated on an IBM-370 digital computer to determine the loss
fOrmula coefficients matrix, and hence to obt.ain transmission
losses in terms of plants outputs. Computer programmes were
developed .for load flow studies as well as for B-coefficients

matrix solution using the Gauss-Seidel iterative technique.

On the basis of input vs. DUtput and incremental fuel
cost vs. output curves of the piants under consideration, optimum
generation schedules were obtained for cases (i) neglecting

and (ii) including the transmission losses in scheduling formu~
lations. It was observed that a considerable economy in terms

'- . _'~ . I'"

of money could be achieved in. the t:BSi3 of g,meration scheduling
by considering the transmission 10ss8s over .that when the losse",
are neglected and also over .a.nyci'ther arbitrary methods of
~8neration scheduling.
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CHAPTeR""l.

IIHRO DUCTIOI~

1.1 GEI~ERAL

In any system in the present world, much efforts are

expended to achieve e high ratio of return (output) to capital

(direct or indirect) investment. For a power system to return a

profit on the capital invested, proper operation is very impor-

tent. Rates fixed by reguletory bodies and the importance of

conservation of fossil fuels place extreme pressure on power

authorities to ensure maximum efficiency of operation and to

improve the efficiencY continually. This is necessary in'order

to maintain a reasonable relation between the price per unit of

electrical energy (kwhr) charged to the .consumer and the cost

incurred by the power authority in delivering that unit of

electrical energy (kwhr) in the foce of constontly rising prices

of fuel, labour, supplies, and maintenance.

Economic scheduling of power plants in an integrated

power system presents a compiex problem to the !power system

engineer. fhis is the problem of determining the demand on the

individual generator for a given received load in order to

achieve minimum fuel cost as well as minimum transmission losses.

Much effort has so far been expended in the analysis of

system it is necess~ry to consider not only the incremental

fuel cost but also the co,st'.'bftransmission losses for optimum,

incremental fuel costs (1) However, in an integrated power

economy. Although the incremental fuel cost at one plant may be
•
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~,
1>lower than that at another tJian~ for a givf~n :distribtlt-f'6n or-" 'ldad \i-

between them. the plant with IDwer incromontal {GEl1' costniay be

SD distant frDm the system IDad centre that th~ ~o~blting ~r~ns-

mission losses dictate, lowering the load at that plant with the

higher incremental cost. The co-ordination of incremental .fuel

cost and incremental transmissiDn ~Dssesresults in a consider-. '. , ',_.",

able amount of economy in terms Df fuel savings,

In a complicated system, it becomes tOD labDriDus to

determine the currents (I). in the various branches and to make a

summation of the rZR( PDw8t) 'lDsses of the whDle system, In fact,

if the system losGes for many different generating conditiDns

are required, the c~lculatidn involved in the summation .methDd

become prectically prohibitive, It, th'ereforf;. become's necessary

to develop an expression for the ,total transmission loss as a

function of plant loading in any problem involving the e.t:6nomic

scheduling of pL,nt gc-neretion in an integreted power system,

1.2 LITLRATUREREVIEWONMETHODSOF CA~CULATINGB-COEFFICIENTS

A transmission loss formula expressing the total trans.'

mission losses in terms of source powers was first prosented

by E,E, George( Z} in 1943, The formula was of the following
/

fo rm:

PL = to.tal transmission losses'
• . , r-

Z 2 B33P3
2 2= BllPl + BZZPZ + + ..... + B Pnr. ~n !. •

)-

L
0.

Pm Bmn Po. l' , • (l,l)
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where

Pm"' P n = SOUreD powers,

Bmn = transmission line-lass-formula coefficients

(usually transmission line loss coefficients are called

"B-coefficient" h ThC','determination of thO) B coefficients wasmn
based on a longhand procedure, which required two to three weeks

work by two men for EJ syst8ln of eight to ten generators.

The application of. 'tho network analyzer to de.termine a

similar loss formule was developed lat8r by ~Jard. Eaton and

Hale.( 3 )of Purdue University and published in 1950.

At the 19'51 AlEE' summer' convention. G. Kron; in ,co.nj.unction

with G.w. Stagg and~.K. Kirchm~yer, presented companion papers

(4, 5) which describ,ed an impro ved mothod of deriving a total

transmission loss formula requiring considerably less network

analyzer measurements and arithmatic calculations. Reference 4,

in addition. evalur;ted the discrepancies introduc8C1 by the

assumptions made in obtaining a loss formu18 .•

The application of automatic digital computers to calculate

a loss formula was presented by A'.F. Glimn. R. Habermann. Jr.,

L.K. Kirchmayer; and G.W. Stagg in 1953 (6).

W.R. Brown18ss (71 indicated a m8thod of ,,'xpressing

transmission l~sses in terms of generato; voltages and angles

and the X/R ratios of tho trensmi'ssion ci'rcuits.'

-The first major step in'th'e development of corordinating

incremental fuel costs and incremental' transmission losses was

presented in 1949 by E.E. George., H.,J. Pag"" and J.•B. Ward" s)

c

nI ;
I
(

,
r

"\

(I
I '. ,
I, ,-.

,

~'-.,:r"
''/ "' .

.:",
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'j:

in their .use o( the network a'nalyzer to prepare predicte.d plant

",', 1':

lo'ading sch~dules for a large power system. At the same time.

the electrical,engin'Elering staff of the Ameri'can'.Gas .and .Electric
f.: "j,

Service Corporation, iJlso with th8 aid of"the network analyzer,

developed a method of modifying theincretnental fuel costs of

,the variou s plants on an incremental slid" rule in order to

account for transmission lossea. Next, thlo American Gas and

llectric Service Corporation, in ~oo~er8~ion with the General

Electric Company, successfully 'employed transmission loss formulas

and punched card machines for the preparation of penalty factor

charts .to be used in the economic scheduling of generation ( 9 ).

The incremental production cost of a given plant multiplied by

..
'('"
~-',;

the penalty factor for that plant gave tho incromental cost of

power delivered to the system load from that plant. Optimum

economy, with the effect of transmission losses considered, was

obtained when incremental cost of deliv<o'red powGr was the same

from all sources.

In 1952, L.K. Kirchmay8r, and G.,']', St'3gg (l0) presented

(i) a mathematical analysis of various mDthods of coordinating

incremental fuel costs and in~rem8ntal transmission losses, (ii)

an eval~ation of errors introduced in optimum system operation

by assumptions involved in det".rmining a loss formula, and (iii)

an evaluation of the savings to be obtainad by co-ordinating
I

incremental fuol costs ond 'increment."l trAnsmission losses.

Progress in the analysis of the> economic oporation of a
...' :~

combined thermal and hYdro-electri'c' po\.;er -system wes. r,c,p!=,.r,ted

by ~j.G, Chandler, P,L, Dandeno, .. A,'F, Glimn, 6nd L.K, Kirchmayer111')",
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,
An iterativG,'in8thod of calculatingOg2neration schedules'

suitable for tho USB of a high-spood automatic digital co~puter

has be0m doscribod by A.F. Giimn, R~ Habermann; Jr., L.K.,

KirchmaYlJr, '"nd ~1.W. fhom2S ( 12 ). For a given total load. the,

computer calculates and tabulates incremental cost of recei,ved

power; total tCransmission 105585, total fucd input, penalty

factors, and reccived lo~d; along with ths allocatiori and summa-

tion of generation.

Early, in 1955; the f\merican Gas clnd EIGctric Servic8

Corporation installed an incremental transmission loss computer

for the use of the system load dispatchor (13,1<:1 ). This comput8r

calculated incremental trGnsmission losses and penalty factors

for various system operating conditions. The coordinated opera-

tion of this computer and an incremental slide rule fUrnished

a flexibl'i' and accur"te method of taking into account the,chan-

ging conditions ,in the plant and in tho transmission system.

1\ di'git81. computer method for dir"ct calculation' of ,loss

formulee coeffici8nts ",cs prcosent",d by'L.K. Kirchmayer, H. H'8pp,

G.W; Stagg,J.F. Hohenstein (15) in 1960 which offered signifi-

cant improvements over previous methods 'with respect to costs

and data handling. ,In addition, improved accuracy was obtained

by automatic determincltion of reactive output characteristics

of generi'ltors (s-factors) • This metho.d utilized fully. the unique
_.~_.-

capabilities of digital computers i:ind dirsctly determined ,the _,

impedances b.etwe"n the source~ and hypothetical lOCld and projec"',

ted these impedances to los's formulae coefficients,



6

" direct method for construction of loss formulas for

systems containing off-nominal auto-transformers was presented

by the same authors (16) in 1964. A,nother sigrilfi~ant improvement

realized through this method was a reduction in computer time,

compared to that required previously.

tin, improved method of determining loss-formulae coefficients
"

and'hence the increment~l transmission loss fector from power

syst8m admittances end voltages develoJed by E.F Hill :)nd W.D. r;
5tevension Jr. (17 :}was publish8d in June 1968. In the same

year another suggestion that came'from the same authors for

finding the transmission loss-coefficients was to determine the

second partial derivativc of the suste", losses with respect to

plant outputs (18 ).,

The first published work on the construction 0 f loss-

formulae f:or the E:astern Grid of Bangl,~,d6sh Power Development

Board (BPDB) was undeTt,'1ken by B.B. 5aha (19) in 1972. He used

a G.E.A.C. network analyzer to solve the transmission loss-matrix

(B-mBtrix), but his method was subject to the inherent limitations

at such analogue techniques.

In the year 1973; load flow studies (which are required

in the determination of B-coefficients) in electrical networks

was underltak ,m by iI. N.M. 5adrul Ula (27) u sing FORTRAN II lan-

"

guage on an IBM 1620 digital computer,'

In tha year 1975;, a digital me,thcd of calculating the

B-mat,rix for the E",stern Grid of BPDB vlSS investigated by A,~I.M,

Khan (20 )by considGring a simplified version of the system with



-7

four gererating plants and eight mAjor .10Eldcen,t,rcs. Ar iIBM360

computer was used Elnd the programme was developed in FORTRANIV

languags.

The preceding summary and refer8rl~es irs obviously not

complete but they ':lre intended to incllid e much of the significant

d8velopmen~s to dElte.

1.3 SCOPEOF THE PRESENTTHESIS

The scope of this thesis include! the thoory and practical

applications in determining the transmi ssion 10 Ss formulae co-

8fficients for the Western-Grid of BancL3desh Power D6velopment

Board (BPDB) using a high sp8ed digiti'll comput2r, and in the

determination of the optimum generatior schedules for the gen8ra~

ting plants of the SClmcsystem. To b.3 rrorB specific, it involves.;

1. Determination of the: l03d-flo",'s in vClrious lines of

the present (1980) and future expansion (including the

East-West interconnector in tre Y8.Elr1982-83) system

by digital computGr.

2. Det8rmination of B-coefficients for the systems with

the help of a digital computer.

3. Determination <;' f ;roactive characteristics( s-fClctors)

of .the. various plants under investigation.

4. Det,nminetion 0 foptimum schedJling of generation for

the g,mcrating. pl",rits( 1980) u,d,ox consideration for

different val.uos of received load.

5. Evaluation of the savings made by such~h ~ptimum

scheduling of g8neration~



1.4 SUMMfrRY

Chapter 1 prcoscnts, g8neral c>ppro2ch for determining B-

coefficients, lit8r"ture rEview 'lnd scope of thE thesis.

Chapter 2 presents. as ,2 brief introduction, the develop-

ment of an c;fficient load-flow (Gauss-Seidcl iter"tive method)

programm~ and its 2pplication to d[)t"rminl' the; unknown voltag'~'s

will their ossoci"ted angles at each bus 2nd power-flow (real

and reactive) in Various linGS l?f the systems.

Chapter 3 discusses, the basic principles for calculating

the transmission lossiJsof a system in terms of the .sourc"

loading and th" B-coofficicnts. Th'is chapter also covers the

development of an efficicnt programm" for Clutomatic dotermination

of th'3 B-coefficients for tho WCstern r;rid of BPDB c,nd for the

determination of the rC2ctive chAracte::istics of VArious plants

during the course of calcul~ting B-coefficients.

Chapter 4 presents." mothematic analysis of th~ various

methods of coordin,:,ting increment"l fUGl cost and incremental

transmission losses to pr8pAre ,In optimum scheduling of gioneratio"n.

Chapter 5 evaluates,the annuai s2vings made under the most

economic scheduling and compares the r8sult with financial losses

due to arbitrary scheduling.

Conclusions of the study arc presented in Chapter 6 which

also includes a few suggestions for pOssible future extension \

of the work.
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CHhPTER-2.

LOAD FLOW STUDY

2.1 INTRODUCTION

A load flow study is the determi,'ation of the voltage;

current, power, and power factor or reactive pdWer ~t ~~tidUs

points in an electric network under BXlsting or contemplated

condititions of normal operation. Load ..flow studies areJ ossehtiai

in planning the future development of ~hB system because satii~

fa~tory operation of the system depends on knowing the effects of

interconnections with other power syst"ms; of new loads, new

generating stations; and new transmissjon lines befora they are
installed.

;,s a matter of practical interest: on the dc:t'Jrminationof

transmission line loss coefficients (B-.ceefficients) by digital

computer, the transmission network of the Western-Grid of BPDB

has been c6risidered. The above study requires all load-flow data

and results; s~ the author has taken a step to develop an effi-

cient load~flow (Gauss-Seidel Iterativic j"18thod)programme for

the existing (l980) system and the system that may exist in the

year 1982-83, including the East~W8st interconnector. A hypothe-

ticai 60 MW generating unit at Tongi hes besn considered only to

export energy from Eastern-Grid to the Western-Grid. T~8 Power

D8velopment iluthority Of Bsnglad;3sh, sU:Jplied necessary data;

such as; the transmission system config~ration; line parameters,

data of transformers and generators as well as projected load
conditions upto 1983. '.
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2.2 DATA FOR LOAD~FLOW STUDY

Either the bus self and mutual admittancos which compose

the bus admittance, matrix. Ybus or the driving point and transfer

impedances which compose Zb may be u3ed in solving the load-
us.

flow problem. vJo have confined Our study to methods using admi-

ttahcei: The starting point in obtaining the data which must be

furnished to the computer is the one-lino diagram of the system.

Values of sterl.ss impedances and shunt "dmittances of transmission

lines are nscessary so that the computer can determine all the

Y 01:' Z clements. Other essential information includes
bu s bu s

transformer ratings and impedances, Shl nt capacitor ratings and

transformer tap settings.

,The quantities associated with a node or bus in any power

network are:

1. Voltage magnitude, V

2. The ph3s" angle, S, r"lativc" to the ph"s.c angle of

a rl::;ferenco bus

3. Net real power generation. P

4. Net raactivc power generation, Q

Of the four quantities any two are the known quantities

along with the configuration and circuit parameters of the power

network.

Normally three types 0 f nodes or buses er'e enocuntered in

a load flow study (24.27.3;:». It is neC'3ssary 'to"'s~lect.ione bus,

called the swing Or slack bus, to provide the additional real

and reactive power to supply the transmission losses, since these

~•
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are unknown until the final result is obtain8d. lit this bus bbth.. ". .

voltage magTritud~" (V)....ac/1dnph.a.s~;..-an.g'i"'. (s) are sped.fied. Iie",l'.

po,,;ier (P) ,'ind rtJactiv8 power (Q). at this b'us ..ar.t:3do.termi.oeo by

the cbmpUt~t as p6rt of th~ solut~6n. The rGmaining buses are
designet8d <either es volt"ge controlled bUses Or load buses. The

real power (P) and voltage; magnitude (V) ,HC specified,' at a

voltage coritroll~d bUI~ T~e r8al (P) and ruact{vo (0) pOWers are

specifi8d iit a load bus; Theta :i.E;anothccr type of bus called the

passive bus which has h'eithcr load nor gsnGrator. Thsse buses

are usually treated 2S load busos with both P and Q equal td zero;

The load flow problem requires that the pair of unknown

quantities at each bus be found. When ,]11 the unknown pBirs.

particularly th8 unknown voltages and ph.osi.' angles are found;

then the currents, real and reactive pcwer flows, and losses in

th8 various lines can be ascertained.

Netwbrk connections are described by using code numbers

assigned to 8ach bus, These numbers spDcify the; terminals of

transmission lines and transform,:rs .. Code numbc:rs ere used also

to identify th" typeE; of buses, the; location of stetic capacitors,

shunt reactors, and those olements in "Ihich off-nominal turns

ratios of transformers arc to b 0 reprssentod.

Tho mathematical formulation of the load-flow problem

results in a system of algebraic nonlinear oquations. As the

number of u'nknowns are large and the nonlini;;arity in tho equations

makeitimpracticablo to usc any direct method. such as GaussJ.ah

elemination (33) method or Cramer's rule (34) involving determinan,ts.

Iterativo techniques are the only altornativo and are of special
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help because df largo hu;';b~r 'bf Zero D1emoritS in the nodal equa-

tib~~ of the P~W2r n8t~6tk~ the ~olution mu'i ~Elti~fy ~irchhoff's

Law~j i.e tho ~lgebraic ~u~ of ail flows at a bus mb~t equal zero,

and ine algetiboic sum of aii voltages in a loop must equi'll zero.

One or the other of thc's8 laws is uSied as a tosi for convergence

of the solution in the iterative computational mEthod. The author

has used GEiuss~:ic.idol it<crative(27) m6thod (Appendix-r,(l)) for

the riumerical solution of a!gobraic equations describing the

power system for load flow problem.

2,3 DERlVAT10N.OFTHENODALEQUATIONS

The complexity of obtaining a formal solution for load-flow

in a pOWEr system aris8s because of th" differences in the type

of datd specified for the different kinds of buses. ';lthough the

formulation of sufficient equations is not difficult, the closed

form of solution is not practical. Digital solution of the load-

flow problems we shell consid':;r f~llow an iterative process by

assighing ostimated values to the unknown bus voltages and calcu-

lating a new valua for each bus voltage from th8 cstimated val'ue-s-~-',

at the other buses and thu real and reactivo power specified.

Ii new set of values for vol tag'" is thus obtained for each bus

and 'is used to calculatu still another SGt of bus voltages. 'Each

calcu'lation of a new sut of voltages is callod an iteration

(Appendix-A}. The iturative process is repected until the

differonce betw.e8n successivo it"ration at each bus is less thah

a sp eci fi,ed minimum vEllue.



bus system and write the gencr~l equat~.ons later. With the swing

•

13

We shall DxaminG first the solute_on based on expressing the

voltage of a bu.s as. a function of th,] real and reactiv[,: pow.er

delivered to the bus from genGrators 0:0 supplied to the load

connected to that busj the sstimated 0- previously cBlc81ated

vol tages at the oth er buseSj and th e s.,l f and mLi'tual' admi ttances

of the nodes •. We shall d8rive .the node equations (32}.for a four-
II
'I:
I" .'" { :
: I"bus designated as number 1, computatior;. starts with bus 2'. If P2'.; ii,..,

and Q2 are the scheduled real and r"ac-;ive power entering the. Ii

system at bus 2j \

from which 12 is Gxprcssod as

( 2.2)

and in terms o.f self arcJ mutual admittanc,~s of the nodej with

generators and loads omitted since the current into ~achnode

is expressed (32) asin oqn. (2.2);

P
2 - jQ212 = Y2lVl+Y22V2+Y23V3+Y24V4V* =

2

solving for V2 gi ves

-L P2 - jQ2V2 =
Y22

( - (Y2lVl+Y23V3+Y24V4))V -*
2

...

...

(2.3)

Equation (2.4) givGS ",.corrocted value for V2 based upon scheduled

P2 and Q2 whsn the velu,"s Gstimated ori]inally are substituted

for the voltage expressions on the right hand side of the equation.
! 'i

- ; If

[,-',
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The calculated value for V2 and the e~timatod'value f6rV~ will

not agree, By suiJstitLting the conjugot'J of the caicul'ated vaTlH,..

of V2 for V2i< in Eqn, (2.4) to calculetad another v~l~~ for V
2

,

agreement would be reachad to a ~ood degree of accuracy after

several iterations and would be the ccrract value for V2 with

estimated voltages and without regard to power at the other

buse's; This value would not b" the' solution for 'V2 for the

specific load-flow conditions, hOvJ8ver, because the voltages

upon which this calculation for Vz depends are the ostimated

values at the other buses and the actual voltages are not yet

known, Two successive calculations 0 f V2 (the' second being the

first "xcept for th8 corr8ction 0 f Vz~) ara recommended at each

bus before proceeding to the next one,

,'s the corrGcted voltage is found at each bus, it is used

in calculating th8 corrcctGd voltage at the n5xt, The prOCfcSS r~

is Dr8peated at s"ch bus consecutively throughout the networ!D\,ol>t,
oo! S~
r Or

(except at the swing bus) to complete th~ first iteration, Then

,the entire process is carried out again and again until the

amount of correction in voltage at ovary bus is less than some

predat8rmined procision index,

This process of solving lineAr alg',braic equations is known <;

as the Gauss-Ssidel itorative m8thod ('ppondix-A(l) 1. If the same

set of voltage valu os is used', througholJ"t the complete itr?ration

(instead of immediately substituting el,ch new value obtained to

calculate the voltage at the next bu.)

the Gauss iterat~ve meth6rl.

tho proce.s' is called

~-. i'i,

\ "
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Convergdnco (Appendix-A(2)) upon an erroneous solution may

dccu~ if the original volteges are widely different from the

corrcct values; Crronoou s convergence is usu.slly avoided if the

original valu8s arc 0 f rcpsonEible magnitude and' do not differ
"

too widely in phase. i\ny unwanted solution isusuEilly' detected

(32) easily by inspection of the results sinc8 the voltages of

the system do not normCllly hewe a rang" in phrJse wider than

450 and the differcnce betwecn neorby ~uscs is less than about

100 and ft 11are 0 en very sma •

The resl.snd rcactive power at SlY bus K is givsn by:

... (2.5)

where Pk is the real' power c,t thl? bus k; Ok is the reactive

power at the bus k;, Vk and Ik arc thee I/oltagee and current at

the bus k; end Vk-l<is the compl,8x conjugate of Vk'

For a total of I'j bus8s the CUrrGnt at the bus k can also

be expressed (27;32) i'nterms of admittanccs and voltages of

the adjacent buses n 8S given by:

N
Ik = L YknV ( 2,.,6)n ... . .,'.

n-l
N

or Ik = Ykk Vk + L YknVn ., -. -. • ,j • (2.6)
n=l

n,lk

where Ykn ~ Gk~ + jBkn = mutual admittilnce between bus k and

bus n(G b~ing the conductanc~ and B ~e~ng the susceptance); and

Ykk = Gkk + jBkk = self admittance of bus k that is sum of the

admittances of all branches 'te'rrriinating at bus k.

Q,



16

Equation (2.6) can be rewritten ~s:

( 2.7)

Combining equations (2.5) and (2,7)

N
;" Y'<nVn)
'r)=l

n,ik

" .....

Substituting the real and imaginary conponants of the admittances

and expanding (27) different termB. th, above expression becomes:

= RLl ( k)Vk
'I- j RL 2 (' k) _

V *k

N> (YUCk. n)+jYL2( k. nJ) Vnn=l ,

n;ik

(2.8)

where RLl (k) = PkGl(k) - ClkBl(k) •

RL.2(k ) = '- C)kGl( k) - Pk B1 ( k ).

YL1(k.n) = GknGl(k) + BknBl( k) '.

YL2 ( k, n) = BknGl(k) - GknBl(k).

Gl ( k) 2 2and = Gkk/(Gkk + Bkk) ,

Bi(k) 2 2= Bkk/(Gkk + Bkk ).

•
Substituting the raal and imaginary components of the voltages

and solving for raal and imaginary terms. the above expression

(20.27.28) becomes:

ER(k) = RL1(k)ER(k)- RL2(k) EI(k)
ER(k12,+ £1(K)2 ,"

N
- ~ (YLl( k. n) ER( n)- -YL2( k,.n)EI( nJ)
-n=l

n;ik
'. -. '.

~,;'. '
:,. ,:t'
(,2, 9)' \II' V
V
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EI(k) = RL2(k)ER(k) + RL1Ik) EIlk)
ER(k)2 + tI(k)2

N,-.;:,--
L IYL2(k,n)ER(n) + YLllk.n)EIln)) ( 2.10)

where tR( k) and El( k) are respectively the real and imaginary

components of the voltage at bus k.

The above two equations are solved by Gauss-Seidel iterative

metho d.

The linB flows arB obtained (28; 32) from the equation

where Y(k,L) is the line admittance

charging admittance.

2.4 DESCRIPTION OF THE,SYSTEM

Due to the barrier presentad by th e wide flowing Brahmaputra-

Jamuna rivBr, Bangladesh Electricity system has to be developed

in two main ~eparate parts, East and wast Zones. However; B~ngladesh

Power Development Board (BPPB) has recently ent~red into a contract

to construct a 230 KV doub1e-circuitin~erconne~tor to link the

two zones. Construction work of this project hes already been n"_-c
taken up and,is expected to lJe completed by 1982-83. The

will, however. be energi7ed (36) initi 311y at 132 KV with

lines." ;' r,
1_;' )

10 adil1g,,

.'., .:_,

for the stLidy 'is the"existir)g',,(198o)

capacity of 35D M\'Iand about 500 r~w wh,m en'ergized on 230"KV.

The system .cho ~en
r,:
'1.\Westetn-Gridof,BPDB with the exception of a few radial feeders '.r\

V
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and with the inclusion of some immediate future expansion' schemes.

in the year 1982-83 including th'8 initi:.al(132 KV) East-vl8st

interconnector, which is expbcted to import 189 GWH of energy
from the las't:-Lone,

The main generating station is located at Goalpara naar

khulna town at the sourth of the zone. The total installed capacity

of the plants comprises of a mixture of steam, diesel and gas

turbine driven generators. The staam p:ant uses furnace oil as

fuel whBrBas the gas turbines run on naptha or diesel and the

diesrH sngines on diasel distillate. ThesBcond major power

station is located at Bheramara about 90 miles north of Khulna

where two units of 20 ~JIWgas turbine generators are installed.

This station burns H,5,D as fuel. 5mall. diesel stations of

various sizas are located at 5aidpur aC'dBarisal (isolated),

The total available capacity of west Zone at present (1980)

~s 140 MW. At Goalpara one 2x28 MW(G.T) and another lx110 MW

(steam) stations are now under construction and expected to be

completed by June 1980 and June 1982 respectively.

The 132 KV grid runs from Khulna in the iouth for almost

the whole length (300 miles) of the West Zone to Thakurgaon in

the r~orth, I'"romGoalpara to the I~orth is presently a single

circuit but work is proceeding on the construction of a second

circuit upto Ishurdi, 5econd circuit extention upto 5aidpur will

be taken up during the second' f:L'lie-yearplan period and upto

Thakurgaon at a lat~r stage, Wdrk is also pro~eeding to complete

the grid in Khulna-B~gerhat-Barisal section~in ihbsouth of the

zone (total of 510 miles), The details of existing' installed
~' .•
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plants and transmission ii'~;es in' this zon'e and' details of the

future (1982-83)

2.2 respectively.

extensibn programmes ar~ shown in Fig. 2.1 and
«

,. .
2.5 FEATURESOF THE COMPUTERPROGRAMME

Large-scala load-flow computer programmes incorporate many

automatic features to facilitate their use in power~ystem"pla-

nning; operating and interconnection studies., The princip'al

obj ecti,ves of these features,ra "to make maximum use of the

computer's capability and to minimize the number of manual

operations required by the engineer in specifying and maintain-

ing system data for the initial and subsequent load-flow cases.

The programme was developed in FORTRANIV language incor-

porating the theory developed in the previous sections for

running with the IBM 370 computer available at the Computer

Centre, BUET.

The programme starts with the input data"reading of'the

total number of buses in the system, vallie' of the accelerating

factor to be used with the real and reactive componen~s of ~he

voltages', value of the tolerance limit to be reached and the

~aximum number of iterations to be allowed.

The system connecting lines are, read in next. This is in

the form of an I~XNmatrix (where N is the total number of buses)

having as elements either zero or one. One represents a connec-

, .

ting line between two buses and zero represents no connectio~ .

between them. At every calculation step; the computer compare~
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the two concerned buses against this n,atrix and if there is no

connection betweBn them. the calculation prQce8d~ to the next

bus, thus saving an enormou s amount of computer time as veory

few buses havB intsrconnGcting lin8s be'twGBn them. This matrix

also halps in huge savings of computer storagE> by :r::eading-in the

line parameters-resistance. reactance and line charging reactance

(shunt susceptance), and calculating and storing only the nonzaro

elemants of conductance, su.sceptancl3 2nd line charging susceptanca.

Next input data are the re~l and reactive power generated

at the generator bus and the real and reactive parts of loads
at

demand/each bus. Voltage magnitude of the swing-bus is then

specified and then initial voltages of all oth8r buses are

assumed. To p8rform as many operations as possibla before the

beginning of the iteration loop, some Joltage equation parameters

are calculated with tha help of input Jata. These calculated

values along with all or any of the pr}vious data COuld be

printed with appropriate captions. This provides an opportunity

for checking any errors in the reading-in,writing or formatting

of data. The programme upto this is pec-formed only once in any

load-flow problem and is never repeaterl.

The next part of the programme is the iterE1tive part.

For simplification, the real and react~ve components of voltages

are solved separately with the help .of equations (2.9) and (2.10).

Then the chan.ges in bus voltages from 1:he. pr.evious iteration

are calculated. Thebus voltages; ara Han rep.laced by the bus

voltage in the previous iteration plus the changes in bus voltage

multiplie~ by the acceleration factor. The real and reactive

\.

11
;,

_..~
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components of voltages are then tested against ~ predetexminad

precision index called tolerance" I f the change tis not 'within ....

this tolerance, the iteFationcount is advanced by one and the,

iteration portion is repeated again.

When the changes in voltage are within tolerance, the

number of iterations requirod .to converge the problem. and the

real and reactive parts of vpltoge along with the bus numbers

are printed.

Next, voltage magnitudes and ang~es associated with them

are calculatad and printed along with ~he bus numbers.

Then, the line flows are calcula~ed and real and reactive

power-flows along with bus numbers are printed,

2.6 RESULTS

The computer programme described in the lost section has

been used to find tho complete automatic load-flow solution 0 f

the Western-Grid of Bangladesh Power Development Board. Fig~.2.1

and 2.2 shows tho one-lin8 impedance diagrams of the systems for

1980 and 1982-83 respectively. The systems chosen contain present

and future projects of power stations and transmission lines.

Load flow studies were performed with 13 buses incl.uding 3 gene-

rator buses and 18 buses including 5 .generator buses for present

and future systems rospectively. For ccnvenience of the programmes

the genEirator buses werecod"id as bus number 1 to 3 and 1 to :6

respectively. In both the systems,' the Goalpara bus, designated

as bus number I, was considered as the swing bus an~ its voltage

_,J~
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TABU; : 2.1A
r'li,XI I'iUii (PEAK) LOAD CO~JDrnOf~
(FOR THE YEf,R 1980)

SPECr FED TER~Irl\j,iLCOND ITION 5 (P.U.)
EliSE f'IVA=; 100; EASEKy_"':.)32

Bus Voltage compononts POwer G8n,rated POwer Demand
No. R8al Rcaetiv8 Real Reactive RGal Reactive

(PG) (Q[j (PD) (QD)
1 1.05 0.0 0.84 0.6: ... 0.55 0.4125
2 1.0 O~O 0.40 0.3[ 0.11 0.0825
3 1.0 0.0 0,165 0.1<375 0.06 0.045
4 1.0 0.0 0.0 0.0 0.06 0.045
5 1.0 0.0 0.0 0.0 0~10 0.075
6 1.0 0.0 0.0 0.0 0.0.4 0.03
7 1.0 0.0 0.0' 0.0 0.06 0.045.
8 1.0 0.0 0.0 0.0 0.08 0.06
9 1.0 0.0 0.0 0.0 0.065 0.04875.
10 1.0 0.0 0.0 0.0 0.05 0.0375
11 1.0 0.0 0.0 0.0 0.06 0.045
12 1.0 0.0 0. .0 0.0 0.05 0.0375
12 1.0 0.0 0.0 0.0 0.08 0.06

o

,..
!': ••.
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•

MINIMUM (OFF-PEAK) LOAD Co~DITIoN
(mR THE Y'::,','1 1980)

SPECIFIED TERMIN,;L CONDI1IDNS (P.u.)
B~5~ MV~ = 100 ; B~5~ kv = 132

25

(

Bus
No.

VDl tag"
Real

CcllTlFdJnents

R ~2 cti \/8
POV.JGLG ~;.n:;.:ratGd
R1-3Ejl Reacti va
(PG) (OG)

PGWDr
Rcal

( P D)

D r,mClnd
Rcacti V8

( OD)

.1 1.05 O.C 0.588 0,441 0.385 0.28875

2 1.0 0.0 Ci.liG 0.30 0.077 0;05775

3 1.0 0.0 . ,C.1155 0'0.86625 0.042 0.0315•. - ".

4 1.0 0.0 [j.O 0.0 0,042 0,0315

5 1.0 0.0 0.0 0.0 0.078 0,0525

6 1,u' 0,0 0.0 0,0 0.028 ' 0.0210

7 1.0 0.0 0.0 0.0 0.042 0.0315

8 1.0 .0.0 0,0 {j • 0 0.056 0.042

9 1.0 0.0 0.0 0,0 0;0455 lJ.034125
10 1.0 0.0 0.0 !l,D 0,035 0.02625

11 1.0 0.0 0.0 c! ,.0 0,042 0.0315

12 1.0 0.0 0.0 D.O. 0.035 0.02625

1:3 1.0 ,0;0 0.0 0;0 0.056 0.042
: _.-.,
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.

"HBl E: 2.2B
.'

. Mll~HIUM (OFF-PEAK) lOrlD CO~:DITION
(FOR THE YEhR 1982-83)

SPECIFIED TER~IINhl CONDIT IOl~':i(P .U. )
B" SE MVA ~ 100; B'\SE KV = 1.32

Bus Vol tage compon"nts Power Gensrated Power Dem'3ndNo. Real R8active Real Reactive R8al Reactive(PG) (cG) (PD) (QD) :.,,
1 1.,05 0.0 2.SO 1.875 0;462 0.3465
2 1.0 0.0 0.60 0.45 0.091 0,06825
3 1.0 0.0 0.215 0.16125 0.0525 0.039375
4 1.0 0.0 0.255 0,19125 0.07 0,0525
5 1.0 0.0 0,60 0.45 0.00 0;0000
6 1.0 0.0 0.0 0.0 0.056 0.042
7 1.0 0.0 0.0 0.0 0.084 0.063

•8 1.0 0,0 0.0 0.0 0.035 .0.02625
9 1.0 0.0 0.0 0,0 0,049 0.03675
10 I,D 0.0 0,0 0.0 0.294 0.2205•..

:ri.11 I,D 0.0 0,0 0,0 0.0665 0.049875
12 1.0 0.0 0,0 0,.0 0.042 .0.0315
13 I,D 0.0 .0,0 .0,0 D ..056 .0.042
14 1.0 0.0 .0,0 0.0 0.056 .0,042
15 1.0 0.0 0.0 0.0 .0.0'77 0.05775
16 I,D 0.,0 0,0 0,0 0.028 0.021
17 1.0 0.0 0.0 0.0 0.0315 .0.0236.25
18 1.0 0.0 0,0 .0.0 O•.021 0.81575

'.
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. / 0magnitude was held constont at 1.05_0 P.u. Tho line parameters

consis~ing of resistance, reactance and line charging (shunt)

susceptancE are shown in the impc.,dance di~grams of Figs.2.1 and

2.2,. The terminal cClnditions specified by peak and off-peak

loading conditions arc given in Tables 2.1A and 2.1B and 2.2A

and 2'.2B respectively. ,

"The peak and off-peak load-flows wer" excecuted separately.

Complete load-flew results and voltage magnit~de with associated

angles are shown in Figs~ 2.3"\/2.38 anj 2.4;\/2.4B for present

and,future systems respectively.

Tolerance limit wos set at 0:0002 which is fairly good for

accuracy in the solution by Gauss-Seid31 it8rative method (28);'

The maximum numper of iteration was at 400. i\ number of accelera-

tion factors 1.4, 1.5; 1.6, 1.1; 1.85 vore given 2S input, but

the solution converged in 50/65 it8rat~ons with acceleration

factor of 1.6 for the present (1980) pc;ak/off-peak systems and

66/77 iterations with acceleration factor of 1.6 for the future

(1982-83) peak/off peak systems, respe:tively. (Time taken by

computer for the complet2 load-flow so,utions wor" noted as

2-03/2-06 and 2-11/2-14 seconds. respec~ively).

,
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CHt\PTi::B::1

TRI\N.5f'iI55ION q NE U~,5~,-@::;f!FI CJJ::,NJ;

3,1 INTRODUCTION

,For optimum sch~du1ing of g~n~~c~~Dn of en int~grBted power

system, the basic prop1Gm involved is 'he' dotcrmination of an

Gxpression for the transmission losses in turms of sGUrce loadings;

For this purpo!>:;, it is described tD p:,occed from a circuit in

which the various sources arc CJnn~ct8[ by an arbitrary transmi-

ssion network to the individual IDClds, as ShOW'l in Fig. 3.1, to

an'.,e,!,!uivalent circuit, as suggustcd in Fig. 3.2.

Transmission lassos (4) Df cigs. :.1 and 3.2 ar8to bo

identical and may bo express8d in th8 iollow~~g manner: ."

For Fig.

L
k

3.1
I 2

k ( transmi_ssiDn

parameters;

-tL'rms of line

(3.1)

where, PL = transmission less

Ik = scalar lin" currcont in linn k.

Rk = Resistance of l~no k

For Fig. 3,.,2,

P
m Ii' P (transmissic n 10 sso's in termsmn n

of SiJUrco f-OW8j ~\

where; P.• P - soures' Loading sm n
Bmn = Const:ants to bo dctarmj ned

(Loss~'formula co'-cfficj ant matrix)

In all au. dedUctions whieh fbl10', it 58 to be noted

is' indicated,.
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Thus E = Z Im mn n
n

Means E = L z
mk

Ikm
k=l

( 3.3)

will benoterl by reference frame numbers .usod by G.Kron (5).

The van.ous' steps involvccd in the derivation of loss formul.a.,e "'.
),,~.,.

The method of transformation bf Fig. 3,1 to 3.2; i. e. reference

frame 1 to 3 developed by Kron (5), is shown ~n Appendix-B(l),

In general; a reference frame denotes 'J given step in the network

analysis w"",n the variables ere chang]d from one set to another.

This change may be "hought of as a change in refaromce fr"ms.

We shall proceed directly from reforsnt:8 frame 3 '1:0 cal,culatio-n

of losses and transformation of gem" ra~;or currents to generator

powers.

3.2 DEVELOPMENT OF TRANSMISSION LOSS F[RMULAE

).2.1 Calculation of Losses

The real lo'sses in the equivalent circuit of Fig.3.8B and

equation (B-17) (shown in Appendix~B(l)) may be calculated as

follows:

.. (3.4)

where, E), 13; and Z) donate reference frame 3 quantities.

(3.5)
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Returning to tho general case in which tho number oj

SOurces = m, n we have

= (R +jX )(Id + jI )m-n m-n n qn

= Zm-n (Id + jI )"n qn

.. ( 3. 6)

Using equations (3.5) and (3.6) in equation (3.4) we have

PL = Real (I d -jI )(R + jX )IId +jI )m qm m-n m-n n qn
= Real (I -jI )(R I _ X Idm qm m-n dn m-n qn

+j(R I + X Id)lm-n qn m-n n

= Idm R Idn - Idm X I + I R I + I X Im-n m-n qn qm m-n qn qm m-n dn
r

= Idm R Idn + I R I - I X I + Idm X Im-n qm m-n qn dm m-n qn n-m qn

= I ,R' I + I R I - 21dm m-n dn qm m-n qn dm
X -Xm-n n-m

2
I
qn (3.7)

In caSD of quadratic fdrm such as PAP or Pj AjkPk in which

tho elements of P and 1\ "re ro'al numb'crs, the matrix A may be'

replaced by its symmetric part(~ + Atl/2. since the components
resulting

That is

from the sk ew-symm etric
(/\ - At)

P ----- p' =02

part reduce to zero ( 21) •

( 3.713)

H enc e we can wri tc 8quatio n ( 3, 7) as
R +R X -XPL Idm m-n ,n-m I 21 ' m-n n-m

Idn= 2 dn dm 2

of, Iqm
R + R'm-n n-m

2 I
qn

, "-: ..
( 3.B)

,'"
'I. )
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3.2.2 Transformation of Generator Curr3nts to Genorator POwers

Equation (3.8) expresses the transmission losses in terms

of generator currants. but the load disp8tcher customarily works

,in terms of powers. Hence it is nCJcessary for us to transform

equation (3.8) to ganerator poweTS so that our expression for

los''ses will be most useful. ThE' steps involved in proceeding

from':JenEirator currents to generator pClwers are described''';'s

reference frames 4; 5 and 6 by Kron (5). In this section we shall

proceed directly from rGf8rence frame 3 to rGferencE' frame 6.

We denote 8 as the angle of the voltage of generator mm

with respect to tho reference axis as shown in Fig. 3.3. The

reference axis is the common axis upon which all volteges and

currents have been projected in our work.

let P = r'oal power output of gener3tor mm

Qm - reactive power output of gen"rato r m

V = absolut8 vi31u (; of th e volta'3'3 of 9en" rator mm

From Fig. 3.3; it will be seen that

Idm =
_1_ (p Cos8 + Qm 5i n8 ) ( 3.9)V m m mm

I --L ( .,.P 5in8 Qm Cos8 ) ( 3.10) ~ 'C= +qm V m m m ..m .'S
•

of

constant = 5
m

To
Qm
Pm

That is

elimi.nate Qm 'as variable, it is assumed that the ratio

will remain a constant value 5m•

Qm =
p
m

.... (3.11)
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ThLis: equations (3,9) and( 3,10) may be written as

1
=V

m
( Cosa + 5 Si n8 ) P

m m m m ., (3.12)

I ,qm Sin8 + 5
m m Co s8 ) pm m

Substituting equations (3,12) and (3,13) into<Equation( 3,8).

we have

R +Rm-n n-m
2 IV (Cos8 +5 Sin8 ) Pn n n n n

+ P ...Lv (-Sin8 +5 Cos8 )
m' m m mm

R +Rm-n. :l-m
Z -VI (-Sin8n+S Cos8 ) P~,:t,

n n n.,IIn '

+2P
m

I'V' Cos8m
m

x -X
5 5, ) m- n n-m 1 ( 5' + 5 CosS ) P+ ~n8 2 -. - - ~n8m m Vn n n n n

; P v1v (Cos8 CosS +5 COS8 Sin8 +5 Sin8 CosS +5 5 Sin8 Sin8 )m. m n n m -, m m n mn m nm n

R +R
m-n n-m)p' p

Z n + m V1V(Sins iin8 -5 Sin8 CosS -5 CosS ,m n n m n m mm n

Sin8 + 5 5 Cos8 Cos8 ) (
n m n ,m n

R + Rm-n n-m
Z

p
n

1
+ ZP -V V (-Cos8m SinS +5 Cos8 COs8 - 5 Sin8 Sinsm mn n n ftl n m m 'n

+ 5 S Sin8m n m
X
m-n

Z
) p

n , ,, ( 3,14 ) .~.

Remembering that Cos8 ; Cos(S -8 ) ; Cos8 Cos8 +Sin8 Sins (3,,15)mn m n m n m n

and, Sin8 ; Sin(8 -8 );Sin8 COs8 - :jin8 Cos8mn m n m n n m , , , ( 3,16)

,
and substituting 8quations (3,15)' and -' 3,16.) into (3,14);, we have"

j{ mn
R
m-n + Rn-m

2 .... (3,17)



where; A mn
1

::: V-V
m n

((1 + S 5 }Coss .+ lS -5 }Sins )
m n mn m n mn

39

( 3.18)

Fmn -L= V Vm n
(-Co s8 Sins_ m n

+ 5 S Si ns Coss ) (m n m n.

x - X
m-'f\ n-m

2 ....•...

(3,17) by substituting Fmn by

P F P b8ing in quadraticm mn n fo rm we Can
F +Fmn nm

.2

further simplify equation

Th"n from c'quation (3.19) we have

Fmn + Fnm
2 = 1 H'2 mn

X
m-n

2

X
n-m

where Hmn
1

= V Vm n
( (1 .,: 5 S ) Sins +. 5

m n mn n - 5 } Co 58 . }m mn (3.20 )

ThereforE; equation (3.1n can bi3 writ':,cln 88

R + R X - XPL P A _JIL;-n n-m P + P H m-n n-m P= 2 2m mn n m fin n

R + R X -X
P (, ....!!l=.n n-m + H m-n n-m) P= " 2 2m mr: mn n

= P B Pm mn n

R + R X - X
where B 1\ m-n n-m

H m-.n n-m= 2 + 2mn mn mn

(3.21 )

(3.22 )

( 3.24 )

Th8 equivalent circuit corresponding to 8quation (3.24) is ~.

given in Fig, 3.2, It is the circu'it w~ich W8 dErived and which

we hav8developed from our basic circuit of Fig.3.1, We now

have impressed generator powers {nsteae of generator curr8nts;

but th e losses given by the two c{rcuit s must be identical.

Mat~ematicallywe can write this identity in usual notations as

P Bm. mn P
n ... (3.25)



40

We rEcall that th8 B rbpr8s,mt an 8quiva18nt loss network, mn
through which the gcn~rator powers flow in supplying th2 ov~~~ii

system load. Since B = B as it is evident from equation'smn nm'

(3.19), (3-20) and (3.24), th" numb'Jr of loss-coefficients to

be calculated for a loss formula with n sources is n(n + 1)/2.

3.2.3 Assumptions

In deriving the loss formulae, wo' hflvlc, assumed that

1) ,The 'equivalent load current at a bus, that is sum of

load current, line charging currant ard synchronous cond8nser

current (if any) at that bus maintFline a constant complex ratio

with total current~ This assumption is mar,:, floxible in th"

sense thet we did not assume the ratio to b8 a real constant.

at ,
2) The voltage; magnitudos/genera'tor bU,ses remain constant.

3) The voltags phass angle at bach g~n8rator bus remains

constant. This is 8quivalent to saying that th8 sou~ce currents

maintain constant phase anglos with respect to a ,common reference.

4) The sourCD reactive char~cteristic is linear. In othsr

wor9s 5,:,valueof a generator is constant.

I,ll th8 abovlC assumptions ar8 not true for large variAtions

itn loads. The assumption that each 10 ad current is' a constant

fraction of total load is valid for most of th8 loads. The

voltage phase angle definitely deviateslargor for large variation

of loads., The r'jactivGcharact'",ristics of generators may not be

linear for all range of generators. Ho'",evE~ the ,abovG assumptions

do not introduce any appr8ciable errOr in the usual case where the

variations in Ipads arlO not abrupt with ~osp86tto a base casci:



3.3 DERIVATION OF OPERhTING EQUATION

We rewrite the reference frame 3 equation (5.21)
(shown in hppendix-B(l) as

41

whereEGm,= vo~tage of source m

EL = voltage of hypethetical load

...

Z' = self and. mutual impedance betweon sourccs andm-n.

hypothetical load.

IGn = source current n

we also recall that

and

...•_~_.-_._.~.--~._"~ ",-,.-_. __ ._." ...,
I F _.".1 _! :' l T !

wher~;'Ji..j ~~.~D4tag.",,)"t "10 ad bu s j
!..... __ ~. ,~,. __.J . t_~•._.~._---'~ _. ~

.'J" , r'. ,:I,L,ji'= '18,gui.v;31en.t,,10)'l'!' !"y,rrent"t bus J

','I ..;,= ,~, I.'0, i'v" . i. "H .. ,"; .. C' : "'.' ';7".' lJ -.,l- '~'-." ,1.:; ',' • ..\.' 'j.. _.. ! "-H.'

...

.. - .

". '..

,
-.,,-"--

(3.2B)

E. G.;)
oJ ~ .1

I ..G3
_.' 1

L_J (:'>'.'!T~~ i; oL ~.~'." ". f. "
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If the load current for the base c:]sc;is supplied by one

generator at a time as may be simulet~d re~dilyby digital

computer methods; these reference fr"me 3 impedances can be

detormined ono column at a time. For example source-l supplying

ali load curr~ntsj maintaining Ij = ILj/I
L

; we get

EGI - E " ,Zl_l I GlL

EG2 - E ' = Z2_1 IGIL,

:";:'-, EG3 - ,E Z3_1 1Gl" l';

50 that

Zl_i ,(E
GI - EL)/1Gl

Z (EG2 - EL)/1Gl,,2-1, =

Z ( EG3 - EL)/1 Gl; 3-1

... (3.31 )

In moro goneral terms for the caS'3 of source 1 energized

we would have

Z " = (E - EL) /1 Gl
m-l Gm ... (3.32)

'and with source 2 supplying th," total F.1'ad current we obtain

Similarly for source n taking all loads

'...

...

(3.33)

( 3. 34 )

The valu os of EGm, ELi and hence E
L

can be calculated by

an iterative circuitsolutioli as shr:Jwn in Appendix-B( 2).
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Thus we may obtain the complex roference frame 3 impedahces

(shown in Appendix-B(l)). Only the real symmetric part and

imaginary skew-symmetric part of this impedanCe matrix ara

required for determinetion of the real losses. Similarly on the

imaginary symmetric part and real skew-symmetric part of this

matrix are required to determine tho roactive losses. However.

the full ma'trix is rcquir'ed for accurat" tr'cetment of 10ss8s for
interconnected systems (22,23).

The loss formulaa co-cfficiants then may be calculated as
R + R X X

B m-n n-m H m-,n n-m
(3.35)= " 2 + --2 ...mn mn mn

R + R
wh-6re m-n n-m re-al symmetric part Df frame 32 =

imp adanc a8 ... ( 3. 36)

1
V Vm n en + S 5 )Sin8 +(5 -5 )Cos 8 )m n mn n m mn

Recall that V = voltage magnitude of generator mm
;

and (3.40)

11,
~ttS.1The valUes of so~rcB react~vechsracteristics (Sm) of the

generating plants arc dotcrmined (21) from a knowledge of impedances

'3.4 Dt:TERI'IIN"TIOI,OF SOURCE-REACTIVE CHI,RACTERISTICS(S)
, -m

between each sourc" and the hypothetical load point ("ppendix~B(l).

,;
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(3.41)

wherej R = self rusistance Of sourc" m to hypothetic'al load.m-m
Xm-m = self rioactance of source m ,to hypothetical load.

In 58ction 3.2.2; equation (3.11); Qm WElS eliminated as

a variable by assuming

Q IP = constant = Sm m m

or Q = 5 Pm m m ... (3.42)

C'

'\

Lnmany cases, particularly when 5 is small; this assumption
m

-results in satisfactory answers. But wh8n it is dGtf.'rmined by

the total system load level; it would be appropriate to include

the plant reactive component as pBrt of the load of that bus.

I t is SElen (21) that as the system load increaSEs Q increases.m

Similarly, when the ,system load d<ocrf'asus, ~ d8creaS8s. By

denoting QLm that part of reactive power of p18nt m which is

included as p8rt of the load at that bus.

or

Th en

QL=Q -5 Pm m m m

....

.,. ,.

(3.43)

( 3.44)

Mathematically QLmis the intercept of Pm Vs. Q
m

,charac-'

teristic. QL is considBrad to be part of tho load at load bus m'.m ,
Thus if Q is tho aquivalent reactive load at bus m~ thanLom

total rL,active load at that bus QL'm is givECn(20) by

QLI m = QLom + QL ... ( 3.45)m

= QLom + Qm - 5 P (3.46)m m ...
.r'"

\, i
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3.5 DATAREQUIREDFOR CALCULATIN~B~COEFFICIENT5

Input data d8scribing the system for th" loss formulae

programme is, identical to that r8quired for a digital load-flow

pro gramme and in clud 8S:

1. Per unit valu8s of transmission line and transformer

imp8dances and line charging susceptanc8 together with

bus code numbers.

2. Estimate of per unit bus voltClges and their phaS8..- ~,

3. P8r unit valu8s of the plant generations.

4. Psr unit values of th8 syst'"m loads.

5. Per unit admittances a f static capacitors and shunt

reactor s ( if, any).

6. Transformer tap settings.

7. Estimated values of 5-constants for generiJting plants.

8. ncceler,3tion fector end tol",rancc limit for rrcal and

imaginary components of frame 3 voltages.

9. Acceleration factor and tolerance limit for reactive

chariJct8ristics (5-v'alues).

3.6 FEATURE5OF THE COMPUTERPROGRAMME

The programme was dcv810pedin FORTRi,rJIV language (24,29),

incorporating the; theory developed in,tnapreviou s sections, for

running on the IBM-370 comput8r at tho Comput8,r Centr". BUET,

Dacca. The programme provides a means for procc8ding automatically
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from one step to the next in the, calculation of loss-formulae

co-efficients thus gfG3tly simplifying the praparation of

necessary date.

In c;escribing the programme we start with 13 ve,ry compact,

flow chart as shown in Fig. 3.4. Step I provides complete load'

flow results for peak and off-peak load conditions. During the

calculation, data requiried in the suceeding""9it.eps are storred
,'. -'~~." .

automatically. This step Can be executed s8paretely with the

required output punched on cards (diskette), as hqs been done

in this study (see ChApter 2). ••••v

In step II, based on 8st'im3tlod v31ues of Sm' reference

frame 3 voltages and honce impednances arG calculated one column

at B time by an iterative circuit solution similar to nodal load-

flow studies (24,25.26,27). The diagonal Z is used to calculate

improved values of 5m• ThE'se values are written (printed)immedia-

tely after the calcul ation togl,thecr ",ith changes in S. I f the

maximum change in S from the previous value is not within a

desired tolerance 8 now calculation is done an,d the process is

iterated until the precision index is reached. Final S-values

are printodand stored for Step III.

Input for tho calculation of B-matrix in Step III includ'es

frama 3 rosistance and reactance values which were stored in

Step II, generator angles and voltages from Step I and final

S-values just calculated (Step II).

In :;tep IV the B-matrix of Step III is used to calculate

PBP (transmission) 10 sses.



Outpu ts
Step I

SteplV I77

Inputs

I I

1
I

I i PBP' I
.-=='

CalculateGeneration, Schedule
. PBP Losses Losse s :.

Calcu late Peak & ListingLoad. Flow Data
Off Peak Load Flow MW & MVAR in. Branc-
Resul ts fo~ Loss

.,
hes , Loads and

Formulae Generation s•
I

I "-
Genera ti 0"\ Bus

,
I . Voltage & AngleI
I I
rStep [[ r

Calculate dEstimated S, Acc I n
Calcu late

S- Values' .& Tolerance Fact ors Frame 3 Imp.edance

i tI
R & X Final SI

I Matrices Values. Listing
I .

J .r

Step[[[; J •
Calculate

B- Mat ri x
B- Matrix- -.~.-,

r

,

FIG.3.4 COMPACT FLOW CHART FOR CALCULATING B -COEFFICIENTS

~.
'-l
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The developm8nt of the load:-flow programme wos described

in ChaptEir-2. The detail fiow':'ch8rtfor Step II, Step III ,'lnr1

Step IV is given in Fig.! 3.5,8nd the programme in FORTRANIV'.is

listed in Appendix-B(3).

The programmc starts with ,the reading-in of input d8ta

such as total number of buses (N), number of generator buses (~1),

acceleration factor( Cl) ond to18r8nce limit (TOLER) for raal and

reactive part of frame 3 voltages; maximum number of iterations

allowable, (IT~J;\X) for c8lculoting thc,se valtfJges; and accelera-

tion foctor (ill)" ""olcrance limit (TOL) and meximum numbpr of

iterations (liM) purmitted for calculation of S. It then reads~in,

for each bus: voltage magnitude, angle, n;ol and rE'active load

(with allowance for line charging) obtained from load flow

studies in 5t ep 1 and real and reactive rower ,input to the

generator buses. Number of connections with each generator bus

,is read_in next as well as for buses where no generator is

conhected. The equiv8lont rC.8ctive po';;et-;is equated to the load

rea'ctive pow8r~

Line connection matrix is read-in riext. It is an NXNmatrix

h8ving 8S elements',either zero or .1. 'ZB:to ,r8p,rose,nts no connectiCl"

where'as i represents a conn6cting 'line between the rEl"tive bus3c.

At every calculation step, the compu't'et compares each 'pair of

buses against this matrix and if there is no connection betweGn

the buses the calculation procEBds to the next bus, thus saving

at> enormous amou!"t of time as most of the 6lBments 0 f the linCJ-

:~~nnection matrix is zero. w'henBver there is 8 connection, th,]

computer reads the l~nc paramEters, i.a rEsistance and re8ctanc8., ,

,. .
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Start

Read N,M,GI,TOLER. ITMAX, ITM,AI, TOL

ReadV,e,PG,QG,QLO, PL ut Ea<;h Bus&
No. of- Connections With. Gen.' Busses

Read Line Connection Mutrix; Line Resistanc e-,
Reactance if There IS a Connection & Calculate G,B.

Read S-Value for Each Source

.'r

"

.,
••

Calculate Loaq Current at Each Bus, Total Current; Real and
Ima inary part of conjugate of their complex Ratio

•

Solve Equations (B-26) and (B-27) for Frame
3 Voltage with Generator. I Supply uilioal) currents

Calculate Chan e in Each bu

Increase Each Bus Voltage by Accelerated Change

3 2 1

ITER -ITMAX

Less

Greater or Eq U 01

FIG_ 3.5 DETAIL FLOW CHART FOR CALCUL'ATION OF 8-COEFFICIENTS

Contd.



3 2 1

Eq.Jal or Greater

Egual or Greater

Les s

Less

Less
\

Test lor Completion
of all Busses'

Equal or.Greater

Write ITER NO'
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Calculate and Write Hypothotical Load Voltage

Calculate Ith Column of Frame
3 Resistance and Reactance Matrics

,L essI = 11 I - N1
Eq Gulor Greater

Write R & X Ma t rics o( Frume
3 and, . Calcu lut e New Va IlJes 0 I S

Calculate Change in S and Increase
S by Accelerated Change

IT-lTM

Less

2

Greater or'Equale

FIG- 3,5 DETAIL FLOW CHART FOR CALCULATION OF B-COEFFICIENTS

Contd, •.'""\
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Equa.l or Grea.ter

Less

2
Less

Test for
Convergence

of S
Less

Test for Co mpletion
of 0.1\ Gen. Busses

Equal or Greater

Write S and II
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Cdlculate and Write Symmetrical & Skew Symmetrical
'part of Fram 3.R an d X Matrices Respectively

Calculate & Write A Matrix

Calculate & Write H Matrix

Cal culute and 'Wri te 8 Matrix

Calculate

FIG.J5 DETAil FLOW CHART FOR CALCULATION OF 8-COEFFICIENTS
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and calculatGS conductances and suscoptances; both the mutual

and sel f terms.

Estimated 5-values are read-in next and. based on these

estimations, the equivalent reactive load at the generator buses

ara calculated according to equation (3.46).

The computer then calculates the real and reactive parts
of the load currents at Bach bus, total load current and the

complex conjugate of the ratio of load current to total current.

The frame 3 voltages ere calculated next by an iterative process

(Appendix-B(2)with the first generatbr supplying all the loads.

The. voltages at the hypothetical load iJI:f3calculated in accordance,
with equation (3-27) and the first column of fri'\me3 impedi'\nces

.(.'resistancesand react.ances) are th"n computed following. equation.'

(3;:12). The whole process is r2[J8at"d with the second generato.r

supplying all 10ads; thu s computi ng the seco nd column of frame 3.

impedances (resistances and r.Gactances) using equation {3.33)'.an'.1

so on. Obviously the number bf 10ad-flowst8psrequired for

calculatirig th" who18 frame of impedanc8s is equal to the number

of sources. Once the complete fr'Jme 3 impedances i'\reobt.ained th,,,

diagonal resistance and r8actance terms are used for calcul'Jting

new values of 5 using equation .(3.41) and if th" change in 5 from

the previous calculation or estimation 1S not within the desired

tolerance, the 'whole framc 3 impedances are calculated once agRin

with the .values of 5 just c81culated. The process. is .repeated

until the desired tolerance is reached. The final values of frama 3

resistance and reactance matrices are converted to their symmetrical

and skew-symmetrical compounts respectively according to equations
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("3.36) and (3.37). A-matrix ond H-matrix are calculoted n~xt as
: ';

given by equations (3.38) and (3.39) rc,spectiv81y. Finally the

computer colculat8s the B-matrix ',ccorc'ingto cqu"ltion (3.24).

3.7 OUTPUT FORMAT

Printed results of the colculations ere: number of voltage

i~8rations required for calculation of each column of the freme 3

impedanC8 matrix; wholE frame 3 resistcnce ~nd reactance matrices;
list of 5-valuos Gnd correction to 5-values with respect to

previous values for each 5-iteration and finBlly the list of

converged 5-values as well 8S the number of 5-iterations of

Step II.

The printed output of 5tep III are tho symmetric and

skew-symmetric parts of frame 3 rRsistEnce and reactance matrices

respectively and symmetric and skew-symmetric p8rts of the

A-matrix and the H-motrix resp~ctiv21y. The entire B-matrix,

that will again be used in the progromme of generation scheduling

(next Chapter), is also printed out. rhe transmission loss (PBP)

computed is pritltcd finally.

3.8 RE5ULT5

The systems chosen for the study 'He tho prC'.sent(1980)

and projected (1982-83) Western-Grid of Bangladesh POwer Development

Board, shown in Fig. 2.1 and Fig. 2.2 respectively (Chapter-2).

For our purpose, the systems were simplified by considering only

3 generating plants and 13 buses for the present network and

5 generating plants and 18 buses for the projected network.
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For convenience of the programme. the gGnerBtor busBs were coded

.as bus number 1 to 3 and 1 to 5 rcs~ectivcly, The peak/off-peak

lo'ad~flow studies of St8p 1. executed separatelS'.';c.are shown in

Fig, 2.•3A/2,3B and 2,4A/2,4B for present and future systems

respGctively,

The maximum numb or of it8rations were set "t 400 for frame 3

voltage calculations, A number of acceleration factors e,g, 1,4.

1,5, 1,6. 1,7. 1,75.• 1,6 were used in b.oth the Cilses. But 22 to

63/21 to 60 and 24 to 126 voltage iterations wore required for

one complete set of frame 3 impedances for tho present (piak/off

peak) and projected (peak) systems resp,ctively,

S-values of genorators were Gstimated as-O,30. and -0,33

whic~ are approximately aqual to thesystem-R/X ratios resp~ctively,

With such estimation it took only 6 (both peak and off-peak) and

6(peak) iterations for roaching the desired tolerance of 0,001

with an acceleration f8ctor of 1,5, (Total CPU times taken by

the computer to run the complete loss formulae programmes were

3-22/3-21 and 7-55 seconds respectively),

The results of the calcuL,tions ero shown below:

BASE PEAK lOAD-FLOW CASE (1960)

FRAME 3..RE5ISTANCE MATRIX

0,046309

-0,006253

",0,041366

-0,036206

0,032167

-0,003102

-0,081924

-0,013624'

0,148366



0,014353

-0,065636

'-0,195161

FR~ME 3 R[ACTANCf M~rRIX

-0,055707

0,096532

-0,033439

~o,181 778

-0,029998

0,465323

95

SYMMETRIC~L, PART OF FRAME_3 RESISTANCE

0,048309

-0,021230

-0.061655

-0,021230

0,032187

-0.008363

-0,061655

-0,008363

0,148366

SKEW SYMMETRICnL PART OF FRAME 3 REACTANCE

0,0

-0.004965

-0,006691

'1,009827

0;982926

0,999349

0,004965

0,0

-0.001720

SiMMETRICnL A-M,ITRIX

0,982926

0,959105

0,979476

0,006691

0,001720

0,0

0,999349

0,979476

1,008245

SKEW, SYMMETRICAL H-I~,\TRIX

0.0
-0,048'856 ,

'..;0."13'9'4'76,

0,048856

0,0

'-0,087412

0,139476

0,087412

0,0
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' .•....
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S( 1)

-0,336644

5 ( 2)

-0,333536.

5(3)

-0,319171

B-~ll\nl I X,

0,048783 -0,020625 -0,060682

-0,020625 0,030871 -0, 00 8O/fL..

-OJ (l60e8 2 -0,008041 0,149589

PBP = 0,01169 p.U.

dFf;~PEAK (MINIMUM) LOAD FLOWCA~E (1980)..•
FRJ\ME-3 RE5I5TtiNCE r"iATRIX

o,052!:l06

0,014512

.••0; 00 5876

O,15652.j

-0,069808

-0,198543

-0,055259

0,029506

0,0089'58

••0,046356

0.088526

-0,040762

-0 112637"
-0. 0 ~.7994

0.148732

\

-0,163273

-0,0289936

0,466787

5 y MI'1~c:rRIC AL
o,0528cl'6
-0,020374
-0.0592%

~:'.

P/,RT Of PRAM'E-3

-d~020374
0,029508

-O.0095is"

RESI STi.NCC'"

.;.0,0592 56

-0.009518
0.14873.2



SKEW SYI'ii"I£TRlC;,L P"Ri OF FRiifi[-3 Rt.:ACT'iNCE

SKE., SY~I~i[TRl C;\L H-~I,i Tell X

57

0.0

-0.008867

-0.051345

0.008867

0.0

-0.038683

0.051345

0.038683

0.0

COI'JVt.:fiGEDRC:':,CTIVE CHAR"CTEfHSTICS OF GENERATORS

5(1)

-0.337380

0.053349

-0.018484

-0.050992

5(2)

-0.333433

-0.018484

0.024315

-0.007304

PBP LOSSES

PBP = 0.01710 P,U.

5(3)

-0.318959

-0.050992

-0.007304

0.113312



Arithmetic mean((Bpeak + Boff_peak)/2)Of B-matrics

obtained from.
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0.0510660

-0.0195545

-0.0558370

-0,0195545

0.0275930

-0.0076725

-0.0558370

-0.0076725

0.1314505

BibE PE,;K LOi\D FLOvl C/'\SE ( 19S2-83)

FR,,~]E-3 RE515Ti\NCE M"TTRIX

0'.040902 .0,040564 -0.065682 0.034049 -0.061372

-0.010432 0.033367 0.008257 -0.017326 0.012704

-0,032361 0.011310 0.182355 -0,039293 -0,003181

0.036113 -0 ~'045353 -0.070472 0'.1139'05 -0.066178..
-0.015325 0~028472 0.009563' -0.022221 0.084463

Ffi"ME 3 REhChNCE '-I.,n.IX

0.100804 -0.045079 -0,'11 7290 0.082581 -0.100890

-0.058077 0.083516' 0.,011017 -0.076196 0,027475.'.-

-0.131489 0.009941 0.555163 -0.149564 --0.031692

0.081953 -0,063928 -0.136110 0.332012 -0.119716

-0.117515 0.024061 -0.034151 -0,135628 0.329008

COIWE'1GEDRE,ICTIVE CHi\RI\CHRISTI CS OF. GEI~ERI\TORS

5(1) 5( 2) 5( 3) 5(4) 5(5).

-0.405487 -0.399400 -0.328463 -0.342983 -0.257091
r
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SY~IMETRI CAL PART OF FRi,~1E 3 RESIST IiNCE

0.040902

-0,025498

-Q~049021

0~035081

-0,038348

-0,025498

0,033367

0,009783

-0,0313 39

0.020588

-0,049021

0,009783

0,182335

-0,054883

0,003191

0,035081

-0.031339

-0.054883

0.113905

-0.044200

-0,038348 . ,

0,020588

0.00319i

-0 ~044 200

0.0844/53

~. :

SKEW SYMMETRI~"L PART OF FRAME-3 REACThNCE

0,0

-0,006499

-0,007099

-0,000314

-0,008313

0,006499

0.0

-0,000538

0.006134

-0,001707

0,007099

0,000538

0.0

0,006727

-0,001229

0,000314

-0,006134

-0,006727

0,0

-0,007956

0,008313

0,001707

0,001229

O,007956h

0,0'

",
SYMI'IETRI CIIL A-i~ATRI'i

, -
1,056168

0,956306

0,,972932

0,995911

0.805336

0,956306

0,865917

0,881764

0,901930

0,729286

0,972932

0.881764

0,920849

0;922863

0,744671

0.995911

0.901930

0.922863

0.940297

0.760010

0,805336

0,729286

0,744671

0,760010

0,.614395

SKEW SYI~METRI Ci~L H-MilTRJ;.!S,

-0,005396 0,0

-0,161163 -0,140954

-0.035648 -0,027189

-0,018372 -0,012520

0,119129 0,0

0.105964 0,009858

0,018372

0,012520

-0,105964

-0,009858

0,0

0,0356480,161163

0,140954 ,0,027189

0,0 -0,119129

0.0053960,,0
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B-~IATHIX

0.043199 -0.024348 -0.046550 0.034949 -,0.030731

-0.024348 0.028893 0.008702 -0.028433 0.0'15036

-0.046550 0.008702 0.167903 -1,.049848 0.002246

0.034949 -0.028433 -9.049848 U.I07105 -0.033670

-0.030731 0.015036 0.002246 -l.033670 0.051894

PBP LOSSES

PBP = 0.13227 p.U.

3.9 INTERPRETATIONOf RESULTS

i'\ close study of the rel,"tive mcgnitude of B-coeffici~nts

help us to arrive at some interesting conclusion. from arithmatic

mean of B-ma;rices(1980), we note that at Saidpur (source No.3),

the most distant one from the system load has the highest .self-

term 0.1314505, where2s the self-term of Goalpara (source NQ.l)

is 0.0510660 and the self-term of Bheramara (source No.2), which

is the nearest to the system load is 0,0275930 and is the

lowe~t.from the B-matrics obtained frQm peak-load of 1982-83,

'we a'lso note that at Saidpur (source N:J.3), the most distant

one from '.t~-e system load has the highest s21f-term 0.167903,

whereas the sGl-f-term.ofBarisal (sour:e No.4) is 0.107105 and

self-term -of Tongi( source No.5) and GOllp<:Ha (source i~o.l) are

U.051894 and 0.043199 r8spectiv£:ly. Buo the self-terms of

Bheramara (source No.2) which is again the nearest to the system

,1'oBd is 0.028893 and is tho lowest. Thcs is quite reasonable
.:',~--~

"''':het;Bu,se the contribution to loss from~he distont sources iJre.'~"
higher in sup!Jlying the system load.



CHhPTEil-4

SCHEDULING OF GENER~TION

4.1 INTHODUCTIOf~,

In an integrated system where electrical power is supplied

from more than one gEncrE'ting plant, the p18nt with minimum fuel

cost is norm811y chosen to supply the r~,'1rtor. full be'se load of

the system. First; hydrostations, next nucleiJr plcents; with high

'plaht factor' are ndrmally chosen to~o so. The rest of the

system load is shared by the remsining generating stations. The

problem at hand is.to decide on the she"ring'of the tot,,,ldem,'lnd

between individual generators SO that maximum overall economy is

achieved.

The gensrating plants are norm~lly situated according to

the availability of fuel sources .such,"s water; di esel, gas et't'~

and may not necessarily be located adj2cent to the load centre.

The transmission of power from the g"n'3rBting plants to the load

centre thus becpmes nEcessary.

The bulk power generated in a given area has to be trans-

.mitted to another area when the generating power becomes excess

~ith respect to the consumption capscity of the generating area.

Even if the generating area has the capacity of consuming
,

the total generated power; power systems of the different areas

have to be .interconnected for the purposes of economy, inter-

change and siTinning rEserve capacity.

The economic dLstribution of loads among different plants

is thus an impor.tan'.tproblem to the load dispatch and schsduling

egnineer.
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In the P'lst much bffort has beeil expended in the analysis

of fu'el costs and the thermal performance .of generating units at

equal incremental fuel cos~s. \ .
However. 'in an integrated power

"system it is necessary to consider not only the incremental fuel

cost but also the transmission loss cost for optimum economy.

This chapter discusses tha use of loss formula (see Chapter-J)

in coordinating iricrem8ntal production costs '~2nd incremental

transmission losses.

4.2 DEVELOPMENTOF SCHEDULINGEQU~TION

In Chaptar-3 we have developed E method of exp~ess~ng

transmission .loss in terms of. plant output which will eriable us

to co.-ordinate transmission ..loss in screduling output 0 f each.

plant for optimum economy fOr a given Eystem load (3;lB). The

derivation of co-ordinotingequations follows directly from the

method of Lagrangi'ln multipliers described by Courant (37).
\

Let

Ft = total cost of fuel input to systc;m in :teka-s per hour
[Vi

= Fl + F2 + ....... + FM= :£- F ( 4.,,1 )
n=l n

where. Fl.F2 •••••• FM are the fuel cost of individual plants and

are functions of tha respective plant outputs.,

The total power input to the net'vork from all the plants

(4.2).........
M
L Pn
n=l

where, PI' P2 ~••• PM are the individuaL plant outputs.

is



Our 'objective is to minimize th3 total in,'JutFr in takas

per hour for a gi.v[m nccaivad load PR, 'LGt

PR = given received load

By application of the mGthou of Lngran~ian multipliers (37)
the equation of constraint is given by

(4,3)

Then minimum cost of fuel input for a liven received load is
obtained (21,32) when

07-oP
n

= 0 (4,4)

where 7= Ft-/t..'!'

A = Lagrangian type of multipl~er

= -I\. o'lt'oP n
= 0

Then

+1\.

A (1 -

(4.6)

dF
__ n_
dP

n

= 0

OF
noP
n

=

=/1..
oPLoPn

o(~Pn)~:--==

OFt
ijjO-- -

n
OFt

~_.
n

or

But

Then equation (4.6) bacomos

+/'0.. ,..
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The terms involved in equation (4.7) Clre ide~tified as

dF
-.!l = incremental production cOst of plant n in takas .per MVJhr.dPn

A= incremental cost of received power in takas per MWhr.

oPLdP = .incremenb:ll trClnsmission loss at pl"nt n in meg<fi•.a~S;"p'e=.
n

megawatt.

From Chapter-3 (equation 3.23) we can write

-,'

PL = 2:" L P .B P.m mn nm n

So that
oPe a ( 2: L p B P )oP = oPn m mn nn m n

= 2 L
m

P B
m mn ... (4.8)

The incremental production cost of a given plant over a limited

tange may be represented by (21)

dF
dp
n

= Fnn Pn + fnn

where

...
-"'- ~, (4.9)

F = slope of incremented production cost cur",.e.nn

fn = intercept of incremental production cost curve

Equation (4.7) then reduces to a set of simulataneous f,quations

as below:.

F P + f + A.( Lnn n n
m

2B P) = ""mn n (4.10)

The -set of simultaneous equations thus Dbtained may be solved

for different total loads by varying th" magnitude of" •

,
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Equation (4.71 can be rearrange::! as

dF__ n_
dP

n
(
(1

)

or
-,
,':".",'~~':

i"W:here

dF
__ n_ L n = /'..
dP n

L = peni'llty factor of plant n _.n

... (4.11)

From equation - (4.-11) we can say th",t the most economic scheduling

of generation is obtained for the cond:,tion when t~e incremental

production cOst of each plant multipli ,d by its penalty factor

is constant.

Again if we neglect transmission loss in Equ~tion (4.7)
we get

dF__ n_
=A (4.12 )

dPn

or F P + f =A (4.13)nn n n

From equation (4.12)' we; conclud8 that (,conomic scheduling of

generation neglecting transmission losses is obtained, when all

plants operate at the same incremental production cost.

4.3 INCREMENTAL PRODUCTION COST

The incremental productibn cost ofa given plant is

composed of incremontal fuel cost i,lus the increment-al cost of

such items as'labour; supp'lies, "mainter "rice and water. For' accurate

analysis it is necessary to express these ~tems as a function of
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plant output. However no method is IJrB,Jently availeble to in"G':b:ide

them as functions Df pla,"!t loadings. I-; is usual practice to

include them as a certain percentag;e 0 incremental fuel cost.

In many systams;, for the pUrpOSf:l ~f eC:'ilomic scheduling" the

incremental product:i.0n cost is t,'lk8i, te, be equal to incremental

fuel cost (21) and this 2pplied in our caSE; tooo

4.4 pHYSICAL INTERPRETATlDrL;QF5CHE1lli1..'NGEQUATION

~h8 scheduling equation can be ~nt8rprBted phy~i~ally

-by-"inspecting figure 4.1 . The incremeT tel prDductiDn cost DT-a

given planf n is measured at the plant bus and is denoted by

dF /dP • A given plant n incurs an inclemental trahsmission lossn n

dPL/~Pn in supplying the next increme~1 Df SYStB~ lDad. Itis

desired that the next incremental cost of pO~Br received from

} - .... '-
\ ~ .

each plant be the seme at the r8ceivinc
dF"", .
c!p,.~

point L.

Schematic representation of cost relations.

For example; suppOsE that the lead incrsBsas by an amount

APR' "ssume thGt this load change is first token up by plant 1

only by increasing the output of plant 1 by A Pl' Then the cost

of this irlcrerilent of power,at the rec"eivor is given by

r



AP!.
The expression 6 P

R
of incremental efficiEncy of
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may be th:.ught of as the reciprocal

the transmission system. The fore-

going eg~a tion may bo rGw-ritten ,:lS

dF
l

A.P
.~ J= ~ L.. PI "c:pL1

ot }..
dF1 1

= dP 1 (APLI~Pl-I -

As PI becomes progrEssively smaller, we heve

(4.15)

,.. =

1\= ...

(4.16)

(4.17)

Foi plant n we oan rewrite the above e[-uations as

;... =

" =

dF
-!L
dP n

dF
--'J. LdP nn

... (4.18)

the equatiCl'n 4,19- is the same as equation 4.11 " compari-ng

equation 4,15) and we conclude ;ehet til£. penalty factor of p18nt

n is the ratio of the small change in rower i1t plant n to th e

small cha~ge in received power when only plant n supplies this

smallchaO'!;j:e in receiVed POWEll'. For prcctioal example please

see IIpp Imdix-C( l)i"

4r5 CHIIHr,C]ji:RISTICWRV£~ OF TH~....EU\N-c.; OF WE.STERN GRID,BrDE,' 8()

Th'S system: under invE-sti-qation, i, e the Western Grid of

BPDB shown in Fig". 2,1 and described ir Sec:, 2.3; hAS three

(;, -
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g~n8r0ting plants (excluding SDme small capacity iSDlated plants)

at Goalpara (plant No.1), Bheram'na (plant No.2), and Saidpur
'. ''''

*-1<(plant No.3) tD supply the' system load. The thr8e plants have

different characteristics. Tab18 4.1, 4.2 and 4.3* give the 'u81,

CDst data' for GDalpers, Bheramar" and 5aidpur pOWE,r plants

r'3spectively.

Based on the data Df 198D, 0 plot Df fuel input (Taka/hr.)

Vs. power Dutput (MW) is shown in Fig~ 4~2 fDr tho different

plants. ThE slDpes of these curves at diff8rent DUtputS giv8 the

incremental production cost at th8S'3 D~tPUtS. Th8 incr"it""ntal

prDduction cost (Taka/MW-hrl is plotted against output (MW) in

Fig. 4.3. Th" l"ttor curve can b8 appr-Oximat"d by " straight

line BS shDwn by the dottod lines in t~o figure. The slopa and

intercept Df the incremental productio, cost curve can then be

easily determined~

4.6 GEN~RATION 5CHEuULE

FDr the ,systLm under inv,estigation (seG F'ig. 2.1), the

generator at Goalpara has beon markad as plant No.1, that at

Bheramara as plant No.2 and that at ja~dpur as plant No.3.

FrDm the increment"l prDductiDn ~ost curVLS of Fig. 4.3,

the valu"s of thu cDGfficients Df Eqns, (4.9) i.8 th,- int':'rc8ptCfnl

*-1<The plant CBp8City of Thakurgaon (3;:2MW)is smdl 8nd it is
not considered 8S an individu~lp18nt fDr economic scheduling;
lilloreover same ..tYtJ-e.- of generators. :3nd fuel 'Jr2 used F1S used at
S"idpur. It is also within a 'short dist8nc8 Df 40 miles from
Saidpur. S~ the plant capacity Df ThBkurg~on is included with
Saidpu r (10. 5f~vJ + 6Mlrl.", 16. 5M,J) •

~ Obtained by the courtGsy Df Systom P18nnirig Dir~ctor8tB,BPDB.
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T"BLE4.1

Fuel Cost Data of Goelpara POwer Station.
,~4

Power
output
( ~1vI)

5

10
20
30

40

50

60
70

80

Sp 8 ci f ic fu 81
co st
(Tk./Kvihr)

O.850
0.767
0.672
0.610
0.635
0.672
O. 709

O.709
O.709:,.'.-;::--

Fuel input
( Gclllon/KWhr)

0.0963
0.0869
0.0762
0.0690
0.072
0.0762
0.0804
0.0804
0.0804

Fu 81 intlJ,Jt
(Tk.lhr.)

4250.00
.7664.58
13441.68
18257.40
25401.60
33604.20
42550.00
49640.00
56730.00

FUBl Cost in
(Tk .IGa11on)

8.82
"
"
"
"
"
"

"

Tr\BLE 4.2
Fuel .Cost Data of Bher2mara (G. npower 5t.'ltion

4

8

10
15
20

25
30
35
40

1.53
1.41 ..
1.364
1.30
1.258
1.30
1.33
1.41
1.414

0.1115
0.1025
0.0990
0.0948
0.0915
0.0948
0.0967
0.1025
0.1072

6132.50
11275.00
13612.50
19552.50
25162.50
32587.50
39888.75
49328.125
58960.00

13. 75

"
"
"
"
"
"
"
"

TABLE 4.3 .
Fuel Cost DBt,~ of 5aidpur (Th"kurgaon) D.8isel Power Station f

1 1.447 0.10507 1444.70 13.75
3 1.377 0.10016 4130.00 "
5 1.362 0.09907 6811.06 "
91.190 0.0867 10729.00 •
10 1.340 0.0976 13420.00 "
12 i.340 0.0.976 16100.00 "
13 1.362 0.09907 17710.00 "
15 1.440 0.10476 21610.00 "
16 1.440 • 0.10476 23047.20 "

Q
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and siope (F ) extended to 40 MW, where necessary, for different: nn
plants. are obtained and shown in Table 4.4.

TABLE 4.4

Valucs of F and f
nn !J.

P21nt n

1

2

3

Fnn
(slope)

20
66.67

66.67

f
n

(intc,rc8pt)

625
1175

!JOO
----------------

The B-matrix obt2ined in Chapter-3is in per unit and it is to

be conVErted into actuEll units (l/MW). -This requins division

of pEr unit values by the base MVA (lOJ) which gives the B-ma~~ix
in units of (l/MW) iJS

B-Matrix
(Mean (B + B ff k)/2) values of peak and off-peak load-flow,'80}D8ak a -P88

0.000510660

-0,000195545

-0,000558370

-0.000195545

0.000275930

-0.000076725,

-0.000558;310

-0.000076725

0.001'314505

The equations for optimum scheduling of generation,

neglecting transmission losses. may be written from Eqns. (4,12)

and (4.13) as

FllPl + fl =,/\

F22P2 + f2 =/1,. ,.. (4.20)

F3l3 + f3 =l\.
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The eXi1ct co~ordin"tion simultiJn80us '-quc,tions for optimum

scheduling of g"n~r~tion mny b~ writt~n from Eqns, (4,7) and

(4,lU) GS

FllPI +' Z811Pl + Z81ZPZ + Z8Ll3 F J\ - fl

Z8Z1Pl + FZZPZ + Z8ZZPZ + Z8Z3P3 - A. - f2

2831P1 + Z83'ZPZ + F33P3 + 283 3P3 "'!\. - 1'3

( 4, 21)

The above equ0tions con be rcwritten ss

( F11 + ZBn)PI + Z812P2 + 2B13P3 '" I<.. - fl

(FZ2 + ZBZZIPZ + Z8Z1PZ + Z8zl3 = '7, - fZ

( F33 + Z833)P3 + ZB31PI + Z832PZ ;= 7, - f3

(4,22)

Using numerical V2IuC$ of H.", fend f ; 'the abov!~ set, 1J nn n

of equations hnve been solved on c,n 18:"137D/115 computer for

generation end totel transmission loss h~vE 81so been cOmputed

for each value of A , Thc,it',rati"e proc:,dutCJ and the ptogti'lmme

are snown in App.'ndix-C( 2). C( 4) ,md C( 5) •

4,7 GRAPHS AND RESULTS

Fig. 4,4 givas a plot of genbration schBdules with ihdi~

vidual plant gcnccration plo'tted ag'3inst the total ge-r'rL't.,tio'n,

The calculcJtion o'f gGncE'ation schedules Tor vC'rious valu'as of-,....,

are given in' ApDeridix-C(4), fig .•' 4.5 givi3s ;; plot of-individual

plant gi"ner'ation agiJinst the total r-Bcsived lo,?'d,- The absciss",

of' this gEaph is obt"inGd by subtracti'g thu tr"nsmission los.s"s

from the correspondingtote'l gcmcr3tion of Fig, 4,4 fa r differAri't
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v:'Jlues of ?\.. • A plot of tr'",nsmi ssion loss Vs. r.ccGiv cd loed

hE'S belen given ii' fig. 4.6. V"ri"tion of 11.. , (thle incr"mental

cost of rec8ived powor) with the r"ceived lo,~d is importi'mt for

a knowledge of how thG cost of r~ceived power increases with

increments of lomi. This is 81so platted in Fig, 4,6. In Fig,4,4

the dotted curves arc the, sch"duld of g8nc:rction considering

only."the incrGmc;nt",l fuc;l cost "'S per aquetion (4.13).

A t"bul~tion of r~sults from thG curV0S plotted are given

in Te,blE 4.5 and T~.b18 4.6.

4.8 DIFFERENT CONSIDERATIONS ANDLIMIT~TIONS TO SCHEDULING

Although the; criterion of incremcmt'''.l production cost' and

penalty factor det~rmin8s th8 optimum scheduling of g8n'ration,

the following mGthods of scheduling ~r~ some times still found

in US8 (38,39);

1. BSSG Loading to most Lfficicnt Lo"d

In " powar pl"nt with severel units, most of the units

need be in operntion only when the peak dom~hd occurs. To estab-

lish" b8sis for rcason"b18 continuity of scrvice, sufficient

capecity shouid be: op"r"tive at ,,11 time so that in CGS'" of

failure of the largest in-service unit, the remaining active

units ,:ore capable of maintClining supply without interruption.

If the minimum (b~sc) locd is 8qu~1 to or less than the c"'pecity

of 8 single unit, two units will have to be pleced in operation

to profect continuity of serviCe. The ardor in which tho units

arE pl."lc8d iii survicc, depends upon th8ir relative efficienciss.
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Tha most officicnt m8chin~ is placed in service first, followed

by machines in descending ord~r of effi~iency as nceded. The

load is divided among the units in operation on th8 basis of

equal incr~mentel rates.

2. Proportional to Capacity

The loads on thc units or plants Ar~ scheduled in propor-

tion of th~ir rated ccpacities.

The question 8S to th~ maximum cBpacity to which a plant

can be operated for a given total load is not ans-wcred in the

scheduling ~quBtion. Determination of this copucity is based

on such considerations as:

a) Economic evaluation

b) Hascrv8 requircmerits

c) Stability limitations

d) Voltage limitations

8) Ability to pick ~p load quickly

Thus the above c~iterions put a limitation on scheduling

and hence sh~uld be taken into consideration while scheduling

for optimum economy. Usuclly in larg, integrated systems

conditions 2 to 5 ovcrrule condition 1.





79

CHAPTER-5
EVALUATION OF SAVINGS

5.1 INTRODUCTION

The techniquo of including transmission lossos in genera-

tion scheduling must haVE certain outsta~di~g effects in the

field of economic study of power generation. Thc ultimate aim of

our anolysis is to investigat," what SGVi!'lgSin tLrms of money

could be achieved by scheduling the generetions

preceeding mathematical en~lysis. The two types of scheduling
",.J .-~
. .. i'

curves (neglscting 8nd including the transmission IG!'lfl'fesl'\f.{Jr

eoch plant have distinctly different positions causing significant
-'- .•,

differences in total fuel consumption costs. The difference is

the amount of saving (T"ke pcr hour) th"t is obtainc'd for a

particular value of rccoived l08d. Th,::sewings, howf,:vr,r;may

seem to be small when computed on per hour basis, but they

accumulate; to a hugG "mount wh',n ciJlculatc,dfor the whole year.

5.2 CALCULATION OF FUEL INPUT FOR V"RrOU~ GENERATORS

The fuel input (Taka/hr.) versus,output (MW) of variou.

plants ar8 plott8d in Fig. 4.2. For any given value of total

gpnoration the individual plant generations can be found from

Fig,. 4.4. Tha combin,etion of th8 two plots givas full cost (and

hence production cost) for e'3ch pl"nt,t '3lJ"rticul",rtot"l

generation. The; accumulation of the cost of all plants gives

the total cost. Ii compsretivc study of the fu"l costs for

v'lrious sch"du18s is giv;,n in the settion 5.3 •.
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5.3 COMPARATIVE STUDY

The comp'Jrison is mad," at Cl totol grene'rationof 140 MW,

The total fUBl inputs for various caS3S end the annual losses

incurred for the diffarcnt caSAS as compared to the reference

case are given in Table 5.1. It is assumed that all the plants

run 24 hours a dClY, th"rt is 8760 hours annually,

Table 5.1 rc;ve,?lsa consid erC1bl" amount of loss 1n crores

of taka per annum for sch8duling the senor3tion arbitrrrily~,

The 'loss is considerable (9.37 crores of taka p",r annum) for

the existing gen8rating scheduling pr~ctises by authority

concerned (BPDB) i.e the p12nt at Goalpara carries 84 MW, and

Bheramara and 5aidpur carry 40 MW and 16 MW r2sp8ctively. The

loss is also prominent (6.84 crores of taka por "nnum), consi-

dering the GoalpDro wIant at a constant gensration of 84 MW and

the capacity of the plant at ~aid~ur increBS~S to 20 MW and the

plant at Bheramare docr8C'sc;sto 36 f'IW. The loss is maximum

(31.27 crores of t6ka pcr annum). if 28ch of tho plants carries

equal (44.667 MW) shate of the total (14D MW) system load. The

scheduling of gener~tion "~glecting trHhsmission losses for a

total geneJration of 140 ~iU'J caused an3nnu,,1 s3ving of 1,4 croras

of taka assuming that the plants opeF'tiJ 24 hours a day

con'inuously (hy~oth8tical saving due to comparatively good
•
scheduling only, but therE will always be some transmission

losses), Even'if we consider that tho ,ol"nts operate ,18 hrs or

12 hrs a day s,tili.the losses involved in arbitrary generation

is high when accumulated for the whole year.
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TABLE 5,1

COMPA~ATIVESTUDYOF FUEL INPUTS ANDLOSSES INCURRED
AT DIFFERENT CASES (FOR TOTAL GENERATIONOF 140 MW)

Type of Scheduling

Generation schedule co-
ordinating transmission
loss (Referehce case)
(Goalpara = 92 MW,
Bherampara = 22.5 MW
Saidpur = 25.5 MWI

Goalpara = B4fVllv
Bheramara =40 MW
Saidpur = 16 MW

Schedule to supply loads
equally (46, 667 l~vJ)

Goalpara = B4 MW,
Bheramara= 36Mvi
Sai dpu r = 20 MvJ

Schedule, Naglecting
transmission loss
(,Goalpara. 95.BB MW.
Bheramara = 2(J.•79 fltvJ
saidpur = 2"3-,'33 ,'ivJ)

Total
Fuel
I npu t
(Tk/hr)

1,31,300.00

1.42,000.00

1,67,000.00

1.39,113.00

•

1,29,700.00

Difference
of fu e"l in':'
puts as com-,
pared to the
referGnce case
( Tk/hrl

10; 700.00

35,700.00

7,B13.00

1,600.00

,,

Annual Loss*
t"ompared to
the r8fe-
'renee case
(Tk. in crores:

9.3732

31,2732

6.B444

1.4016
( • ) -l<-l<sal.1 ng

i< ,ConsiderHrg' 24 hours of operation of plants

i<-l< Hypothe:tital saving dUB, to comparatively good scheduling
only, but there will always be some transmission losses.
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CHAPTER-6

DI5CU55IONAND CONCLU5,::O~J

6.1 DI5CU55ION

In the present world, because of the continuously rising

cost of fuel, labour; supplies and maintenance in any system;

much efforts are '3xpended to hava more return from less capital

investment~ Economic operation of powe= stations in an integrated

system is a complex problem ,to th" powi'r system engineur. One

of the aspects of economic operation is schedulingof gehEration.

5everalmethods ara available (i) for ~he economic scheduling

of grmerating plants; such as, (i) economic scheduling by neglec-

ting transmission losses, (ii) economic scheduling by co-ordinating

transmi ssion losses in the schedulirig "quCltion. (iii) economic

scheduling by penalty factor method.

Method (i) is an approximate metLod ,md may introduce

appreciable loss in terms of moneyss is evident from th", evalua-

tion of savings done in the previous chapter. Methods (ii) and

(iii) are accurate, and require expression of transmission 10SSGS

in tems of SOurC8 loadings. The constcints involved in such

expression are called B-coefficients which need to be determi'ned

accurately. Previously, B-coefficients ware determined by network

analyser measurements and the results .'ore of questionable

accuracy. But with the advent of high spe8d digital computers,

the B-coefficients can be uetermined accurately and in a much

shorter time. Computer methods are checper too. As the system

grows the B-matrix is to be celculated for the changed system

every time and once the programmG for calculation of B-coefficients
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i-s developed, it requires only 8 few minutes to caicul,ate the

B-co effieients.'

In our calcu1.:']tibns ofB-matrix with 13 buses and 3-

generators it took only 3 minutes .21 seconds with binary deck

to get !.J-matrix, using an IBM 370/115 compLrt8r •.- - ..

In this endeavour, econ"ornie s8ch8duling of generations /.

for the Western-Grid of BPDB has be',n obtained with me.thod

(ii) quoted ,earlier,

6,:2 CONCLU5IOI~

The aim of the research work und9rtakon here was to

present a digital computer method of c"lculi,ting the transmisS-

ion line loss co-efficients and coordinating the loss in the

problem of det~rmining the optimum scheduling of generation. The

achievement of ths dosirsd objectives involved the following steps:

(1) . The development of .an efficient load:-flow (Gauss-

Seidel iterative method) programme for determining unknown

voltages and phase angles at different buses and real and

reactive power flows in various lines of the syst-Bm.

(2) The development of an efficient programme for calcu-

lating the transmission line loss coefficients (B-coefficients)

automatically without intermediate data handling -and for the

determination of reactive ch"racteristics of the; v[.rious plants

during the course of calculating the B-coefficients.

(3) Drawing up an optimum gener"tion schedule for the

present (1980) Western-Grid o~ BPDB,
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(4) Evaluation of the amount of 2nnual savings under the

most desirable schec:uling ofgconerCltion,

The results obtainad from the investigation of the p'):oblems

undertaken, if utilised by the authority concerned. can save a

huge amount of money annually which is being lost at present

because of arbitrary scheduling,

6,3 SUGGESTIONS FOR FUTURE WORK

Future research work in the field of economic operation

and control of pOW8r systems could concentrate on the following'

(1) Penalty factor approach of co-ordinating the trans-

mission loss in the digital method of datermining the optimum

scheduling of ganeration,

(2) M digital -method of calculating coefficients for

systems inVOlving non-conforming losds, i.e the loads which do

not vary over the daily load cycle in the sam8 manner as the

system loads and which do not maintain a constant ratio with

the total load. They can be handled by splitting them into two

parts (i) a constant part which do not vary within the range

of variation of load. (ii) a v:'1riablepart which varies with

the total load, The ~onstant components are treated as negative

generators in the loss formula. The loss formula (21) then takes
the form:

.., (6.1)
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where

B. nj

B '" 2P. B njnO J

B '" PjBjk PI->00

'" constant MW components of loads

~ mutual loss-formula cri~efficient~ between

constant components ofloa~s and generators

(6.2)

Bjk '" self and mutual loss-formur~po-officients fo~

constant components of load.s.

(3) Calculation of B-matrix for system;s involving auto-

transformers taking into Bccount their off~nominal turns ratios~
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APPENDIX';;A(l)

THE GAUSS,..SEI DEL ITC:RhTI VE [,'IETHoD OF SOLUTION

In general; there are two types of numcerical t,echniques

for solving simultaneous cquationsi

1. The dire~t methods; which ara finite; would in prin~iplo

(neglecting round-off.errors) produce an exact solution, if

there is one, in a fi-nite number of arithmatic operations. But-

this method is not of help in solving large system of equations

due to accumulation of round-off errorE, limitations of the high-

speed computer storage; and the programming complexity.

The limitations of th8 finit" mlethods could be overcome

to a great extent with the help of an infinite method the iterative

technique.

2. The indirect methods; which are infinitB; would in

principle require _an infinite number of "rithmatic operations

to produce s'n exact solution, that is an indirect method has a

truncation error.

The best known and most widely us'ed finite tr.'chnique for

the solution of simultaneous linear 3qu~tions is generally

referred to as the method of Gaussian Elimination. This method

expresses every variable intcTms of the other variables. T8king

any first approximation to the solution, the 8xpression for

each veriabls is solved for a nleWappro;:imation. Th" process is

repe'3tsd till the valu8S attain the req!iired precision. 1\ numerical

method in which a succession of approxiMation is made is called

an iterative technique. ~ach step, or approximation, is called

an iteration.

, .1.',"
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Of all the iterative techniques, the most common one,

marked by its simplicity and the caSB with whi,ch it may bB

programmed fOr a high-speed computer, is thB G3u~~7S8idel

iterative method. Though its round-off Brror is small, t'hB

method convergBs only under certain corditions_".U:r;IO;:ki~:t. thB
.N!'

conditions for convergence' are often sctisfied when parti",l

differential equEitions are solved (35) numiorically by ccri':3i"

techniques. The power network equation, fall in this group.

To illustrate the method, let us consider the case cf

three equations in three unknowns:

all Xl + a12 x2 + a13 x3 : bl (A-l;

821 Xl + a22 x2 + a23 x3 : b2 ... ( A -?)

a31 Xl + a32 x2 + a33 x3 : b3 ... ( 1\ - c' :

Let all
.,j 0; . a22 I 0; a33 I 0 and rewriti"g t'J e equa tj.n n s

-:.

,':.'

...

...
( 1\-4 )

( A-5)

( I\-f:

We now take any first approximatiJnto the solution; ce

,t (0) (0) d (0) (.
• Xl ; x2 an x3 • We solve 1\-1) for a now approxim,c'~.::.:"

to Xl:

:
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we solve the eqn.

=

Finally we use the newly computed v.ailuesof Xl and Xz in (A,.6)

to find a new value of x3'

This completes one itBration. We can new start all ov~r by
. (0) (0) (0) (1) (1) (1)replac1ng Xl ,xz ~nd x3 by Xl ,xz and x3 . and

find another approxim"tion. In general, the Kth approximation
is given by:

(k) ...L (bl
(k-1) (k-1)Xl - alZxZ aU x3 )all

(k) -L-(b
(k) (k-1)

Xz = - GZIXI - a23x3 )aZZ Z

(k) _1_ (b - (k) (k)x3 = a31xl - a3ZxZ )a33 3

(A-8)

( A-9 )

It may be noted that the most recently computed values far

each X are always used and that we cannot calculate x2(k) until
(k).h b t d ."1 . h . (k)Xl as een compu 8 • ~1m1 arly, t e c~lculat1on of x3

requires the prior calculetion of xl(kJ and XZ(k)

.EXtending now equations (A-7) to (fl-9) to n equations

in n unknownSi the Kth approximation to X. is:
1

( k)
x.
1

-< .••. -••.• -9inXn(k-l)) i = 1,2, .. - , n ( i\-lO)

•
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Tho process is iterated until 811 xi
1k) Bre sufficiently

:'_"~

clo se to

to let:

( k -1)x.
J. A typical way of determining closen8s~,is

max ... (A-11)

where the maximum is taken OVEr all i. Then if:

... ( A-12)

where E is some predetermined small positive number usually

called the tolsrance limit. the iterCltion process is stoprJed.
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I\CCELERATED COf'JVERGEf,CEOF THE G.5. ITERATIVE ~1t'rHOD

In any it'.,r3tivc--rocess if th,,.it,C"rationspI'bduce approxi-

m~tions that aporoach the solution mors and mOre closely, the

it8rative method is snid to converge. If. on ths other hand,

the iterati.ons proGuc'e 'approximations thnt are more and more

further away from the solution. the iterative method is said

to diverge.

Experience (27.32,35) with the GOuss-5eicJd method of

solutions has shown that an excessive number of iterations are

required beforB the final values arc within an acceptable

precision index (toleronce) if the corrected value at one

iteration merely rcplaces the best pr2V10US value as the

computations proceeds from on8 iteration to another iteratio~.

The number of iterations required is reduced considerably if

the correction in each value is multiplied by some constant

that increases the amount of correction to bring the final

value closer to the value it is approaching. The multipllers

that accomplish this improved convergence arc called Bcceleration

factors. The difference between the newly calculated value and

the b~st previous value is multiplied by en appropriate accBie-

ration factor to obtain a better correction to be added to the

prEvious value.-

To explain this, the value obtain8d from equation (;\-7)
may be modified in the following ~ay:



x l( accelerf1tccd)
(k-l)

= xl + 0:
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( 1\-13)

wher8~ ~he parametsr a is called the relaxation parameter or
mtif'e commonly acce18ration factor.

The acceleration factor for the real component of the

correction may differ from that for the imaginary component.

For any system, optimum values for acceleration factors-exist,

and poor choice of acceleration factors may result in less

rapid convergence Or make convergence impossible. In gc'neral

(27,28,31,32) the value of 0; lies between one and two i.e

1 < ex .( 2. An accderation factor of 1.6 for both real Clnd

imaginary components is usually a good choice.
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APPENDIX,,13(1)

5UMM~RYOFTRAN5FORMATION

In the following analysis, the lcwer caso indices m,n.j and

k 'are tensor indicBs; and the capitals .G and L are

identjfication indices referring to g',n'or,3tor and load raspec~

tively. Whenever 2 repeated tensor index "ap083rs in a product
a'summation on that index is identified.

Transformation to Reference Frome 1

Let us consider Fig, 3,l( B), if any point R in this

m

I 'Gn~cY-
ARBITRARY
TRAN5MISSW N
NEHiORK E

L"

Sources

-- - - --'>-

Loads

Fig, 3.1(8) 5ch~matic diagram of a system connecting sources
and, loads by an arbitrary transmission network,

transmission system is chosen as referr"ncc point as shown in

Fig, 3,5(8), Then the following sci of equationi-may be written

in terms of all the genE'rators and 108' self and mutual impe-

dances with respect to the reference p(,int,

EGm ER Z '
ZGm_L~

IGnGm-Gn

= (13,,1)
ELj ER ZLj_Gn Z '

ILkLj-Lk "



....,'--

Re ferenc e point .R

IGm
ER

---~ -- ELk ILkEGm --- T~\--; , } -m . /' '" /. '\ ..••...

l"n --\::~t"ELj ILj-EGn Ii /1 Z ..( -/ Gm.-Lk ,
/ ZLj_Gn- / ,

F Z ,r--- Gm-Gn ZL' .,k ---), F~ J-c.

'Fig•...3.,5(B) Self and mutual impedances for trcmsmission
network (reference frame 1).

where

m; n ::::::number of sources

j. k = numb8r of loads

G,L = identification indices r2fering to g5n~rator and
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.
Z . =Gm.,.Gn

ZLj-GnL
Z J-Gm-Lk .

load respectively •

self and mutual impedances between the generators

self and mutual impedances between the generators

and the loads

ZLj_Lk = self and mutual imp~dance )etwaen the loads

for example, let us consider a si~ple system with three
\

generators and two loads as shown in F.ig. 3.6(B).. Equation

(B.l) would then be written as
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L

Fig, 3,6(B): Simple system with generators and 2 loads,

£GI - £R ZGI_GI ZGI_G2 ZG1_G3 ZG1_ll ZGI-L 2 IGI

£G2 - ER ZG2_GI ZG2_G2 ZG2_G3 ZG2_11 ZG2_L2 IG2

EG3 - ER = ZG3-GI ZG3_G2 Z ZG3_11 ZG3_L2 IG3 (B,2)G3-G3

Ell ER l Zll_G2 Zll_G3 Zll_ll ZLl_L2 IIIll-GI

'£L2 .;.. ER ZL2:"GI ZL2-G2 ZL2_G3 Z ZL2_L2 \2L2-Ll
-'

Transfcfr.mation to Reference Fram~_2.:

In this step, it is desired to eliminate the individual
load currents as variable, since

the generator powers, It is to be
the final result involved only

equi val ent
notEd that the/load current

at a bus is defined as the sum of the line charg~ng, synchronus

condenser and load current at ihat bu~.

Let us assume that each equivalent l.oad current r.emains a
.constant complex fraction of the total equivalent load current.

Such an assumption is reasonably valid for most of the loads,
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Now we define ( 21) IL = L ILjj

By the above assumption ILj = IjIL ...
(B.3)

( B.4)

Then for the system given by the Fig. 3.6(B-) and equation (B.2).

we may wri te 151 = 151

152 = 152

15 = 153 (B.5)3 ...
III = lIlt.

IL2 = 12IL

The preceeding relation may be written in terms of- a matrix

of transformation;

I 1 I
Gl 51

152 1 152 (B.6)

IG3 1 153=

III 11 IL

--IL2 12

Thus the currents of reference frame 1( II) are related to the

currents of reference frame 2(12) by a matrix of transformation
_ 1
1..2

where

C 1
2 =

1

1

1 (B.n
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The concept of the transformation matrix C allows a given

circuit to be modified to a new circuit in such a manner that

the power input remains invariant, By denoting the quantities

pertaining to the original circuit by the subscript old and

the quantities pertaining to the desired new circuit by the

subscript ~ ' In general, it has been shOwn by G, IKron (30)

that if the set of currents Iold pertaining to the old circuit

is related to the new currents I by a transformation matrix Cnew
such that

= C I new , ., (B,7)

and if the power is to remain invarian~ the new set Df ~oltages

is given by

E Ct
-l(

E= . . •new old

and the new set of impedances is gl.ven by

Z C lIE Z C= ,,new t old

(B,8)

(B,9)

The mjtrix Ct-l(is obtained by conjugating the elements of the

matrix Ct' Here our transformation matrix is C2
1 as given by

equation (B,7), The symbol Ck
j is used to indicate the trans-

formatiOn from set ,Or reference frame j to set a reference

frame k,

Using equation (B,9) for the syst,m illustrated we get
reference frame 2 impedance (21) as



1

1

1

1* 1i(1 2

EG1- ER

EG2 - ER
-EG3 - ER

Ell - ER

=

EG1 - ER
E52 - ER

EG3 - ER.

E - EL R

(B .•12)

C i<
t = Enew



The calculatiDn Df E -E is indicated in detail below,L R

By defining

Since

we have
ER) = EL - E R

FrDm equatiDn (B,6); (B,lO) and (J.12) we have the reference

frame equation fDr the system illustra;ed.

E - ER Z Z. GI-G2 Z al IGl...Gl GI-Gl GI-G3

EG2 ER ZG2-Gl ZG2_G2 ZG2_G3 a2 IG2
= (B,13)

EG3 - ER ZG3_Gl ZG3_G2 ZG3_G3 a3 IG3

EL - ER cl c2 c3 w I .ILJ
It will be nDt~d that the effect Df each load current has been

replaced by a single total load current (IL), fnd is general

we write equation (B-13) as

Z. 1
GITi - Lk k

where
am =

•
=

Z Gm-Gn
(8,14)

i<cn = 1j ZLj_Gn

w = 1/ ZLj:"Lk 1k

E
L

= 1. i< E
J Lj
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G
n

..••..
I \_.~
,~'

Fig. 3.7(8)

Reterence point

Hypothetical load
point

Equival8nt circuit ",ith respect to
Reference Frame 2.

!

The load point L does not '1xist i, actual network. 50 it

can be visualised as a hypothetical load point. it is evident

from equation (8.14) that the component of the voltage drop

EGm - fR due to load current IL is given by amIL• Similarly

the component of the voltage drop EL - ER due to generator

current IGn is given by cnIGn• The imp "dance w is the self

impedance between ~he hypothetical loaj point and the reference

bus. The next step in hext step in our analysis ~fll be the

":'elimination of total load current (IL) as a variable.

'Transformation to Reference frame 3

Since the, load current is suppliEd by the generators, we

may accomplish this by the rslationshiJ that the summation of

the generator currents must be Aqual 21d c~~n~itG to the summation

of the load currents.
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50 for the system illustrated in F~g. 3;6(B) and~;g"rClation

(B.13), we may write

IGl = . I G{

I G2 = I G2

.'q,: }.- (B.15)
IG3 = I G3".~

IL = - ( I Gl + IG2 + I G3 )

The. above. relation may be written in terms of a matrix Or trans-

formation as. indicated below:

I Gl 1 IGl

IG2 1 I G2 ... (B.16)
=

1G3 1 IG3

, \ -.J. -1 -1

Thus the currents of reference frame 2( 12-) are related to the

currents of reference frame 3( 13) bY.2 l11atrix of transformation
2

C3 • where

1

2, 1
C3 (B.H)=

1

-1 -1 -1

The new voltages .of reference frame 3 Jre then given by the

equation (B.8).
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.1 -1 E51 - ER l - EL51
1 -1 E52 - ER E52 - ELE3 = = (B.18)

1 -1 E53 - ER EG3 - EL
EL ER

Ct
-l< E Eold - new

The new impedance matrix; as indicated by th e equation
','-.'

(B.9) will be (21) as

(B.19)

(B.20)

fGl - EL Zl_l 21_2 Z 1511-3
EG2 - EL = Z2_1 Z2_2 Z2_3 152 (B.21)
E53 - E Z3"-1 Z3_2 Z3_3 153L

And in general

J
EGm - E [ - ( Z - a - c + w f

~

(B.22)L m n- 5m-Gn

=~5Jm-n .Gn

The circuit of reference frame 2, given by Fig, 3,7(B);

has been modified as indicated by equation (B.22) to that given

in Fig, 3.8(B).
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Hypothetical
load point

Fig. 3.8(B) Equivalent Circuit with rF.spect to
R8ference Frame 3.

Obviously frame 3 impedance are not symmetrical. Hence it

is not possible to represent-the abovE. circuit on the analyser

through the use of static circuit elerrents. Thus direct measure-

ment of these impedances is not feasible. But they can be cal-

culated directly by the use of digital computers as demostrated

inChapter-3.
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APPf:NDIX-iH2)

Nodal load flow method ~f determining r8ference
frame 3 voltages

(Iterative eir~~t. salu tion)

We have establi shed that total 10 ad current J. s to be

supplied by one generator ata time to get the corresponding

column of frame 3 impedances. We assu~e that the bus connected

to the generator which takes all the load current in turn, is

the swing bus and we arbitrarily specify a voltage magnitude

and angle for that bus. All other bUSES are then load buses.

let I(k) be the current entering at some load bus k.

Then from node equation at that bus we can write'

I(k) = Y(kl)E(l) + Y(k2)E(2Ji...••+ Y(kN)E(N) (B.23)

Where the admittances are the self and mutual admittances at

the nodes as usual. E(k) is the frame 3 voltage at bus k ahd

N is the total number of buses.

Rearranging the above equation we (20) can write

E(k) 1 (I(k) - Y(kn)E(n)= Y(kk) ....
let Y(kn) = G( kn) + jB(kn)

I(k) = IR(k) + jII(k)
E(k) = ER(k) + jEI(k)

(B. 24)

(B.25)

Then from equation (B.24). solving rea.'.and imaginary terms,
we (20) get

ER(k) = IR(k)Gl(k) + II(k)Bl(k)-"1l(k,n}ER(n)-Yl2(k,n)EI(n)

(B.26)
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EIlk) = IIlk)GI(k)-IR(k)Bllk)-YL2(k,n)ER(n)+YLI(k,n)EI(n)

(B.27)

Where,

YLl(k,n) = G(kn)GI(k) + B(kn)BI(k)

YL2(k,n) = B(kn)GI(k) - G(kn)BI(k)

GI(k) = Glkk)/(G2(kk) + B2(H))

BI(k) = B(kk)/(G2(kk) + B2(kk))

(B.28)

•

'I

Equations (B.26) and (B.27) can be solved by Gauss-

Seidal iterative method (27) to find frame 3 voltages •
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APPENDIX-C(l)
CO-ORDINATION OF INCREPIENTAL COST

..
Consider thE. simple system of Fig. 5.l( C) in which we

have a single plant supplying a single load. It is desired to

know the incremental cost of

dFl

~ __ Pl ----~_I__
P 1_ 8 MW P

L
= 3Mlrl

1 - ~P =5MWR

Fig. 5.1( C) Simple one-plant s:,stem.

received power. Let ~PR = 5 MW.ASEume that to supply

this increase in received power it is necessary to increase

PI by 8 r"lw. Then ~PL = 8 ~lW- 5 Mlrl= 31'IW. If the cost

a.t the plant bus bar ~s assumed to be threB takas per MWhr;

then the cost at thB receiver is givBr by

API
Ap

R

= 3 ,X
8
5 = 4.e takas per MWhr.

or 71.... = 3 x
1 -

= 3 x
1

1 - t

= 3 x
1.
i = 4.8 takas per MlrJhr.
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APPENDIX-C(2;

ITERATIVE PROCEDURE FOR SCHEDULING OF GENERATION

The iterative procedure involves a method of successive

approximations(l) which rapidly conve:cge to the correct solution.

From equation (4,7) of the Chapter-4, the exact co-ordination

equations are given by

dFn
+ .?\.

oPL A..dPn w- = ...
n

Or F P + f +~ '> 28 P = 7,-nn n n m mn m

collecting all coefficients of p. we ~btain
n

(C.l)

(C.2)

P (F + A. 28 .) = - 7\.. (
n. nn nn

Solving for P • WE: obtain
n

f
1 n 28 p

P X mn m= Fn nn + 28
A... nn

"\ 28 P) - f + A...
L- mn m n
m~V'I

(C.3)

(C.4)

This iterative procedure is programmed and shown in Appendix-C(41.
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Calculation of G"neration SChedules for the Case of
Neglecting Transmission Losses:
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From eqn. (4.13) we have;

dF
P F f (= .n ) =7\.. (C.5)+ dPnn nn n

?\... :0- f
P n (C.6)or = Fn nn

From fable 4.4 we have

Values of F and fnn n

Plant n

1

2
3

Case: (i) ~ = 1050

F
nn

(slope)

20
66.67
66.67

f
n

(intercept)

625
1175
100]

20Pl = 1050 - 625 = 425 i ..e Pl = 21.25

56~67P2 = 1050 1175 = - 125 i.e P2 = - 1.875
66.67P2 = 1050 1000 50 i. 8".

r.:: = 0.749962- ,3
Total gsneration(PT)= 21.99960 MW

Case (ii) ~ = 1310

20Pl = 1310-625 =685 J..8 Pl = 34.25

66. 67P2= 1310-1175=135 i-.,e P2 = 2.02

66.67iJ3",1310-1000=310 i.e P3 = 4.65

Total generation (f'T)= 40.92 MW



Cese (iii) '" = 1570

20Pl = 1570 - 625 - 945 ~" 8 Pl = 47.25

66.67P2= 1570 - 1175 = 395 i. a p
2 = 5.92

66.67P3= 1570-1000 = 570 1 ••e :> = 8. 55, 2
lotal gEnEration ( ,oT)= 61. 72r~vJ

Casa (iv) J\ = 1830

20P1 = 1830 625 = 1205 i. e P1 = 60,25

66,6 7P2= 183LJ - 1175 = 655 i ..e P2 = 9.82

66,67P3= 1830 1000 = 830 -i .. e P = 12,4493

Total genaration ( PT) = 82, 50 ~IW

Casa (v) 1\ = 2090

108

20P1

66,67"2

66, 67P 3

= 2090 - 625 = 1465 c,a P1 = 73.25

= 2090 - 1175 = 915 ',a P2 = 13,724

= 2090 1000 = 1090 c,a P3 = 16~349

Total ganaration(PT)=103,32MW

Casa ( vi) A. = 2350

20P =' 2350 625 = 1725 i ..e P1 = 86,251
66,67P2 = 235El - 1175 = 1175 :t. •. 8 P2 = 17.624

66,67P3 = 2350 HlOO = 1350 :e, a P3 = 20,249
Total gsnarat:eon( PT)= 124,125r1W

Casa ( vii) ?\. = 2610

20P1 = 2610 - 625 = 1985 _~••8 P = 99,251
66,67P2 = 2610 - 1175 = 1435 :',. a P2 = 21,5239

66.67P3 = 2610 1800 = 1610 :'...e P3 = 24,1487
Total generat:,on( Pr)= 144,92 Mvl



~DOS FORTRAN IV 360N-FO-l,79 3-.'3"
•

OPT IONS IN EF FECT
.'

LOAD

DECK

I I S1"

~._.LISTX

=4

NO

YFS

NO f"". ,

;

EBCD LC ._. _

." l>t

••
'J•. f'~

,

APPENDIX-A(3) A
I

, 4
• -i~'.

• •.. - !
"'"

I• 1• I
J
I
•I

.lIt .
•

,

,

"

•

-----------------------------..-.;.'.1;:_'-------------- _

'.---~_.•..••.... ......:.." ..
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IN IV 360N-FO-479 3-8 MAINPGM DATE 25/06/80 iTIME 13.26.3

j

J
't
'I
I
I

21

1 8
19

20

91

999

22
222

23

1222

C
C 115

24

c
c
c

12
____I.)

AMINUL HOaUE/ eUET /MARCH.1980
lOAD FLOW STUDIES BY DIGITAL COMPUTER
GAUSS SEIDEL ITERATIVE METHOD OF SOLUTION
o I MENSION' L I NE( 18. 181 • G'! 100) '.B( 100 ,I• BS( 100) • YL 1 ( 100 I • YL 2 ( 100 l • V( 99

1 J , PO( 9 q) •aD ( 991 • ANGLE ( 991. EER,( 18 I , EEH 18 ). RL 1 ( 18 I, RL 2'( I 8 J , STER,(18)
2 • STEl ( 181. CaRR ( 18 I , CORI( 18). PG( 18 I • a G( 18 ). PL ( I 81 • OLO( I 8) , P (99 I •
4 Q ( 99 1

WRHE(3,911
FOR~AT (SIX,'AM1NUL HOQUE / BUET / MARCH,1980'//1

_____ ~!3=,E,AD(1, I I) N, CI • TOLE~R~.~l~T~M,~A~X~ ~ _

WRI TE (3.90)
______ W~R~I~T_E,~o_(1l_',_"I,_1,,2'=_"J ~ =__~ _

112 FORMAT(30X.'TDTAL BUS'lOX.'ACCL FACTOR' 16X,'TOLER'16X."lTMAX'/1
WRITE(3,12) N,Cl.TOLER,Il'MAX
FORMAT (32X.14.15X.F6.2,15X.FIO.5,15X,141
FORMAT ,I 14. F6. 2, FlO. 5 •.)..1..) _

I= I
______ R~,-~E""'-_p,-Cl-;-IlU-JJLINE ,(K.~U. L=.b1i1_,~K~=~I_~.~N~l~ _

WRITE (3.901
______ 'r!~'~R~CL_l~'~1~9~1 _

119 FORMAT '!58x.'OATA OF LINE MATRIX'/1
~IRI TE ,(3 01 9 1 « LINE ( K, L1 , L= L.~N~I_,__,,_~K~=~I~.~N~1 ~ ____'

FORMAT (26121
FORMAT (4IX.26I2)
WRITE (3,90)
WRITE (3,12221
FORMA~'!/47X.'RESISTANCE.6X •• REACTANCE'3X,'SHUNT SUSCEPTANCE'/l
J=N
DO 20 K= I. N
G(K)~O.O
B(K)=O.O
DO 24 K= I. N
DO 24 L= I, N
IF(LINEIK.L)J21.24,21
J=J+I

______ ~.EAD{l,22) Rl.XI.XS
WRITE (3.2221RI,XI.XS
FORMAT (3FIO.5J
FORMAT (4IX.3FI5.5J
TERM=RI**2+XI**2
G(JI=-RI/TERM
B(JI=Xl/TERM
BS(JI=XS*0.5
G( K) =G,IK ) - G( J.l
BCK1=B(KI-BIJ)+BS(Jl
WRITE (3.1151 K,G(K).K.BCKI
FORM"'. (30X.,"G(' 12,. 1f)=' E15.7"lOX,. "8("12, .:>=,. E15 .•7)
CONTINUE
WRIT E (3.90)
I-m I TE (3,9991
FORMAT (/32X,"PG" 19X,'I'QG" 19X,,"PD"18X ."QD"/:~
DO 102 K=I.N
Rt=AD (1,179) PG( K ),QG( K1 ,POI K) .QOI K)~
~1l<ITE (3.9999) PGI-'S.l.,,-Q_G_(_K_l_~.~P~D~(_K~)_,~Q~D~(~K~l _

; -

•

- - •......... - -:. 4 _t'l- .,"*-~'_ _ ..-IL. __ . .- ••• - -_ .••• --- .____. ••••. .-- - - ..•



,N IV 360N-FO-479 3-8 MAINPGM DATE 25/06/80 TIME
".

I,

"

,
I

l~ __

C

C
C

C

C
C

C
C

25 PIKI=IPG(K)-PDIKJ*0.71
Q{KI=(QGIKj-QDIKJ.0.7)

101 EER (K J=1 .0
EEl 1K) =0 .0

102."CONT INUE
______ p_(~n_=0 .0

QI1I'=0.0
EER ( 1)= 1.05

179 FORMAT 141'10.61
9999 FORMATl16X, 4F21....J?.)

99 J=N
~~,WR]TE (3,,90J

DO 35 K= I. N
GI=GIKJ/IGIKJ*.2+BIK)*.2)
Bl=B(K)/IG{K)**2+B(K)**2J

C (mITE (3,114J K, GI, 81
C 114 FORMAT (lOX, .K=~ 12, lOX~ 'Gl=' E15.7, lOX.,'BI=- E15.71

26 RLIIKJ=PIKJ*GI-QIK1*BI I

RL21KJ=~QIK).GI-P(KJ*BI
C ViRITE 13,113) K, RLIIKJ, K, RL21K)
C 113 FORMAT II0X., 'RLl(' 12, 'j='EI5.7,IOX, 'RL2I" 12, '1='EI5.71

DO 35 L=I,N
IF ILINEIK,L) 34,35,34

34 J=J+I
YLl(JJ=GIJl*GI+BIJJ*BI
YL 2 IJ I=8 IJ )* G 1~G ,(J )*B 1
WRITE 13,851 J,YLllJl,YL2IJJ,GlJJ,BIJ),GIK.I,8IKI,K,L

85 FORMA~C20X '..1..2..,.5X,.6F 10.5,16" 5X OJ I 2)
.35 CONTINUE

WRITE .13,90.1
36 ITER=O
38 ITER=ITER+l

J=N+1
DO 46 K=2,N
STERIKI=O.O
STEI(K")=Q,.O

39 DO 42 L= I, N
IFILINEIK,L» 100,42,100

100 J=J+I
41 STERIK'=STERIK)+YLIIJ)*EERILI-YL2IJI*EEIILI

,STEIIK)=STEIIKJ+YL2IJ).EERIL)+YLIIJ.I*EEI(LJ
42' CONT INUE

AMINUL HOQUE/ENGG COLLEGE/CTG
AMINUL HOQUE/MATLAB/COMILLA
DIVIDE=EERIK)**2+EEIIKJ**2,"
ER=IALlIKI*EERIK)-RL2(KI*EEI(K)I/DlVlDE-ST~R(KJ
EI=IRL2(K)*EER(K)+RLIIKJ*EEIIKI)/DIVIDE-STEIIKJ

4.3 CDRRIK.I=IER~EERI KJ) ..,
CORI IK )=1 EI-EEI( KJ)
AMINUL HOQUE/NORTH BARI BHANGA/CGMILLA
AMINUL HOQUE/COMILLA

44 EER(K)=EER(K)+CORRIKl*CI
EEIIK)=EEIIKJ+CORIIK)*CI
AMI NUL HOQUE

~-".,,-. •.. .•..~..
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;N IV 360N-FO-479 3-8 MAINPGM DATE 25/06/80 TIME 13.26,.3

,,

,

1 1X , ~ EE I ( ~ , :r 2 :t ,'t ') =:1 .,E.15,. 7/ ) .

•

46

48

59

178
60

ZOO
56

18 I

2Z00

1 178

_~~.1~190

~~~l ...J 75

__ ~_174
176

CONTINUE
IFIITER-ITMAX) 48.54,54
DO 52 K= I, N
IFIK-Il 49.52.49

49 IFIABSICORRIK1)-TOLER)50.53,53
50IFIABS(CORIIK1)-TGLER) 51,53,53
51 IF'IK-N) 52,.54,54 ,,'
52 CONTINUE
53 GO TO 38

177 FORMATI2FIO.51
175 FOR~AT t/37X, 'EER('~I2, .)=~~E15.7~

54 WRITEljL,55) ITER
55 FORMATI64X.'ITER='l4)

,\'IRITE13.901
\VRITE 13,1175) ,
FORMAT (/4IX, 'REAL VOLTAGE'18X,'REACTIVE~VOLTAGE'/)
DO 176 K= I • N
WR IT1,,_13, I75) K.EER CI$J_, ,JSc.~'E~E=I~I~K=) _
CONT INUE
~IRITE 13,90)
vlRITE 13.22001
FORMAT 1/36X.'VOLTAGE MAGNITUDE'16X.'ANGLE IN DEG.'/)
DO 56 K=l.N
VIK) =SORT IEERIK 1**2+EEI '(K)**2-'-)~ ~ ~ -----
ANG~E IK1=ATANIEEIIK)/~ERIK})~180./3.1415926
WRITE (3.1811 K,VIKJ.K,ANGLEIKI
CONTINUE
FO RMAT {/ 3 7 X,, • V ,( .• , I 2. I .> =,11 , F 1. 0,.6 , 16,X ,,'. ANGL E. ,e '~ '. J 2 " 'I ') = "I '.' FlO. 6/ '}
VIRITEl 3 ,90 ,I
WRITE (3d 1713)

.1,FORMATI/46X.'SUS TO BUS'6X,'REAL POWER'9X.'REACTIVE POWER'/)
J=N
DO 60 K= I, N
PLIK)=PGIK)
OLOIK)=QGIK)
DO 60 L=l,N
IFILINEIK.LI) 59.60.59
J=J+ I
SUBR~EERIKI-EERIL)
SUBl=EEIIK)-EEIILI
SUl=EERIKI.SUBR+EEIIKI*SUBI

__ --~~_S_U_,2_-_-_E__E_R__IKJ .SUB l-EE IIKJ*SUBR
PIJI=ISUZ*BIJI-SUI*GIJII
OIJ)=-IIEERIKi**2+EEIIK1**21*BSIJ)-SUI*BIJ)-SUZ*GIJI)
PL 1K )=PL 1K :)+P 1J)
OLO( KJ =OLO(KJ+OI J) •

WR1TE{ 3 ,1 78) K, L , P 1J J ,0,1 J 'J
FORMAT (4?X,I4.,2X,13,5X"F14,.9,.5X"F14.9)
CONTINUE
TGEN=O.O
TLOA 0=0.0
WRITE 13,90)
WRI TE (3d 18()',)
FORMAT(/26X,'K~15X,'V.l1X,'ANG~12x,qPL~11X~~QLO~12X".QG-IIX,'PG'/)



.~N 1V 36ON-FO-4 79 3-8 MAli'-JPGM )ATE 25/06/80 TIME 13.26.3

DO 61 K.=1, N
TGEN=TGEN+PL(K)
TLDAD=TLOAD+PGIK)
QG(KI=-QGIKl ..
WRITE(3, 180)K.V( K),ANGLE(K) .PL(K). OLOeK) .QG( Kl .PG(Kl

180 FORMAT(25X. 12. 5X .6£J,,-~•.~6~.) ~ -+-I ~_~

61 CONTINUE t
WRITE (3.90.)-

90 FOR~AT(25X'------------------------------------~------------------

2--------------------~----------' I
TLOSS=TGEN-TLOAD

______ W_R_I_T_E_L-'.:,222) TGEN• TLOAD, TLl:lS_S~~-----------~--~-----~------
WRlYE (3,909)

909 FORMAT (//60X. 'END OF JOB'
83 CALL EXIT

END

•

- _._-
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5 FORTRAN IV 360N-FO-479 3-8

OPTIONS IN EFFECT

LO",D_ =4__ ~ _

DECK NO---
LIST YES

LISTX NO.,.----

-EBCDIC

'- ----------------------------------------------

- -"_.- - -------------------------------------------

APPENDI)(- B (.~)

-~-~ --- -------------------------------------------

--------""t--

- - ---------------------------------------------



~V 360N-FO-479 3-8 MAHJPGM DATE 23/05/80 TIME 12.50.12

BCD 014
BCO 015
BCO 016
BCD 017
BCO 018
BCD 019
BCO 020
BCD 021
BCO 022
BCD 023
BCD 024
BCD 025
BCD 026
BCD 027
BCQ 028
BCD 029
BCD 030
BCD 031
BCO 032
BCD 0:33 ,
BCD 034
BCD 03S'
SCD 035
BCO 037
BCD 03B
BCD 039
BCO 040
BCD 041
SCD 042

C
,.C

91 I

I 5
91S
16

1202

200
202

17

119

18
19

20

21

9222

22
222
1 1

. ,

AMINUL HOQUE / SUET / MARCH.1980
DETERMINATION OF TRANSMISSION LION LOSS CDEFFlCIENTSIB-COFFS)
o ! '"E NSION L I Ni' I I 8, 18) , B( 1 00) , YL 1 I 100 ) , YL2 I 100) , v ( 18) , PL ( I 8'J , QLDI 18

1 1, ANGLE( 18) , EEP.( 18) , EE II 18 ) , RL 1( 18 J , RL 21 18 ) , STER ( 18 J , ST E I( 18 ) , CORR
21 18),BSI 1001 .,PG( 18) ,OG (! 8) ,ALl(la) ,AL2( 18) ,OLI 181 ,AILR! 18) ,AlLI 18)
3 ,ANGLD,( 18) ,R(S"S) _,XC5,.,5J,A (5,5J .,H( 5,., 5) .,BC( 5,5).,S (S,) "CORS'S } .•NCO>.J(S
1,),PBI5),RRIS,5), G( 100) ,.AILIIIBJ,CDRI(IB),XX(S.5)
WRITE (3,91')
FORMAT 147X. 'AMINUL HOQUE / BUET / MARCH,19BO'//)
READ ( loll) N,M,Cl,TOLER.TTM,Al,TOL, ITMAX
WRITEI3,90)
WRITEI3.91!) N.M,CI,TOLER,ITM. Al.TOL,ITMAX
FORMAT(/23X,I4,,7X,14,5X.,F6~2,5X,FI0.5 .•5X.I4.,5X~F6.2.,5X~F8.5,3X,I4)
WRITE 13,90)
WRITE 13,19IS)
00 16 K=I.N
READ (I,IS) VIK),ANGLEIK),PL:(Kl,QLOIK) ,QG(K) ,PG[KJ
'FORMAT(/28X,"lt V I 11 X., 16,NGLE' 1 OX, 'II PL' llX., 'I OLD' 12X.," QG-12X' PC' /)
WRlTE(3.91SJ V(K.),ANGLEIK:1 ,PLIK) ,QLDIK) ,OGIK) ,PG(K)
FORMAT (6Fl 0.5 J
FORMATI19X,6FI4.6)
CONTINUE
READ 11,200) INCONIJ),l=I,M)
WRI,E(3,90)
~qRITE(3, 1202)
FORMATI/45X,'ND. OF CONNECTIONS TO GENERATOR BUSES'/)
WRlTE13,202) (NCDNIIJ,I=I,MJ
FORMAT(314,)
FDRMATI36X,3114)
00 17 K=4,,13
QLI K )=QLO (K')
READ I I,1B) «LINEIK,L),L=J.N) ,K=j,N)
WRITEI3,90)
WRITE (3,119)
FOR~AT C/53X,'DATA OF LINE MATRIX'/)
WRITE(3.19) IILINE(K,LJ,L=I,NJ,K=l,Nl
FORMAT .(2612)
FDRMATI37X,2612)
J.=N
00 20 K=I,N
G'(K)=O.O
B(K)=O.O
WRITE (3.90)
WRITE (3,9222)
DO 24 K= 1, N
00 24 L= 1, N
IF (LINE (K.Ll) 21,24,21
..1=..1+1
READ 11,22J Rl,Xl,XS
FOR~ATI/43X,'RESISTANCE'6X.'REACTANCE'3X.'SHUNT SUSCEPTANCE'/)
WRITE '13,2221 RI,Xl.XS
FDR~~AT [3FIO.51
FORMAT I 37X,3FI5.S)
FORMAT (214,F6.2,FI0.5~I4~F6.2~F8.5,14)

3CO
8CD
BCD

01 1
012
0.13



V 360N-F[J-479 3-8 MA1NPGM DI\TE , 23/06/50 TIME 12.50.12

23 TERI~ = Rl**.2+XI"*2 BCD 043
G{.)=-RI/TERM BC[J 044
B{J) = Xl/TERM BCQ 045

C BS(J)=XS*0.5
G(K) = G{Kl-G{J) BCD 046
B(K) = B(K)-B{J) BCD 047

24 CONTINUE BCQ 048
READ ( 1.25) (S(K), K=l;,M) BCD 049

25 FQRMAT (3FIO.5) BCD 050
C WRITE l 3.500 )

C 500 FORMAT l • AA • )

IT = 0 BCQ 051
36 IT = 1.+1 SCQ 052
27 00 30 K=l,M SCO 053
30 QL (K ) = QLO(K)+QGlK)-S{K)*PG{K) SCQ 054

AILTR = 0.0 BCD 055
A1LTI = 0.0 BCQ 056

31 00 32 K= 1.N BCD 057
Z=ANGLE{K)*3.14159/180. BCQ 058
Q=ATAN{QL{KJ/PL(K)) BCO 059
Y=SQRT(PL{Kl*PL{KI+QL{KJ*OL(KI)/V{KI BCQ 060

C WRITE ( 3.501 )

C 501 FORMAT ( '. A • )

AILR{KI=Y*CDSIO+Z) SCO 061
AILI{Kl=Y.SIN{O+Z) BCD 052
AIL{Kl=SQRTlAILR{KJ**2+AILI{K)**2) SCD 063
ANGLD(KJ=ATAN(AILI(K)/AILR{KI) BCQ 064.
AILTR=AILTR+AILRlKl BCD 065
AILTJ=AILTJ+AILIlKl BCQ 066

32 CONTINUE BCD 067
AILT=SQRT(AILTR**2+AILTI**21 BCQ 068
THETA=ATAN{AILTI/AILTRI BCQ 069
DO 33 K= 1, N BCD 070
D=THETA-ANGLDlK) BCD 071
ALIIKI=(AILlK)/AILT)*COS{D) BCD 072
AL2(KJ=(AIL(Kl/I\ILT1*SIN{Dl BCQ 073

C WRITE ( 3.50 2 )

33 CQNTINUE
WRITE(:3,90) BCQ 074

99 J=N BCQ 075
DO 35 K= 1•N BCQ 076
GI=G(KI/{G{K)*.2+BCK)**21 SCQ 077
-81~B (K )/ (G {K 1**2+ B {K J "*2 J BCQ 078
R1_J(K J= {-/I 1LR{ K J*G I-AIII IK J*B 1.I BCD 079
RL2(KJ={AILR{KJ*BI-AILI(K.l*GII BCD 080

C WRITE ( 3.,90 ,)-- _.~-~-.C 503 FORMAT.{ • C •
DO 35 L.=1.N BCD 081
IF :(LINE (K.L.l) 34"935.,34 BCD 082

34 J=J+ 1 BCD 083
YLl{JJ=G(Jl*GI+BIJI*BI BCD 084
YL 2 (J.l=8( J ,).G1-G (J )*81 BCQ 085

35 CDNTINUE BCQ 086
DO 59 1= 1.M BCD 087



"

12.50.12

8CD 088
BCD 089
BCD 090
BCD 091
BCD 092
BCD 093
BCD 094
BCD 095
BCD 096
BCD 097
BCD 098
BCD 099
BCD 100
8CD 101
BCD 102
BCD 103
BCD 104-
BCD 105
BCD 106
BCD 107
BCD 108
BCD 109
BCD I10
BCQ 111
BCQ 112'
BCQ 113
BCD 114
BCD 1 15
BCQ 116
BCD 117
BCD 118
BCD 119
BCD 120
BCQ 121
BCQ 122
BCD 123
BCD 124-
BCD .125
BCD 126
BCD 127
BCD 128
BCQ 129
BCD 130
BCD 131
BCD 132
BCD 133

BCD 134
BCD 135
BCD 136
BCQ 137
BCD 138
BCD 139
BCD 1l,0

TIME23/06/80[)I\ TEMA INPGMV 360N-FD-479 3-8

DO .102 K=I.N
IF lK-Il 10.1.102.101

101 EERIK1=1,.0
EE IIK )=0,.0

102 CONTINUE
EERl 1J=1.05
EE I1IJ=0.0
1TER=O

38 ITER=I TER+l
___ .__ .. _J= N

DO 46 K=I.N
STERIK1=0.0
STEI lKl=O.O
IFIK-Il 39.37.39

3,' J=')+NCDN(l.l
;. GO TD 46

39 OD 42 L=I.N
IF ILINEIK .Ll] 100.42.100

100 J=J+ 1
41 STERIK1=STERlKl+YLllJl*EERIL1-YL2(J]*EEIILl
~ STEl(KJ=STEI(KJ+YL2IJI*EERlLI+YLllJI*EEllLJ

42 CONTINUE
ER=RLICK1-STERlKJ
El=RL21K)-STEIIKJ

43 CDRR(K]=lER-EERIKJ.l
CDRIlKl=IEI-EEIlK1J

44 EERIKI=EERIKI+CDRRIK1*CI
EE J:lK )=EE I.(K J+CDRI lK 1*Cl

46 CDNTINUE
IF IITER-ITMAXl 48.54.54

4 8 DO 52 K= 1• N
h IF(K-I) .49,,52,,49

49 IF.IABSICQRRIK) J-TDLERJ 50.53.53
50 IF lABSICORIIKI1-TOLERl 51.53.53
51 IF IK-N,) 52 .•54.54
52 CONTINUE'
53rGD TO 38
54! WRITEI3.55) ITER
55 FORMAT (60X~~ITER=~ 14 )

ELR=O.O
EL 1=0.0
DO 56 K=I.N
ELR=ELR+ALI(Kl*EER(KJ-AL2IKJ*EEIIKl
ELI=ELI+ALIIKJ*EEICKI+AL2IKJ*EERIKJ

56 CONTINUE
WRITE 13.22I1ELR.ELI

221 FORMAT (.5X,2E20.7 J
DO 59 K=l.M
DIV=iA.lLTR*.2+AILTI**2l •
RRIK,II=(IEERIKJ-ELRJ*AILTR+IEEIIKJ-ELIJ*AILTII/DIV
XXlK.IJ=IIEEIIKJ-ELIJ*AILTR-IEERCKI-ELRl*AILTII/DIV

59 CONI'INUE
,vRITE 13.901

90 FORMAT I25X ••------------------------------------------------ _

.,



y 360N-FO-479 3-8 MAINPGM DATE 23/05/80 ifIME 12.S0 •.12

BCD 141

BCD 142
BCD 143
BCQ 144
BCD 145
BCD 146
BCD 147
BCD 148
BCQ 1"9
BCD 150
BCD IS I
BCD 152
BCD 153
BCD 154
BCD 155
BCO 156
BCD 157
8C'0 158
8CD 159
BCD 160
BCO 161
BCO .162

BCD 163
BCQ 164
BCD 165
BCO 166
BCD 167
BCD 168
BCD 169

IT
'1,,=' 1.3)

61
62

900
63
64

1 150

5-----.-----,----,-----,--,---'1 -~

DO 60 K=I.M
SS=-RRCK.K)/XXIK,K)
CORSCK)=SS-S(K)

60 SIK)=S(K)+CORSIK)*Al
DO 62 K= 1. t~
IF (ABS(CORSIK) )-TOL1 61,900,900
IF IK-M) 62.64.64
CONTINUE
IF (IT-ITM) 63.64.64,
GO TO 36
WR1 TE (3, I 1 50 J
FORMATI/50X,'FRAME-3 RESISTANCE MATRIX'/)
WRITE l3,1501 (IRRIKdloI=l.MI .•K=l,M)
WRITE 13,90)
WRITE 13.2ISO.l

21S0 FORMATI/SOX.'FRAME-3 REACTANCE MATRIX'/)
WRITE (3,1501 IlxX(K,I1,I=.1.M).K=1,M)

. ISO FORMAT (43X.3F12.6/)
WRITE 13,90)
WR1TE'( 3.4ISO)

41S0 FOR~AT 139X,'CONVERGED ~EACTIVE CHARCTERISTICS OF GENERATORS'/l
WRITE (301501 (SIK1,K=I.M1' "
WRITE (3.90)
VIRITE(3, 888)

888 FORMAT (38X.'DIFFERENCE FROM THE PREVIOUS ITERATION FOR S-CHS'/)
WR ITEl 3,J SO') (C OR S IK) ,K= 1,M.J
WR 1TEl 3.90)
WRITE 13,9S)

95 FORMATl60X,
WRITE (:3,90)
DO 66 K=l"M
WRITE (3,65) K,S(K),IT
WRITE (3.901

65 FORMATI45X,I3,IOX,FI0.5.7X.I4/)
66 CONT INUE

DO 67 K=l,M
DO 67 1= 1, M
R(K, IJ.=(I<R(K,I)+l<l<ll,K»/2.
X;(K. I )=( XX 1K •I 1-XX 1 I •K ))/2 ,

67 CONTINUE
WI<IT E( 3 •5 150 )

5150 FORMAT 1/44X,'SYMMETRCAL PART OF FRAME-3 RES1STANCE'/J
WRI TE( 3. 150) « R( K, I ). I = 1 .•M) • K= 1. 14.,)

WRITE (3.90)
WRITE 13.6150)

6150 FORMAT (/42X,'SKEW SYMMETRICAL PAR~ OF FRAME-3 REACTANCE'/)
WRITE 13.I50) IIXIK .•I1,)=I.M).,K=L,M")
DO 72 K= 1 , t.1
DD 72 1= 1. M
P=(ANGLE(K)-ANGLEll»)*3.1415926/180.

_~_( K •I J = 1I•/1 V1 K J *V 1 I)) 1*." " 1.+5 IK J * S1 I) )*CDS 1P J + (S" K ')-S ( I J ) *S.1N (P J J
72 H (K. I)= I1 ,/( V.(K) *V I.1)J H111. +S 1K) * S1 I) )*SIN (P )+( S( I')'-S(K ))*C OS( P )l

WRITE (3.90)

J;
~\_.-------~~--------------------------------------~---.,'.



TIME 12 • .50 • .12

BCD 170

BCQ 17.1

BCQ 172
BCQ 173
BCQ 174
BCQ 175
3CO 176
3CQ 177
BCQ 178

BCD 179
BCO 180
BCQ 181
BCD 182
BCD 183
BCD 184

BCQ 185
BCD 186
BCD 187
BCQ 188
BCD 189
BCD 190
BCQ 191
BCD 192
BCD 193
BCQ 194
BCD 195
BCQ 196
BCD 197
BCD 198
BCQ 199
BCD 200
BCQ 201
BCD 202

23/06/80DATEMAINPGM

WRITE 13,7150)
7150 FORMAT 1/52X. 'SYMMETRICAL A- MATRIX'/I

WR ITEl 3 ,I50 I I( A IK.,1),I= 1.,M) ,K=1 ,M I
WR ITE (3.90 I
WRITE C3.,81501
FORMAT (/50X.'SKEW SYMMETRICAL H- MATRIX'/l
WR ITEl 3 •150 )I (HI K ,I) ,I= 1,MI,K= I•M I
DO 78 K= I. M
DO 78 L=I.M
BC(K.LI=AIK,LI*RIK,LI+HIK,Ll*X(K.LI
CONTINUE
WRITE 13:,901
FORNAT 1/55X.' B-COFF. MATRIX'/J
WRITE 13,91501
\,RITE (3,901
DO 78 L=l.M
BCIK,LJ=A(K,LJ*RCK,LI+HIK,LI*XIK,LJ
CONTINUE
WRITE 130150.1 .(IBCIK,Ll,L=I,M),K=I,MI
WRI TE (3.90 J
WRITE '(3.801
WRITE ,(3.901
FORMAT 125X,5FI2,71
WRITE (3,801
FORMAT (60X, 'PBP LOSSES'//I
DO 81 L=I.M
PBIL)=O,O
DO 81 K=I,M
PB(L)=PBIL)+PGIK)*BCIK,LJ

81 CONTINUE
PBP=O,O
DO 82 L=l,M
PBP=PBP+P8ILJ*PGILJ

82 CONTINUE
WRITE 13,791 PBP

79 FORMAT ;{59X., 'PBP=-fFl0.S)
WRITE(3.979l

979 FORMAT 1//60X,'END OF JOB' J
83 CALL EXIT

END

N 360N-FD-479 3-8

8150

",

78.,
9150

C
C
~C
C 78

-e
C

-e 140

80

'Ii

11.~r--~----------- ~ _

,.,



;DOS FORTRAN IV 360N-FO-479 3-8

OPTIONS IN EFFECT
--:-..::::-_-----------'7_-_- _

. LOAD __ =4. ------------------------------------

,_O,ECK __ NO _

_' _L ISI __ Y.E.S _

LISTX __ NO .•.•... _

EBCDIC _

"

, --------_."- --------------------------------------

_________ ~A~P_P~E~N.~.DIx- C (,4__) _

"_. -'- --------------------------------------

','-

.- -- .•.. _ -- .,----------------------------------------

t

!"!I - -- --...",----.-------------------------------------

- ~ ~~
tI

=\~--
~l~1
-\

•~-

---- --------------------------------------



~ FORTRAN IV 360N-FO-479 3-B MAINPGM DATE 21/06/BO TIME

c
c

29

23

28

25
26
27

24

22

20

01
02
03

21

:>8,
09 ..
\.1 0

II.
12
13.

1,14

15
16
'17

18
19

C AMINUL HOQUE / BUET 1 APRIL. 1980
__.._. __..._C. OEJJ.MLJ.M-E.C'01>lDlll.c-SJ:.~H~F~D~l!~1_1~N~G~Q~F~~G.~JO~'.tI~F~R~A~T~I~D~N~ _

o I MENSI DN 8 ( 5 • 5) • p ( 5 ) , F ( " 1. FF ( 4 ) • CORP,I "J •P 8 ( 5 )
_.._vIBLT£ __L3.,~.J.~_. '.

91 FOR~AT (47X. 'AMINUL HOQUE 1 BUET 1 APRIL, 19BO'II)
.c _.READ._.{J~nJ_LliLLK_,.LL.1= IJ.ll~X=-.L.l)~ _
C WRITE 13.B)«BIK.L).L=I.3).K=I.31

-bA __. _ ... _ .... ~READ-ClJ_JJ-Cl.F_LKJ-' K= 1••.3J~J£E.UD~.~K==~I~.~3~1. _

05 WRITE( 3.81 I Fl Kl .K=I.3) ,IFFIKl.K=1.3)
06 .1.1T=0 ... --~~-------~-----~--------------~-----
07 CRP~1050.0

. EL"J~B_O.•.o ~~ ~ ~ ~ __
22 00 2 C; K= I. 3

."._..• 25_P-<XJ =0 ._0 _

20 00 1 I K=1• 3
C __D_=:O _._O ~~ .__ ~ ~ ~ ~~ _

C 00 10 L=I.3
. C IE...(J$c:_LJ_'Ld.ib~9~~_~ ~~ ~ ~ _
C 9D=D+O(L.Kl*P(L)

__ ._._.__..__ C._LO-,C.o1:nJl~U.l£. _

C pp= (1.0-F(KI/C~p-2.0*D)/IFFIK)/CRP+2.0*8IK.KJJ
..2p_=LC8£'c:EJKU 1FF LKJ ~ ~ ~ _
CORP(K )=1'1'-1"(1< 1

1L.p LKJ.=o IK"I-,,=-CD.RplL)" 1~.~2~5~ ~ ~ _

00 13 K=I,3
.-. -. __ .__ ll~.AJ3.5J.cJ)~j5..J.J-=J)_ •.lL02J_JLd.£i.,J~'+~ _

12 IF (K-3) 13,15,15
...13 .CONLllilJE . _

1'+ GO TO 20
1 5 _TGE.~_==--O_O~.~D.._ ~ ~~ ~~ _

WRITE (3.21) (p(KI.K=I.31
..._ . _..---DjL2JL$=-L,~3~ _

IF (PIK)1 24.26.26
24 eIKI=O.O.
26 CONTINUE

DO L6_ S_=:J.,.J__ . ~ ~ _

16 TGEN=TGEN+PIKl
___ .-"IRJJ..E.-l.;;l-'2.U...J.£jj5..J-'K=-I-'.3..L .•._T~G~E~N~.,~C~R~p~ _
C DO 30 L=1.3
C .J"B.LLJ-=O.•_O_.. __ ._.__.~._.~ ~~~_

C DO 30 K=I.3
C . 30 .PH LLJ.=.28 (L)"P.(X)_,:.B.L"'- •.LJ ~ _
C P8p=0.0

~_~_C ~O,D-3J_L=...L,,_3~ _

C 31 PBP=P8p+pBIL)*p(LJ
C TLDAD=_T-"Ei'I=2BP_. ~ ~~ _

C WRITE (3,5) pBp,TLOAD
.1IT=llT+J_ ..._.__,. _
IF(IIT.GE.400) GO TO 18

3.0 .. . !~F~~(.Jj;.EJ:;=£ulll_.JLl..JLdlo_l_8 _
,31 17 CRp=CRp+130.0
32 GD TO.2.0 ... . _

5 FORMAT (40X" "PBP="F15.1.5X. -LOAD=' F15.'7/J
6 F08t>UlT. ,C3EL5 .•3J_~ ~ ~ .

-~- -_. -_._----~-----_._------~------------~-------

. -- . - ._----------------~~--------------------------



FORTRAN IV 300N-FO-~79 3-~ MA I\JPGM DATE 21/06/80 TIME 1

33 7 FORMAT 16FI0.5J
.1.34 ~8~F~nB~.L\.LJ..3jlL :}EJ 7.-9.LJ _
.35 21 FORMAT (10X.5F12.5/J
36 13J;RUE_UJ22J _
~37 92 FORMAT (//60X,'END OF JOB'
.3B __ ~ ENO ~ ~~-----------~~~-------~~--

-I

.- -' -------------~-------~~------~------~~-------~---

..---- -.- ~-.--- --------------~----------------~-----------

.- ------------~-------~-----------------~----
...•----------------------------------------------------

,"'I .•.. _~ ~ -----------~--------~--------~------~~~------



DOS FORTRAN IV 360N-FO-479 3-8

OPTIONS IN EFFECT

LOAD =4

DECK NO

LIST YES

LISTX NO

EBCDIC

APPE "-l DIX- CC'::»

,.------------------------------------------------
'\

~\

"-------------------------------------------------

- ---~~



~RTRAN IV 360N-FD-479 3-3 MAINPGM D"'TE

,"----..----- +-

19/06/80 TIME 12.

TRASMISSION L0~S
JUNE, 1980
GENERATION NEGLECTiNG
FF I3 I. CO~!PI 3}

16

17

7
B

21
18
92

24
26

11

25
20

22

12
13
14
15

AMINUL HOQUE
AMINUL HOOUE / SUET /
OPTIMUM SCHEDULING OF
DIMENSION P(3), FIBJ.
WRITE (3.91)'

91 FORMAT 147X. ''''MINUL HOQUE / SUET / JUNE.1930'//1
REA') (l.-n (FIKJ.K=I.31, IFFIK),K=1.3)
WRITEI3.B) (FIKI.K=I,3), (FF(K),K=l,3)
I I T= 0
CRP=1050.0
DO 25 K=I.3
PIK)=O.O
DO 11 K=l,3
PP= (CRP-F(K»)/FFIK)
CORP (K )-=PP--PIK)
PIK}=PIK)+CORPIKI*I.25
DO 13 K= 1,3
IF (A8S(CORP(K)-0.0021 12. 14. 14
IF I K-31 13, IS, 15
CONTINUE
GO TO 20
TGEN =0.0
WR1TE (3.2 I) I PI K), K= 1 , 3-)
DO 26 K=I,3
IF IP( K» 24. 26_. 26
P(K)=O,O
CONTINUE
DO 16 K= 1.3
TGEN-=TGEN+PI KJ
WRITE (3,2I)(PIKJ. K=I,3). TGEN, CRP
IIT=IIT+1
IF (lIT. GE. 400) GO TO 18
IF ITGEN-400.0) 17. 17, 18
CRP=CRP+ 130, 0
GO TO 20
FORMAT (6FI0.51
FORMAT 136X, 3F17.9//1
FORMAT 130X. 5F12.5 /)
WRITE (3,92)
FOR'1AT -1// 60X. 'END OF JOB' 1
END

•

C
C
C

~1-•••~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-
I,~ \~;

-,
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