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a ifa
va d ! as

=+ This program is used to calculate load flow =+«

% By NEWTON-RAPHSON method ***

¥k Main program ***

Program PAN1

Integer se 11se2,ici lin,sp

Real Jacob

complex zser,ztser,ycap,ysht,v,yser,ytser,y,vn,y1l \ys,r ts,ttr,

* y2,czllcz2,cz3,c24,c25,yp,yq,ycon,cz6,cz7

common nvar,nc,phase,error,alpha,init,ntb(30),zser(40),

* vmax(30) vmin(30),ycap(30)net(30),mth(5), power,

* vbase,tr(5),nb,nt,mab(5),pg(30),pd(30),qg(30),qd(30),

4 qmax(30)1gInin(30),nl,nsb(40),neh(40),ztser(5),

* ysht(40),v(30),yser(40),ytser(5),y(30,30),nload,ncon,

* noob,nld,nswg,nk(30),pdn(30)1pgn(30)1gdn(30),qgn(30)1

* vn(30),nbtypn(30)1gmaxn(30)1qminn(30),vmaxn(30),vminn(30),

* mtbn(5),mabn(5),dp(30),dq(30),da(30),db(30), de 1(60),
delv(60),q(30,30),h(30,30),aa(30),b(30),jacoh(60,60),
n(30),q(30),pcal(30),qcal(30),dmax,nit,cc(30),vmag(30)1
angle(30),t, (40),ylinsj1 jInog,ngn,nB, ,tplol ,tqlol,r(40),
ys,plol(40),qlol(40),tpol(5),tqol(5),yss(40),ts(5),ttr(5),
y22(30),npst,nsbp(10),nebp(10),zeta(10),nshpn(10),
nebpn(10),nlp(10),yp(40),yq(40)Icpst.cz1,cz2,c23,c24,c25,
ycon(40,40)nyy,cz6,cz71fe(10),xm(30,30),z¢(30,30),fed(10),
xser(40),d(40,40),rser(40),pf(40),am(10,10),bm(10),cnoll
amv(10,10), t 1(40)

open (3,file="LFLOW1 tatUS="new?*)

write (*,10)

*

*

>* >* >* >* >* >* >*
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write (3,10)

format (5X1'*******************************************')
write (*,20)

write (3,20)

format (5x,"*** Load Flow calculation by AR method ***'Y/,
*bx,*** Limit of this program ***'/,

*BX,'maximum bus number =30 ',/,

*bx,'maximum line number = 40 'V,

*bx,'maximum transformer =5 ',

*bX,'maximum phase shifter = 10')

write (*110)

write (3,10)

write (*,30)

write (3,30)

format (/,5x, == START to CALQULATE NEWTON-RAPHSON LOAD ALON ***
*1/,5x%,** KR UE IN BAE CAE STLDY **')

write (*,31)

write (3,31)

format (/,5x,"**** MIE TO INPUT SYSTEM DATA ****'Y/,
*5X,'l = input dBta by interactive mode',/,

*5X%,'0 = input data by disk reading mode',/,
*5X,"** Your selection = "))

read (*,32) in

format (i3)

if (in.eq.) then

call indata

else

call didata

endif

continue

call pindat

write (*,60)

write (3,60)

format (/,5x,"** Nowwe will start LF. calculation **'1/,5x,



104

*'| ‘means continue this programl|/,5x,
*’0 means stop and end this program*1/, 5x,
%% Your selection - 1)
read (*,50) se2
50  format (i2)
if (se2.eq.l) then
go to 70
else
g to 100
endif
70 continue
call modat
call ybus
call cob
call nrif
if (t.eq.]) then
go to 75
else
call output
g to 80
endif
75 continue
write (*,77)
write (3,77)
771 format (/,10x,'THIS BASE CASE IS NOT SATISFY NR MATHD If!")
go to 100
80 total = power
write (*,85) power
write (3,85) power
8  format (//,5x,**** POMR LOSS IN BASE CAE = "Ino0.4*x MV***)
call xdcal
19 continue
write (*,200)
write (3,200)



200

250

260

261

210

format (/,5x,"** Do you want to install pst. in same system ? **
*1/,5x,'l means =yes',/,

*5x,'0 means =no'Y,

*bx,'Your selection =',$)

read (*,32) sp

if (sp.eq.l) then

go to 250

else

go to 100

end if

continue

call didata

call pster

call fecal

if (cnol.eq,1,0) go to 199

call modat
call ybus
call cob
call nrif

if (t.eq.]) then
go to 260
else

call output
go to 270
endif
continue
write (*,261)
write (3,261)
format (/,10x,"THIS CASE IS NOT SATISFY NR MATHD !!!')
go to 300

continue

do 21 i=l,npst

write (*,272) nlp(i),fed(i)

write (3,272) nlp(i),fed(i)

|
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212
211

213

300

100

101

106

format!/,5x,'we put pst. at line No.=",i2," angle(deg.) ='1fi0.5)
continue

write (*,273) power

write (3,273) power

format <//,5x,"** PONR LCSS IS =«1fi0.4," MV**')
go to 300

continue

go to 199

continue

write (*,101)

write (3,101)

format (//,15x,"** B\D THIS PROGRAM ***)

close (3)

stop

end

¥ subroutine to input system data by interactive mode ***
subroutine indata

Real Jacob

complex zser,ztser,ycap,ysht,v,yser,ytser,y,vn,yl,s,ys,r,ts,ttr,
* y2,czl,cz2,c23,c24,c25,yp,yq,ycon,cz6,cz7

common nvar,nc,phase,error,alpha,Init,ntb(30),zser(40),

* vmax(30)vmin(30)lycap(30) net(30),mth(5) Ipower,

* vbase,tr(5),nb,nt,mab(5)1pg(30),pd(30),q9(30),qd(30),

* qmax(3Q)1qmin(30)1 ! Insb(40),neb(40),ztser(5)1

* ysht(40),v(30),yser(40)lytser(5),y(30,30),nload,ncon,

* noob,nld,nswg,nk(30)1pdn(30)1pgn(30),qdn(30) 1qgn(30)1

x vn(30),nbtypn(30)1gmaxn00)Lgminn(30) vmaxn(S0),vminn(30),
* mtbn(5),mabn(5),dp(30)1dq(30),da(30),db(30), de 1(60),

* delv(60),0(30,30),n(30,30),aa(30),b(30), Jacoh(60,60),

* p(30),q(30),pcal(30),qcal(30),dmax,nit,cc(30) vmagQ0),

* angle(30)1L1 (40),y1Insj,nj,nog,ngn,na,n,tplolttqlol,r(40)]
* ys,plol(40),qlolC40),tpol(5),tqol(5),yss(40),ts(5),ttr(5),
* y22(30),npst,nshp(10),nebp(10),zeta(10),nsbpn(10),
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x nebpn(10),n)p(10),yp(40),yq(40)cpst.cz1,cz2,c23,c24,c25,
* ycon (40,40 ,nyy, cz6, cz71fe( 10) xm( 3 30) 1zc( 30,30), fed( 10) 1
* xser(40),d(40,40),rser(40),pf(40),am(10,10),bm(10),cnoll
* amv(10,10),t1(40)

write (% 1)

write (3,1)

format (/,10x,"** INPUT SYSTEM DATA BY INTERACTIVE MIE **')
write (#,10)

write (3,10)

format (//,2x,"#** M! IN PUT SYSTEM DATA It! ***e1// 1 (x,
*number of bus ="19)

read (*,20i nb

format (i9)

write (*,30)

write (3,30)

format (/,1Ox,'number of line ='19)

read (#,20) ]

write (#,240)

write (3,240)

format (/,10x,'number of transformer ='1$)

read (*,20) nt

write (#,320)

write (3,320)

format (/,10x,'number of var.source ='$)

read (*,20) nvar

write (*,480)

write (3,480)

format (/,10x,'number of shunt capaciter =",$)

read (#,20) nc

write (*,40)

write (3,40)

format (/,10x,'base mva ='14)

read (*,50) phase

write (*,60)
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110
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write (3,60)

format (/,10x,'max. errqr ='19)

read (*,50) error

format (12.6)

write (*,70)

write (3,70)

format (/,10x,'accelerating factor ='1$)
read (*,50) alpha

write (*,80)

write (3,80)

format (/,IOx,'maximium iteration in NR method acceptacle ="19)
read (*,20) Init

write (*,90)

write (3,90)

format (//,2x,"***** BB DATA *«***s)

do 5 i=l,nb

write (*,100) i

write (3,100) |

format (//,10x,** BB N« 13, "**' [,
*15x,'type=I-—IoBd bus',/,
*15x,'type=2---voltage controlled bus',/,
*15x, 'type=3---swing bus',//,

*15x,'I! type of this bus ='9)

read (*,20) ntb(i)

write (*,110) |

write (3,110) |

format (/,5x,'bus no.",i3," specify voltage(pu) =',$,3x,9)
read (*,51) v(i)

format (2f12.6)

write (*,120) |

write (3,120) i

format (/,5x,'bus no.',i3," hase voltage (kv) = 9)
read (*,50) vbase

write (*,130) |
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write (3,130) |

format (/,5x,'bus no.',i3," real power generate(mw) = '19)
read (*,50) pg(i)

write (*,140) |

write (3,140) |

format (/,5x,'bus no.',i3," reactive power generate(mvar) ='19)
read (*,50) qg(i)

write (*,150) |

write (3,150) |

format (/,5x,'bus Tio.',i3,” real power demand(mw) ='19)
read (*,50) pd(i)

write (*,160) |

write (3,160) |

format (/,5x,'bus no.',is," reactive power demand(mvar) ='1*)
read (*,50) qd(i)

continue

write (*,180)

write (3,180)

format (//,2x,"*** LINE DATA ***s)

do 15 i=l, ]

write (*,190) |

write (3,190) |

format (//,2x,'*]ine no.*',i3,/,10x,"'sending bus (p) ='19)
read (*,20) nsh(i)

write (*,200) |

write (3,200) i

format (/,2x,*)ine no.*',i3,/,10x,'ending bus (q) = '19)
read (*,20) neb(i)

write (*,210) |

write (3,210) |

format (/,5x,'line no.',i3," series resistance and reactance!pu)
*:',*,3X,$)

read (*,51) zser(i)

write (*,230) |

109



write (3,230) |
230  format (/,5x,'line no.",i3," susceptance of line changing(pu)
*='§,3x,9)
read (*51) ysht(i)
write (*,233) i
write (3,233) |
233 format (/,5x,'line No.",i3," type of line = '19)
read (*,234) tl(i)
234 format (f5.2)
15 continue
if (nt.eq.0)then
go to 1%
end if
write (*,250)
write (3,250)
250  format (//,2x,**** TRANSFORMVER DATA ***’)
do 25 i=l,nt
write (*,260) i
write (3,260) |
260  format (//,2x,’** transformer no.’,i3," **'1
*[1,15x," connect from bus (e) ='19)
read (*,20) mtb(i)
write (*,270)
write (3,270)
270 format (/,15x,"connect to bus (f) =9
read (*,20) mabh(i)
write (*,280)
write (3,280)
280  format (/,2x," series resistance and reactance(pu) =',$3x,9$)
read (*51) ztser(i)
write (*,300) i £
write (3,300) |
300 format (/,2x,'transformer no.',i3," ratio = '19)
read (*,50) tr(i)
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m

continue

continue

if (nc.eq.0) then

go to 145

end if

write (*,490)

write (3,490)

format (//,2x,"*** SHUNT, CAPACITER DATA ***")
do 135 i=l,nc

write (*,500) i

write (3,500) i

format (/,10x,"** shunt cap. no.’,i3," **',
*I1, 15, connect st bu6 (h) = '.$)

reBd (*,20) net(i)

write (*,510) |

write (3,510) i

format (/,5x,'shunt cap.no.i3," its shunt susceptance(pu) =
* 1,3%,8)

read (*,51) ycap(i)

continue

continue

write (*,350)

write (3,350)

format (//,2x,**** LIMT OF BUS VOLTAGE A\D GEN REACTIVE ***' )
do 45 1=1,nb

gmax(i) = 0.0

gmin(i) = 0.0

vmax(i) = 0.0

vmin(i) = 0.0

write (*,360) i,nth(i)

write (3,360) i,ntb(i)

format (//,10x,"* bus no.’,i3,"* this hus type = ¢ 19

/
if (nth(i).eq.1) then
go to 390
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380
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400

410

45

c

end if

write (*,370) |

write (3,370) i

format (/,10x,'bus no.',i3," max. reactive power generate(mvar)
*='1n)

read (*,50) gmax(i)

write (*,380) |

write (3,380) i

format (/,10x,'bus no.\,i3," min. reactive power generate(mvar)
*:'1*)

read (*,50) gmin(i)

continue

write (*,400) |

write (3,400) |

format (/,10x,'bus no."',i3," max. voltage (pu) =',*)

read (*,50) vmax(i)

write (*,410) |

write (3,410) 1

format (/,10x,'bus no.',i3," min. voltage (pu) ='1%
read (*,50) vmin(i)

continue

return

end

« subroutine to print out system input data s«
subroutine pindat

Integer i

Real Jacob

complex zser,ztser,ycap,ysht,v,yser,ytser,y,vn,y1l \ys,r ts,ttr,
* y2,czllcz2,cz3,c24,025,yp,yq,ycon,cz6,c27
common nvar,nc,pbase,error,alpha,Init,ntb(30),zser(40),
* vmax(30)vmin(30),ycap(30)Inet(30)Imth(5) Lpower,

* vbase,tr(5),nb,nt,mah(5),pg(30),pd(30),q9(30),qd(30),
* qmax(30)1qmin(30),nl,nsh(40),neb(40),ztser(5),

112



101

102

103

104

113

* ysht(40),v(30),yser(40),ytser(5),y(30,30), Joad,ncon,

* noob,nld,nswg,nk(30) Lpdn(30) 1pgn(30) 1gdn(30) 1qgnQ0) ,

* vn(30) ,nbtypn(30) , gmaxn(30) , gminnOQ) ,vmaxn(30) lvmi  (30),
* mtbn(5)Imabn(5),dp(30),dq(30),da(30),db(30),de K 60)1

* de 1v(60),9(30,30),h(30,30),aa(30)1b(30)1jacoh(60,60)1

* n(30),q(30),pea1(30),qcal(30),dmax,nit,cc(30),vmag(30)1
* angle(30),t,5(40),y L,nsj,nj,nog,ngn,na,n,tplol,tqlol,p(40),
* ys,plol(40),qlol(40),tpol(5),tqol(5),yss(40),ts(5),ttr(5),
* y22(30),npst,nsbp(10)nebp(10)1z€&ta(10),nsbpn(10),

* nebpn(20),nlp(10),yp(40),yq(40)1cpst.czllcz2,cz3,c24,c25,
* ycon(40,40),nyy,cz6,cz7,fe(10),xm(30,30),z¢(30,30),fed(10),
* xser(40),d(40,40),rser(40),pf(40),am(10,10),bm(10),cnol,
* amv(10,10)1t) (40)

wpite (*,101)

write (3,101)

format ( /// ’ |O X,I*******************************************l)
write (*,102)

wpite (3,102)

format (/,10x,"** INPUT DATA CF ELECTRICAL POARR SYSTEM **')
write (*,103)

write (3,103)

format (/’1 OX,°*******************************************° )
write (*,104) nb, ),nt.nvar,ne,pbase,error,alpha,init

write (3,104) nb,ni,nt,nvar,ne,pbase,error,alpha,init

format (/,10x,'total bus = ',i5,/,10x,

*'total line ='1i5,/,10x,

*'total transformer ='1i5,/,10x,

*'total var source bus ='1i5,/j10x,

*'total shunt capaciter ='1i5,/,10x,

*’hase mva =+1f8.2,/,10x,

*maximun error =1 1f8.6,/, 10x,

t ‘'acceleration factor ="1f8.3,/,10x,

*'max. iteration in load flow acceptable =',i4)

write (*,105)
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106

107

108

109

110
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112

114

write (3,105)

format (///,2x," *** BES DATA ***'1/)

write (*,106)

write (3,106)

format (2x,"'l--=--l -1 |- 1 i 1 i
*! |—----1")

write (*,107)

write (3,107)

format (2x,'lbus lhus I volt | I volt | generation r,
*! load 11)

write (*,108)

write (3,108) ‘

format (2x,'l |1 |1 base | 1 1'1
. j 1)

write (*,109)

write (3,109)

format (2x,'l no.ltypel (pu) ldeg'l (kv) | MV | MR I',
MV MR T

write (*,106)

write (3,106)

do 111 i*l1nb

write (*,110)i,nth(i),v(i),vbase,pg(i),qq(i),pd(i),qd( 1)
write (3,110)i,nth(1),v(i),vbase,pg(i),qq(i),pd(i),qd(i)
format (2x, " 17, 2(Ix, i2, Ix, "1'), 7.5, ,,£3.2,"1',5(f7.2, )
continue

write (*1106)

write (3,106)
write (*,112)
write (3,112)
format (//,15x,'type = 1 ---eemev > LOAD BUS'/,
*15x,'type = 2 - > VOLTAGE CONTROLLED BUS',/,
* 15X, 'type = 3 - > SMNG BUS')

write (*,113)

write (3,113)



113

114

115

116

117

119

118

120

format (///,2x,"*** LINE DATA ***'[)

write (*1114)

write (3,114)

format (2x,'l ! i 1 ! P,

write (*,115)

write (3,115)

format (2x,e1 line i send 1 end 1  impedance  p,
*  line 1

write (*,116)

write (3,116)

format (2x, '1 Lbus ! hus 1 1 P,
*' charging P)

write (*,117)

write (3,117)

format (2x,21 no. I (p) 1(q) 1 r i X I'
" (pu) P)

write (*,114)

write (3,114)

do 118 i=l,nl

write (*,119) i,nsb(i),n
write (3,119) i,nsb(i),n
format (2x, 1,3(" '.\2.
*Ix, "p)

continue

write (*,114)

write (3,114)

if (nt.eq.0) then

So to 150

end if

write (*,120)

write (3,120)

format  /, **+~ TRANSFORMER DATA ***’ /)
write (*,121)

(1) Lzser(i)ysht(i)

)
(1), zser(i),ysht(i)
19,2(f7.4,1x,'1"),3.2,"1"1f7 4,

eh
eh

115



121

122

123

125
124

150

151

152

153

write (3,121)
format (2X,I| 1 1

I'1

write (*,122)
write (3,122)

format (2x,'l transf.l from | to 1

' trBasf. 1)
write (*,123)
write (3,123)

format (2X,Ii no. D bus | ous !

* ratio  v)
write (*,121)
write (3,121)
do 124 i=],nt

tr. impedance I,

r

write (*,125) i,mtb(i),mab(i),ztser(i),tr( 1)
write (3,125) i,mth(i),mab(i),ztser(i),tr(i)

format (2x,"1V e 2,0 ol
continue

write (*,121)

write (3,121)

continue

if (nc.eq.0) then

go to 170

end if

write (*,151)

write (3,151)

,2C

1,i2’|

1
x |

19),3(F7.4, Ix,

format (///,2x,"*** SHUNT CAPACITER DATA ***' /)

write (*,152)
write (3,152)
format (2X, ol

write (*1153)
write (3,153)
format (2x,'i shunt I connect !
write (*,154)

shunt

y
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154

155

157
156

170

1711

173
190

191

192

193

117

write (3¢ 154)

format (2x,'l cap. | .at i susceptance i'l
write (*,155)

write (3,155)

format (2x,'l no. i bus l r I X D
write (*,152)

write (3,152)

do 156 i-],nc

write (*,157) 1,nct(i),ycap(i)

write (3,157) i,net(i),ycap(i)

format (2x,"1",3x,i2,3%, ,,3%,i2,4%,"1",£5.2,2%,¢1",f7.5,+1")
continue

write (*,152)

write (3,152)

continue

if (nvar.eq.0) then

go to 190

end if

write (*,171)

write (3,171)

format <///,2x,™*** VAR SOURCE DATA ***s1]),

write (*,173) nvar

write (3,173) nvar

format (2x,'total number of var source ="',i2
continue

write (*,191)

write (3,191)

format (///,2x,"*** LIMT CF BUS VOLTAGE A\D GEN.REACTIVE ***«1/)
write (*,192)

write (3,392)

format (2x, '! ! 1 1 1 ")
write (*,193)

write (3,193)

format (2x,'l bus 1  voltage | Q- generate I')




194

195

196
200

write (*,194)

write (3,194)

format (2x,'l | max. | min. | max. 1 min. [')

write (*1195)

write (3,195)

format (2x,'l no. | (pu) 1 (WA 1)

write (*,192)

write (3,192)

do 200 i=1,Tib

write (*,196) i,vmax(i),vmin(i),qmax(i),qmin(i)

write (3,196) 1,vmax(i),vmin(i),qmax(i),qmin(i)

format (2x,'1',i3,2x,"i"',4(f7.2,'1%))

continue

write (*,192)

write (3,192)

return

end

*** sybroutine to input system datB by disk reading mode ***
subroutine didata

character*8 finame

Rea] jacob

complex zser,ztser,ycap,ysht,v,yser,ytser,y,vn,yl,s,ys,rtsttr,
* y2,czllcz2,c23,c24,c25,yp,yq,ycon,cz6,cz7

common nvar.nc,phase,error,alpha,Init,ntb(30),zser(40),

* vmax(30)1vmin(30),ycap(30)Inet(30)Imth(5).power,

* vbBse, tr(5),nb,nt,mab(5),pg(30),pd(30),qg(30),qd(30),
* qmax(30)1gmin(30),nl,nsh(40),neb(40),ztser(5),

* ysht(40),v(30),yser(40),ytser(5),y(30,30) 1 load,neon,
* noob, ]d,nswg,nk(30),pdn(30),pgn(30),qdn(30),qgn(30),

* vn(30) Inbtypn(SQ) ,qmaxn(30) Lgminn(30) vmaxnQO),vminnQO0),

* mtbn(5),mabn(5)1dp(30),dq(30),da(30),db(30),de 1(60)1
* delv(60),9(30,30),h(30,30),aa(30),b(30)%acob(60,60),
* p(30)1q(30),pcal(30)1qcal(30)1dmax,nit,cc(30),vmag(30),

* angle(30),t, (40),ylIsj,nj,nog,ngn,na,n,tplol tglol,r(40),
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10

15

20

25

30

40

50

60
10

80
90

119

*

ys,plol(40),qlol(40),tpol(5),tqol(5),yss(40),ts(5),ttr(5),
y22(30),npst,nshp(10),nebp(10),zetB(10),nsbpn(10)l
nebpn(10),nlp(10),yp(40)lyq(40)Lcpst,czl|Cz2|Cz3,cz4,c25]
ycon(40,40)Inyy,cz6,cz7,fe(10),xm(30,30),zc(30,30)1fed(10),
xser(40),d(40,40),rser(40),pf(40),am(10,10),bm(]0) lcnol 1
* amv(10,10),t1(40)

write ($,10)

write (3,10)

format <//,10x,'$$ INPUT SYSTEM DATA DISK READING MXE $$')
write ($,15)

format (/,5x,'NAME CF FILE TO READ SYSTEM DATA'/,

$5x,'(do not exceed 8 character))

write ($,20)

format (/,15x,'DATA FILE NAVE ='.$)

read ($,25) finame

format (a8)

open (4,file = finame Istatus = 'old’)

write (8,30) finame

write (3,30) finame

format (/,5x,"YOU GET SYSYEM DATA FROM FILE NAMVE = \a8)

read (4,40) nb, ),nt,nvar,nc,phase,error,a Ipha,vhase

format (5i5,3f12.6,6.2)

read (4,50) Init

format (i5)

do 70 i=l,nb

read (4,60) ntb(i),v(i).pg(i),qg(i),pd(i),qd(i)

format (i5,f12.6,f3.2,4112.6)

continue

do 90 i=],nl

read (4,80) nsh(i),neb(i),zser(i),ysht(i),t1(i)

format <2i5,2f12.6,f3.2"f12.6,15.2)

continue

if (nt.eq.0) then

go to 200

* *

*



100
110
200

210
220
250

260
210

*

*

*

*

*

*

endif

do 110 i=l,nt

reBd (4,100) mtb(i),mab(i),ztser(i),tr(i)

format (2i5,3f12.6)

continue

continue

if (nc.eq.0) then

go to 250

end if

do 220 i=l,nc

read (4,210) nct(i),ycap(i)

format (i5,2f12.6)

continue

continue

do 270 i=l,nh

read (4,260) gmax(i),gmin(i),vmax(i),vmin(i)

format (4f12.6)

continue

close (4)

return

end

subroutine to modifide input data to per unit hase ***

*** and change impedance to admittance ***

subroutine modat

Rea] Jacob

complex zser,ztser,ycap.ysht,V,yser,ytser,y,vn,y1, ,ys,r,ts,ttr
y2,czl,cz2,cz3,cz4,cz5,yp,yq,ycon,cz6,cz7

common nvar,nc,pbase,error,a]phB,]nit,ntb(30),zser(40),
vmax(30),vmin(30)lycap(30)Inet(30),mth(5)power
vhase.tr(5),nb,nt,mab(5),pg(30),pd(30),q0(30),qd(30),
qmax(30),qmin(30)+ ),nsh(40),neb(40),ztser(5)
ysht(40),v(30),yser(40),ytser(5),y(30,30) load,neon,
noob, ]d,nswg,nk(30),pdn(30)1pgn(30),qdn(30)1qgn(30)1

vn(30),nbtypn(30),gqmaxn(30)1gminn(30),vmaxn(30),vminn(30),
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121

* mtbn(5),mabn(5),dp(30),dq(30),da(30),db( 30),del (60) L

* delv(60),9(30,30),h(30,30),aa(30),b(30>, jacoh<60,60),

* n(30),q(30),pea 1(30),qcal(30),dmax,nitlcc(30)lvmag(30)1

* angle(30),t,5(40),ylnsj,nj,nog,ngn,na,n,tplolltqlol,r(40),
* ys,plol(40),qlol(40),tpol(5),tqol(5),yss(40),ts(5),ttr(5),
* y22(30)Inpst,nshp(10)Inebp(10),zeta(L10),nshpn(L0),

* nebpn(20),nlp(10),yp(40),yq(40)Lcpst,czl,cz2,c23,cz4,c25,

* ycon(40,40),nyy,cz6,cz7,fe(10),xm(3Q,30) ,zc(30,30)1fed(10),
* xser(40)1d(40,40),rser(40)1pf(40),am(10,10),bm(10),cnoll

* amv(10,10), t1(40)

write  *10)
write (3,10)
10  format (/,15x,'#4Ht call modat *#*')
do 20 i=l,nb
pd(i) - pd(i)/phase
qd(1) = qd(l)/pste
pg(i) = pg(i)/pbase
q9(i) = qg(i)/pbase
2 oonnnue
do 30 i=l,nb

qmax(i) = gmax(i)/phase

qmin(i) = gmin(i)/phase
30  continue

do 40 i=1, )

yser(i) =emplx(1.0,0.0)/zser(i)
40 continue

if (nt.eq.0) then

go to 100

endif

do 50 i=I,nt

ytser(i) = cmplx(1.0,0.0)/ztser(i)
50  continue
100  continue

return



122

end
« subroutine to form bus admittance matrix =«
subroutine yhus
Rea] Jacob
complex zser,ztser,ycBop,ysht,v,yser,ytser,y,vn,yl,s,ys,r ts,ttr,
x y2,czllcz2,cz3,cz4,c25,yp,yq,ycon,cz6,cz7
common nvar,nc,phase,error,alphal]nit,ntb(30),zser(40),
* vmax(30)vmin(30),ycap(30),net(30),mth(5), power,
* vbase,tr(5),nb,nt,mab(5),pg(30),pd(30),99(30),qd(30),
* gmax(30)1gmin(3011 ] Insh(40)Ineb(40)1ztser(511
* ysht(40),v(30),yser(40),ytser(5),y(30,30) 1 load,neon,
* noob,nld,nswg,nk(30)1pdn(30)1pgn(30)1gdn(30),qgn(30),
* vn(30) Inbtypn0O) ,gmaxn(30) ,qminn(30) ,vmaxn(30) LvminnQ0),
¥ mtbn(5),mahn(5),dp(30),dq(30),dB(30),dh(30),del(60),
* delv(60),g 30,30),h(30,30),aa(30),h(30),jacoh(60,60)1
* n(30),q(30)1pea1(30)1qcal(30)ldmax,nit,cc(30)1lvmag(30)1
* angle(30) ,t, (40) ,yl ,nsj,nj,nog,ngn,na,n,tplol tqlol,r(40),
* ys,plo)(40),q]ol(40),tpo](5),tgol(5),yss(40),ts(5),ttr(5),
* y22(30),npst,nsbp(L0),nebp(10)1zeta(10),nsbpn( 10),
x nebpn(10),nlp(10),yp(40),yq(40),cpst,czllcz2,cz3,cz4,c25,
* ycon(40,40)Inyy,cz6,cz7,fe(10),xm(30,30),z¢(30,30),fed(10),
* xser(40),d(40,40),rser(40),pf(40),am(10,10),bm(10)1cnoll
* amv(10,10), t1(40)
write (*110)
write (3,10)
format (/,15x,call ybus ***)
do 20 i=l,nb
do 30 j=l,nb ¥
y(i,j) = cmplxt0.0,0.0)
continue
continue
do 40 i=],nl
1 =nsh(i)
m=neb(i)



40

50
60

10
100

260

y(I,1) - y(1,1)+yser(i)+ysht(i1/2.0
y(mm) =y( ml+yseK i)+ysht(i)/2.0
y(1) = y(11 )-yser(i)
y( 1) =y(, 1)-yser(i)
continue
if (nc.eq.0) then
go to 60
endif 1
do 50 i=],nc

= net(i)
y(n, ) =y( .n)+ycap(i)
continue
continue

if (nt.eq.0) then
go to 100
endif
do 70 i=l,nt
k = mab(i)
j =mth(i)
y(kik) =y(kk)+ytser(i)
y(1.J) = y(a)rytser(i)*(tr(i)**2)
y(k,j) =y(k,j)-ytser(i)*tr(i)
y(1.k) = y(1.k)-ytser(i)*tp(i)
continue
continue

if (cpst.eq.0) then
go to 110
endif
do 260 i=I,npst

la = nshp(i)

m = nebp(i)

ycon(la,la) =y(la,la)

ycon(ma.ma) = y(mB,ma)
continue
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300

230
220
240

do 300 i=I,npst

czl = c¢cmplx(0.0,0.0)

cz2 = c¢cmplx(0.0,0.0)

czd = cmplx(0.0,0.0)

cz5 = cmplxto.0,0.0)

J1= bp(i)

mm = nebhp(i)

nyy =nlp(i)

czl = cmplx(cos(-zeta(i))l in(-zeta(i)))
cz2 = cmplx(cos(.ieta(i)),sin(zeta(i)))
cz3 = cmplx(1.0,0.0)

czd = cz3-czl

czb = cz3-cz2

yp(nyy) = yser(nyy)*czd*v(mm)/v(11)
ya(nyy)
y(n 1) =y (11, 10)+yp( yy)

y (mm,mm) =y (mm,mm)+yq( yy)
continue

ysertnyy)*cz5*v(11)/v(mm)

continue

if (cpst.eqg.l) go to 240

do 220 i=],nb

do 220 j=I,nb

write (*,230) i,j,y(i,})

write (3,230) i,j,y(i,])

Format (/,5x,eY(",i2,¢,¢,i2,+)=+,2112.6)
continue

continue
return

end

¥** subroutine to change order bus for NR. calculation ***
subroutine cob

Real jacob

complex zser,ztser,ycap,ysht,v,yser,ytser,y,vn,yl,s,ys,r ts, ttr,
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10

405

415

*

y2»cZl,cz2,cz3,cz24,cz5,yp,yq,ycon,cz6,cz7

common nvar,nc,phase,error,alpha,lnit,nth(30),zser(40),
vmax(30),vmin(30),ycap(30)Inet(30),mth(5),power,
vhase,tr(5),nb,nt,mab(5),pg(30),pd(30),q¢(30),qd(30),
gmax00) 1gmin(30), ],nsb(40),neb(40) lztser(5),
ysht(40),v(30),yser(40),ytser(5),y(30,30)1 Joad,ncon,
noob,n)d,nswg,nk(30)1pdn(30),pgn(30)1qdn(30),qgn(30),
vn(30)Inbtypn(30)lgmaxn(30)lgminn(30),vmaxn(30)lvninn(30)I
mthn(5),mabn(5),dp(30)1dq(30),da(30),dh(30),del(60),
delv(60),0(30,30),h(30,30),aa(30),b<30),Jacoh(60,60),
p(30),q(30),pcal(30),qcal(30),dmax,nitlcc(30),vmag(30),
angle(30),t,s(40),yllnsj,nj,nog,ngn,na, ,tplo],tq)ol,r(40),
ys,plo](40),qlo](40),tpol(5),tqo)(5),yss(40),ts(5),ttr(5),
y22(30)Inpst,nshp(10)Inebptl0)izetB(10)Insbpn(10),
nebpn(10),n]p(20),yp(40),yq(40),cpst,czl,cz2,cz3,c24,c25,
ycon(40,40)Inyy,cz6,c27,fe(10),xm(30,30),z¢(30,30)1fed(10),
xser(40),d(40,40),rser(40),pf(40),am(20,10),bm(10),cno],
amv( 10,10)",t) (40)

write (*110)

write (3,10)

format  ,10x1'*** call cob *')

nload r 0

neon = 0

noobh = 1

nld =0

do 405 i=l,nb

if (ntb(i).eq.1) nload = nload+l

if (nth(i).eq.2) neon = ncon+]

continue

ngn = nload

continue

if (ntb(noob).eq.1) go to 800

if (ntb(noob).eq.2) go to 810

if (ntb(noob).eq.3) go to 820
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800

810

820

830

708
778

go to 840
continue
1d = nld+l
= nld
go to 830
continue
ngn = ngn+
= ngn
go to 830
continue
nswg = noob
= nb

continue

nk(n) = noob

nbtypn(n) = ntb(noob)
gmaxn(n) = gmax(noob)
gminn(n) = gmin(noob)
vmaxn(n) = vmax(noob)
vminn(n) = vmin(noob)
if (nt.eq.0) go to 778

= pd(noob

do 708 i=I,nt 1

if (mth(i).eq.noob) mthn(i)
if (mab(i).eq.nooh) mabn(i)

continue

continue

if (npst.eq.0) go to 888

do 790 i=],

npst

if (nsbp(i).eq.noob) nsbpn(i)

if (nebp(i).eq.noob) nebpn(i)
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790  continue
888  continue
840  continue
noob = noob+l
if (noob.ie.nb) go to 415
write (*,301) nload,ncon
write (3,301) nload.ncon
301  format <//,5x,'NO. OF LOAD BUS =+115,/,
¥*5x,"NO. OF GEN. BUS =+1i5,/,
*5x,'NO. OF SWING BUS = D
748  continue
write (*,1120)
write (3,1120)
1120 format (/,5x,*PASS CHANGE ORDER BUS )
return

end

C ¥*¥* this subroutine is used to calculate loadflow ***
c ¥ By NEWTON-RAPHSON method ***
subroutine nrlf
Real jacob
complex zser,ztser,ycap,ysht,v,yser,ytser,y,vn,yl,s,ys,r,ts, ttr
%

y2,czl,cz2,cz3,cz4,c25,yp,yq,ycon,cz6,cz7

common nvar,nc,phase,error,alpha,init,nth(30),zser(40)

¥ vmax(30),vmin(30),ycap(30),net(30)Imth(5),power,

¥ vbase,tr(5),nb,nt,mab(5)1pg(30),pd(30),q9(30),qd(30),

¥ grnax00),qmin(30) ,nl ,nsh(40),neb(40) ,ztser(5) 1

¥ ysht(40),v(30),yser(40),ytser(5),y(30,30),nload,ncon,

¥ noob,nld,nswg,nk(30)1pdn(30),pgn(30),qdn(30),qgn(30),

* vn(30)Inbtypn(30),gmaxn(30),gminn(30),vmaxn(30),vminn(30),
* mthn(5),mabn(5),dp(30),dq(30),da(30),db(30),del(60),

* delv(60),9(30,30),h(30,30),aa(30),b(30),jacob(60,60)

¥ p(30),q(30),peal(30),qcal(30),dmBX nit,cc(30),vmag(30)1

¥ angle(30),t,s(40),yl,nsj,nj,nog,ngn,na,n,tplolltqlol,r(40)



10

20

22

14

38

ysiplol(40),qlo](40),tpo](5),tqol(5)lyss(40),ts(5),ttr(5),
y22(30),npst,nsbp(10),nebp(l1Q),zeta(10),nsbpn(10),
nebpn(10),nlp(10),yp(40),yq(40)lcpst,czl 1cz2,cz3,cz4,c25,
ycon(40,40)Inyy,cz6,cz7,fe(10),xm(30,30),z¢(30,30),fed(10),
xser(40),d(40,40),rser(40),pf(40),Bm(10,10),bm(10)lcnoll
amv(10,10)1t | (40)

write (*,10)

write (3,10)

format (/,10x,"*** CBII nrlf ***s)

write (*,20)

format (//,10x,"*** NOW LOAD FLOW IS RUNNING ***u)

do 22 i=Il,nb

dp(i) = 0.0

dg(i) = 0.0

da(i) = 0.0

db(i) = 0.0

continue

do 14 i-1,2*nb

del(i) = 0.0

delv(i) = 0.0

continue

nsj = nb-1

nj = 2*nsj

= nload+nsj
nog = neon

nload

ngn
nit =0

nld =0

t = 0.0

na = nsj+nb
continue

do 341 i=l,nb

dr = real(vn(i))
di = aimag(vn(i))
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aa(i) = cabs(vn(i))

it (di.lt.0.0) b(i) = 4.172308980
it (di.gt.0.0) b(i) = 1.570796327
if (di.eq.0.C) b(i) = 0.0

if (dr.ne.0.0) bti) = atan2(di,dr)

341 continue

342 continue
do 1022 i=I,nb
do 1022 j=I,nb

1022 continue
do 332 i=l,nb
k = nk(i)
do 332 j=1I,nb
I = nk(j)
dr = real(y(k,1))

di = aimag(y(k,1))

g(i,j) = cabs(y(k, 1))

it (di.lt.0.0) h(ilj) = -4.712388980

it (di.gt.0.0) h(i,j) = -1.570796327

if (di.eq.0.0) h(i,j) =10.0

if (dr.ne.0.0) h(i,j) =L-atan2(di,dr)
332 continue

do 301 i=11]

do 301 j=1,n]|

jacob(i,j) =0.0

301 continue

dinax = 0.0

do 351 i=1,Tib

p(i) = pgn(i)-pdn(i)
q(i) = agn(i)-qdn(i)
peal(i) = 0.0
gcal(i) = 0.0



3]

352

361

362
C

3

1
311
c

130

continue

do 352 i=I,nsj

do 352 j=],nb

di = aa(i)*aa(j)*g(i,j)
dr = h(i»j)+b(i)-b(j)
pcal(i) = peal(i)+di*cos(dr)

qeal(i) = qgcal(i)+di*sin(dr)

continue

do 361 i=I,nsj

dp(i) = p(i)-peal (i)

if (abs(dp(i)).gt.dmax) dmax - abs(dp(i))
continue

do 362 i=IInload

dq(i) = q(i)-qeal (i)

if (abs(dq(i)).gt.dmax) dmax = abs(dq(i))
continue

* find 1

do 371 i=l,nsj

do 371 j=1lnsj

if (i.eq.j) go to 3771

Jacob(i,j) = aa(i)*aa(j)*g(irj)*sin(h(irj)+b(i)-b(j))

go to 371

continue

do 1 ig=l,nb

if (ig.eq.i) goto 1

jacobt i, i)=jacob(i,i)-aa(i)*aa(iq)*g(i,iq)*ain(h(i,ig)+b(i)-b(iq))

continue
continue
» find J2

do 372 i=l,nsj

do 372 j-1Inload

ji T Tisjt

if (i.eq.j) goto 3772

jacob(i,jj) =aa(i)*g(i j)*cos(h(i,j)+b(i)-b(j))



3172

312
c

3113

3
313
C

3114

131

go to 372

continue

do 2 ig=],nb

if (ig.eq.i) go to 2

jacob(i,jj) = Jacob(itjj)+aa(io)*g(i,ig)*cos(h(ilig)+b(i)-b(ig))
continue

jacob(i,jj) = (2.0%aa(i)*g(i,1)*cos(h(i,i)))+jacob(i,jj)
continue

* find J3

do 373 i=I,n)oad-i

do 373 j=I,nsj

11 = nsj+i

if (i.eq.j) go to 3773

jacob(ilj) = -aa(i)*aB(])*g(i,j)*cos(h(i,})+h(i)-b(j))
go to 373

continue

do 3 ig=],nb

if (ig.eq.i) go to 3

jacob(ii,j) =jacob(ii,j)+aa(i)*aa(iq)*g(i,iq)*cos(n(i,iq)+
*b(i)-b(ig))

continue

continue

* find J4

do 374 i=]Inload

do 374 j=I,nload

I = nsj+i

JI = nsjt

if (i.eq.j) goto 3774

jacob(ii jj) =aa(i)*g(iy)*sin(h(i2j)+h(i)-b(j))

go to 374

continue

do 4 ig=I,nb

if (ig.eq.i) go to 4

jacob(i i,jj) =Jacob(ii,jj)+aa(iq)*q(i,ig)*sin(h(i,iq)+h(i)-h(iq))



314

43

6666

i

412

431

432

continue

jacob(ii,jj) = (2.0%aa(i)#q(i,i)*sin(h(i,1)))+jacob(ii,jj)
continue

if (dmax.It.error) go to 3333
continue

do 6666 i=],nsj

del(i) =dp(i)

continue

do 7777 i=I,nload

I =nsj+i

del1(ii) =dq(i)

continue

call jordantjacob,delldelv, )
do 412 1=1nsj

db(i) = delv(i) |

I =nsj+i

da(i) = delv(ii)

aa(i) = aa(i)+da(i)

b(i) =h(i)+db(i)

continue

if (nog.eq.0) go to 421

| = nload+1

j = nload+nog

do 422 noob=11]

if (nbtypn(noob).eq.2) go to 431
go to 422

continue

q(nooh) =10.0

aa(i) = real(vn(i))

do 432 jj=I,nb

dr = htnoob,jj)-b(jj)+b(noob)
q(noob) = qg(nooh)+aa(noob)*aa(jj)*g(noob,jj)tsin(dr)
continue

qgn(noob) = g(nooh)+qdn(nooh)



441

442

451

422
41

920
910

if (qgn(noob)-gmaxn(noob)) 441,422,442
continue

if (qgn(noob)-gminn(nooh)) 451,422,422
continue

qgntnooh) = gmaxntnooh)

go to 422

continue

qgntnoob) = gminn(nooh)

continue

continue

if (cpst.eq.0) then

go to 910

end if

do 920 i=I,npst

la = nshp(i)

ma = nebp(i)

y(la,la) =ycon(la,la)

y(ma,ma) = ycon(ma,ma)

continue

continue

if (cpst.eq.0) then

go to 800

endif

do 810 i=I,npst

czl = cmplx(0.0,0.0)
cz2 = cmplx(0.0,0.0)
cz4 = cmplxto.0,0.0)
cz5 = cmplxto.0,0.0)
cz6 = cmplxto.0,0.0)
cz7 = cmplxto.0,0.0)
Il = nshpt i)
mm = nebpt i)
Ip = nshpnt i)
mp = nebpnt i)



010
000

3333

56)

562

nyy = Jp(i)

czl = cmplx(cos(-zeta(i))Isin(-zeta(i)))
cz2 = cTnp]x(cos(zetB(1)),sin(zeta(i)))
cz3 = cmp)x(1.0,0.0)

czd = cz3-czl

czb = CL3-C22

nwx = b(Ip)-b(mp)

wy = b(mp)-b(]p)

cz6 = cmplx(cos(rwy)lsin(rwy))

cz7 = cmp)x(cos(rwx)e in(rwx))

yp(nyy) = yser(nyy)*cz4*aa(mp)/aa(]p)*cz6
ya(nyy) = yser( yy)*cz5*aa(]p)/aa(mp)*czi
y(1))D) = y(11.1))+yp(nyy)

y(mmuim) = y(min,iinn)+yg(nyy)

continue

continue

nit = nit+l

if (nit.gt.Init) go to 4444

go to 342

continue

do 561 i=I,nh

k = nk(i)

ce(k) = aa<i)

do( k) = b(i)

do(k) = qgn(i)

continue

do 562 i=l,nb

vmag(i) = cc(i)

ang)e(i) = db(i)

qg(i) = dq(i)
continue
do 571 i=l,nb

di = vmag(i)*sin(ang]e( 1))
dr = vmag<i)*cos(angle(i))
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V(i) = cmplx(dr,di)
571 continue
if (ncon.eq.0) go to 572
do 581 i=I,nh
if (nth(i)-2) 581,582,581
582  continue
yl = cmplx(0.0,0.0)
do 591 j=I,nh
I = Iy g)*vj)
591 continue
yl = yl*conjg(v(i)
qg(i) = -8imag(yl)+qd(i)
581  continue
572 continue
yl = cmplx(0.0,0.0)
do 592 i=I,nh
y1 = yl+y(nswg,i)*v(i)
592 continue
y! = yl*conjg(v(nswg))
p(nswg) = real(yl)
g(nswg) = -Bimag(yl)
pg(nswg) = p(nswg)+pd(nswg)
qg(nswg) = q(nswg)+qd(nswy)
pgn(nb) = pg(nswg)
qgn(nb) = qg(nswg)
pdn(nb) = pd(nswg)
qdn(nb) = qd(nswg)
go to 601
4444 continue
write (*,602 ) Init
write (3,602) Init
602 format (//,2x,'the solution is not converged in' lidieiteration')
t =+l
601  continue



20

30

50
40
10

60
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return

end

**4 this subroutine is used to solve loadflow variable ***
**% by GAUSS JORDAN elemination ***
subroutine jordan ( ,tt,x,nn)
dimension (60,60),tt(60),x(60)
do 10 i=l,nn

d= (i,i)

do 20 j=I,nn

s(i,j) =s(ij)/d

continue

tt(i) =tt(i)/d

do 30 j=I,nn

if (i.eq.j) goto 30

twy) = )- C*

continue

do 40 k = I,nn

if (k.eq.i) go to 40

d= (ki)

do 50 j=I,nn

s(kij) = (k,j)-s(i,])*d

continue

continue

continue

do 60 i=l,nn

(i) =tt(i)

continue

return

end

*** this routine is used to calculate power flow in lines, ***
*** transformer, power loss,line charging,static capaciter,***
*** mismatch andprint output a =
subroutine output

Real jacob



10

2

603

604

complex zser,ztser,ycap,ysht,v,yser,ytser,y,vn,yl,s,ysr ts,ttr,

* y2,czl,cz2,c23,c24,c25,yp,yq,ycon,cz6,cz7
common nvBr,nc,pbBse,error,alpha,Init,nth(30),zser(40)1
* vmax(30)lvmin(30)lycap(30),net(30),mth(5)Lpower,
* vbase,tr(5)Inb,nt,mBb(5),pg(30),pd(30),qg(30),qd(30),

* qmax(30)1gmin(30), ),nsh(40),neb(40),ztser(5),

* ysht(40),v(30),yser(40),ytser(5),y(30130)1 )oad.ncon,

* noob,nld,nswg,nk(30)1pdn(30)1pgn(30),qdn(30)1qgn(30)1

* vn(30)nbtypn00),qmaxn(30),qminn(30)lvmaxn(30),vminn(30),
* mtbn(5),mabn(5),dp(30),dq(30),da(30),dh(30),del(60),

* de 1v(60),0(30,30),h(30,30),aa(30),b(30),jBCoh(60,60)1

* n(30),q(30)1peal(30),qca)(30),dmax,nit,cc(30),vmag(30),

* angle(30),t, (40),yl,nsj,nj,ncg,ngn,na,n,tplol,tglo),r(40),
* ys,plol(40),qlol( )

40),tpol(5),tqol(5),yss(40),ts(5),ttr(5),
* y22(30)npst,nsbp(10),nebp(L0)1zeta(10),nsbpn(10),
* nebpn(10),nlp(10),yp(40),yq(40),cpst,czl,cz2,cz3,c24,c25,

* ycon(40,40)nyy,cz6,cz7,fe(10),xm(30,30),z¢(30,30)1fed(10),
* xser(40),d(40,40),rser(40),pf(40),am(10,10),bm(10)1cnoll

* amv<10,10),t1(40)

write (*110)

write (3,10)

format (/’1 OX"*****************************************.)
write (*,20)

write (3,20)

format (/,10x,"***  NEWTON-RAPHSON LOADFLOW SOLUTION ***')
write (*,10)
write (3,10)
write (*,603) nit

write (3,603) nit

format (//,2x,'this solution is converged in',i3," iteration’)
write (*,604)

write (3,604)

formatt///, 2x,"*** VOLTAGE A\D POARR GENERATION ***”1/)

write (*,613)

137



613

614

623

634
633

643

644

write (3,613)

format (Ix, " -1 I i i 1'1
*! I I I le)

write (*,614)

write (3,614)

format (Ix,"1 bus | bus | bus voltage >
¥ generation | load ")

write (*,623)

write (3,623)

format (Ix,"Ino. Itype 1 pu 1 kv | deg. r,
WL MRLI MW I MR D)

write (*,613)

write (3,613)

do 633 i=l,nb

vd = vmBg(i)

vk = vd*vhase

dl = angle(i)*57.29578

gp = py(i)*phase

09 = qg(i)*phase

dpp = pd(i)*phase

dqg = qd(i)*phase

write (*,634) i,ntb(i),vd,vk,dl,gp,0q,dpp,dqq
write (3,634) i,ntb(i),vd,vk,dl,gp,g9,dpp,dqq
format (Ix,*1',2(1X,i3,1X,'1"),f7.3,"1+,6(f7.2,""))
continue

write (*,613)

write (3,613)

write (*,643)

write (3,643)

format (///,2x,"*** LINE FLOW***' /)
write (*,644)

write (3,644) 1

format (Ix, "I I ! 1
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write (*,653)
write (3,653)
653  format (Ix,'Mine !from | to Iflow from bus p! flow to bus q r,

¥ line loss i line i)
write (*,654)
write (3,654) ,
654  format (Ix,'l | bus | bus I 1 1
x! j Icharg. ')

write (*,663)
write (3,663)

663 format (Ix,lno. I P I g ! MWV | MRI1T W | MR I
MV MR T MR I
write (*,644)
write (3,644)
tplol =0.0
tglol =0.0
ys = cmplx<0.0,0.0)
do 673 i=1, ]

1 =nsh(i)
m=neb(i)

(1) = v(T)*conjg((v(1)-V(m))*yser(i)+v(1)*ysht(i)/2.0+v(1)*yp(i))
r(i) =v(m)*conjg((v(m)-v(1))*yser(i)+v(m)*ysht(i)/2.0+v(m)*yq(i))
if (cpst.eq.0) then
pf(i) = -real (r(i))

end if

plol(i) = (abs(abs(real( (i)))-abs(real(r(i)))))*pbase
qlol(i) = (abs(abs(aimagts(i)))-abs(aimay(r(i)))))*phase
ax = real( (i))*phBse

ay = aimag( (i))*pbase

az =real(r(i))*pbase

ry = aimag(r(i))*phase

yss(i) = (aimag(ysht(i)*(cabs(v(m))**2+cabs(v(1))**2)/2.0))*pbase
ys = ys+emplx(0.0,yss(i))
ne

write (*,674) i,nsh(i),neb(i),ax,ay,az,ry,plol(i),qlol(i),yss(i)
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673

218

693

694

103

104

140

write (3,674) i,nsb(i),neb(i),ax,8y,az,ry,plol(i),qlol(i),yss(i)
format (Ix, ",3(Ix, i3, Ix, ), 7(f7.2,"1"))

continue

write (*,644)

write (3,644)

if (nt.eq.0) tfo to 683

write (*,218)

write (3,218)

format(///,2x,*** POAR FLON IN TRANSFORMER ***' /)

write (*,693)

write (3,693)

format (Ix, 1 L] 1 1
! I 1')

write (*,694)

write (3,694)

format (Ix,’itransl from 1 to Iflow from bus e! flow to bus f 1,
A transf. loss 1)

write (*,703)

write (3,703)

format (Ix, "1 | bus 1 bus | ' 1 1
AP —

write (*,704)

write (3,704)

format (Ix, no. 1 e @i f @i MV | MAR! W | MR,

MO MR L)
write (*,693)
write (3,693)

do 684 1=1,nt

= mtb(i)

m = mab(i )
ts(i) = v(n)*tr(i)*conjg((v(n)*tr(
ter(i) = v(m)*conjg((v(m)-v(n)*tr(
tpo)(i) = (abs(abs(real(ts(i)))-ab
tqol(i) = (abs(abs(aimagtts(i)))-a

1)-v(m))*ytser(i))
v(n)*tr(i))*ytser(i))
)))-abs(real(ttr(i)))))*phase
1)))-abs(aimatf(ttr(i)))))*pbase



px = real(ts(i))*pbase
py = aimag(ts(i))*pbase
pz = real(ttr(i))*pbase
pe - aimag(ttr(i))*pbase
tplol = tplo]+tpol(i)
tql 1= tqror+tqol(i)
write (*,713) iImth(i),mab(i)1px,pylpz,pe,tpol(i)ltqol(i)
write (3,713) i,mth(i),mab(i),px,pylpz,peltpol(i)Ltqol(i)
713 format (Ix, . 3(Ix i3, 1x, ,),6(f7.2,"i+))
684  continue
write (*,693)
write (3,693)
683  continue
do 733 i-1, ]
tplol = tplol+plol(i)
tqlol = tqlol+glol(i)
733 continue
y2 - emplx(0.0,0.0)
if (nc.eq.0) go to 734
write (*,208)
write (3,208)
208 format (///,2x,"*** PONR FLON IN SHUNT CAPACITCR ***' /)
write (*,743)
write (3,743)
743 format (Ix, ' 1)
write (*,744)
write (3,744)
744 format (Ix,'Ishuntlconnect! Q 1)
write (*,753) |
write (3,753)
753 format (Ix,'l cap.l at ! flow I')
write (*,754)
write (3,754)
754 format (Ix, no.l bus | MR I




764
763

134

183

184

193

1%

write (*,743)
write (3,743)
do 763 i=11TC
= cot(i)
y22¢ci) = (aimag(ycap(i)*cabs(v(n))**2))*phase
y2 = y2+cmp)x(0.0,y22(i))
write (*,764) i,nct(i),y22(i)
write (3,764) Det. Ci), y22(i)
format (Ix, "I', Ix, i3, Ix, "1',2x, i3,2x, " ", f7.2, ')
continue i
write (*,743)
write (3,743)
continue
aax = 0.0
aay = 0.0
aaz = 0.0
ary =0.0
do 783 i=lnb
aax = aax+pg(i)*phase
aay = aay+qg(i)*phase
ary = ary+pd(i)*phase
aaz = BBz+qd(i)*phase
continue
power = tplol
write (*,784)
write (3,784)
format (//,25x,"*** TOTAL SYSTEM SOLUTION ***')
write (*,793)
write (3,793)
format (/,t34,'"MW,t45,'MVAR')
write (*,794) aax,aay
write (3,794) aax,aay
format (/,10x,'system generation'1t30,2(f7.2,5x))
write (*,803) ary,aaz



803

804

813

814

823

write (3,803) ary,aaz

format (/,!0x,'system load*,t30,2(f7.2,5x) )

write (*,804) ys

write (3,804) s

format (/,10x,'line charging'1t30,2(f7,2,5x))

write (*,813) y2

write (3,813) y2

format (/,1 Ox,'shunt capacitor ',t30,2(f7.2,5x))

ys = ysty2

aax = aax-ary-rea)(ys)

aay = aay-aaz+aimag(ys)

aax = abs(aax-tp)o) )

aay = abs(aay-tg)ol)

write (*,814) tplol.tglol

write (3,814) tplol,tq)ol

format (/,1 Ox,'system 10SS' ,t30,2(8.4,5x))

write (*,823) aax,aay

write (3,823) aax,aay

format (/,1 Ox,'mismatch’,t30,2(f7.4,5x))

return

end

*** this subroutine is used to input data of phase shifter ***
subroutine pster

ReBl Jacob

complex zser,ztser,ycap,ysht,v,yser,ytser,y,vn,y11 ys,r ts,ttr,
* y2,czllcz2,c23,c24,025,yp,yq,ycon,cz6,cz7

common nvBr,nc,pbase,error,alpha,Init,nth(30),zser(40),

* vmax(30)vmin(30)lycap(30)Inet(30),mth(5)Lpower,

* vbase,tr(5),nb,nt,mab(5),pg(30),pd(30),q0(30),qd(30),
* qmax(30)1gmint30),n),nsh(40),neb(40),ztser(5),

* ysht(40),v(30),yser(40),ytser(5),y(30,30)( Joad.ncon,

* noob,nld,nswg,nk(30),pdn(30)1pgn(30),qdn(30)1qgn(30)1
vn(30),nbtypn(30)1gmaxn(S0)Lgminn(30),vmaxn(30),vminn(30),
* mthn(5),mabn(5),dp(30),dq(30),da(30),db(30),de 1(60),

143
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* delv(60),9(30,30),h(30,30),aa(30),b(30)Jacob(60,60),

* n(30),q(30),pca)(30) ,qcal (30) 1dmax,nit,cc(30), vmasfOQ) 1

* angle(30)1t 1 (40)1y],nsj,nj,nof,ngn,na,n,tplo)ltq]o),r(40),
* ys,plol(40),qlol(40),tpol(5),tqol(5),yss(40),ts(5),ttr(5),

* y22(30),npst,nsbp(10),nebp(10),zeta(10) ,nsbpn( 10),

* nebpn(10),nlp(20),yp(40),yq(40),cpst.czllcz2,cz3,cz4,cz5,

* ycon(40,40)Inyy,cz6,cz7,fe(10),xm(30,30),2¢(30,30)1fed(10),
* xser(40),d(40,40)1rser(40)1pf(40),am(10,10),bm(10),cnoll

* amv(10,10),t) (40)

do 700 i=1,40

yp( i) = cmplx(0.0,0.0)

yq(i) = cmplx(0.0,0.0)
700 continue

do 710 i=1,40

do 720 j=1,40

ycon(i,j) = cmplx(0.0,0.0)
720 continue
710 continue

do 760 1=1,10
nlp(i) =0
nshp(i) = 0
nebp(i) =0
nshpn(i) = 0
nebpnt i) =0
zeta(i)= 0.0

750  continue
write (*110)
10 format (/,5x,"** NONVWE WILL INSTALL THE PHASE SHIFTER **'1//,
*bx,1!1 input the data of phase shifters fl')
write (*,20)
20 format (/,5x,'number of phase shifter = '19)
read (*25) npst
25 format (i2)



21

10

*

*

*

if (npst*ne.0) then
cpst =1

e 156

cpst =0

endif

do 70 i=l,npst

write (*,27) |
format (/,5x,'N0. of line that install pst. no.",i2," is ='1§)
read (*,25) nlp(i)
nshp(i) = nsh(nlp(i))
nebpt i) = neb(nlp(i))
continue

return

end

*RK thiS subroutine is used to form X - d parameter *K

subroutine xdcal

Real sacob

complex zser,ztser,ycap,ysht,v,yser,ytser,y,vn,y],s,ys,r,ts,ttr,
y2,czllcz2,cz3,¢24,c25,yp,yq,ycon,cz6,c27

common nvar,nc,pbase,error,alpha,Init,ntb(30),zser(40),
vmax(30),vmin(30),ycap(30),net(30),mth(5), power,
vbase,tr(5),nb,nt,mab(5),pg(30),pd(30),qg(30),qd(30),
qmax(30)1gmin(30),nl,nsh(40),neb(40),ztser(5),
ysht(40),v(30),yser(40),ytser(5),y(30,30)1nload,ncon,
noob,nld,nswg,nk(30)1pdn(30)1pgn(30)1qdn(30)1qgn(30)1
vn(30)Inbtypn(SO)1gmaxn(30),qminn(30)vmaxn(S0),vminn(30)1
mthn(5),mabnt5),dp(30),dq(30),da(30),db(30),del(60),
delv(60),%(30,30),h(30,30),aa(30),b(30),jacoh(60,60),
P(30)1q(30)lpeal(30)lgcal(30),dmax,nit,cc(30)Ilvmag(30)1
angle(30)1t, (40),yL,nsj,nj,nog,ngn,na, ,tplol,tq)ol,r(40),
ys,plol(40),qlol(40),tpol(5),tqol(5),yss(40),ts(5),ttr(5),
y22(30),npst,nshp(10),nebp(10),zeta(10)Inshpn(10),
nebpn(10),nlp(20),yp(40),yq(40)Lcpst.czllcz2,cz3,cz4,c25,

145



10

20

101

120

124

146

* ycon(40,40),nyy,cz6,cz7,fe(10),xm(30,30),2¢(30,30),fed(10),
* xser(40),d(40,40),rser(40),pf(40),am(10,10),bm(10)Lcnoll
* amv(10,10),t1(40)

integer i,j,m,ip,iq,1,ii,jj,ix,jx,pp,qq

write (*110)

write (3,10)

format (/,10x,"*** call xdcal ***')
do 20 i=l,nl

rser(i) = real (zser(i
xser(i) = aimag(zser(
continue

write (*,101)

write (3,101)

format (/,5x,*** THS IS REACTANCE MATRIX **')
m-1

do 999 i=l,nl

ip =nsh(i)

iqg =neb(i)

if (ip.ne.l) go to 500

if (t1(i).eq.2.0) then

go to 120

else

go to 130

endif

** Pranch 1ip = 1 **

continue

m = mtl

do 122 ii=l\m

if (i1.eq.iq) go to 124

xm(iq,ii) = 0.0

xm(ii,1q) = xm(ig,ii)

xm(iq,iq) =xser(i) *

continue

)

)
)



122

130

131

133
132

500

510

511

513

continue

go to 999

** Jink Lip = 1*

continue

1= +1

do 131 ii=l,m

ze( 1,i1) = -xm(iq,ii)

ze(ii,1) = zc(L,ii)

continue

zc(l,1) =-zc(ig,1)+xser(i)

do 132 ix=l,

do 133 jx=],

xm(ix,jx) = xm(ix,jx)-(zc(ix,1)*zc(L,jx)/zc(L,1))
continue

continue

go to 999

continue (

if (t1(i).eq.1.0) then

go to 520

else

go to 510

end if

** link | ip not = 1**
continue

1= +1

do 511 ii=l

ze(l,0) = xm(ip,ii)-xm(iq,ii)
ze(ii,1) =zc( 1, ii)

continue

ze(l ) =zc(ip,1)-zc(ig,1)+xser(i)
do 512 ix=l,

do 513 jx=I,

xm(ix,jx) = xm(ix,jx)-(zc(ix,1)*zc(1,jx)/zc(1,1))
continue



512 continue
go to 999
c ** branch 1 ip not = 1**
520  continue
m=ml
do 520 ii=I'\m
if (ii.eq.iq) go to 522
xm(ig, 1) =xm(iP,il)
xm(ii,iq) = xm(ig,ii)
xm(iq,iq) =xm(ip,iq)+xser(i)
522 continue
521 continue
go to 999
999  continue
do 1000 i=l,m
do 1000 j=I,m ¢
write (*,1001) i,j,xm(i,])
write (3,2001) 1,j,xm(i,j)
1001 format (/,5x,"XM,i2,",7,12,")=+,110.6)
1000 continue
write (*,1201)
write (3,1201)
1201 format </,5x,"** THIS IS ALL D(pg, ) FR ALL LINE **e)
¢ *Jis line of phase shifter *
¢ *1is line of line *
do 2200 j=I,n)
do 2201 i=l, )

if (i.eq.j) go to 1700
d(i,j) = (-1/(xser(j)*xser(i)))* (xm(ii, pp)+xm(jj,qq)-xm(i, qo)
* -Xm(jj,pp))



1500

1700

1750

1999

2201

2200

write (*,1500) PP, qq.ii,jj.d(i j)

write (3,1500) PP,qq,iiljj,d(i,j)

format (/, 5x,+D(", 02, "-",i2,", Q2 ' -r0i2,)=",109.4)

go to 1999

continue

d(iyj) = (Mxser(j)**2)*(xser(j)-xm(ii,ii)-xm(jj,jj)+2*xm(ii,jj))

write (*,1750) pp,qq,il,jj. d(i,j)

write (3,1750) pp,qq,ii,jj.d(i,j)

format (/,5x,'D(", 0T 2 , ,i2,e,o0i 2 , ,i2,")=9+,19.4)
continue

continue

continue

return

end

*** this subroutine is used to calculate optimum angle ***

*% of any phase shifter for loss minimization ***

subroutine fECBl

Real Jacob

complex zser,ztser,ycap,ysht,v,yser ytser,y,vn,yl,s,ys r ts ttr,
y2,czl,cz2,¢cz3,¢cz4,¢cz5,yp,yq,ycon,cz6,cz7

common nvar,nc,phase,error,Blpha,Init,nth(30),zser(40)
vmax(30)lvmin(30)Llycap(30)inet(30),mth(5)Llpower

vbase,tr(5),nbInt,mab(5)1pg(30),pd(30),qg(30) ,qd(30)

* gmBx(30) 1gmin(30),nl,nsh(40),neb(40),ztser(5),

ysht(40),v(30)Llyser(40)lytser(5),y(30,30) 1 load,neon
noob,nld,nswg,nk(30)1pdn(30)Lpgn(30)1qdn(30)Llggn(30)1
vn(30)Inbtypn(30)lgmaxn00),gminn(30),vmaxn(30),vminn(30),
mtbn(5),mBbn(5),dp(30),dq(30)1da(30),db(30),del (60)1
de)v(60),9(30,30).h(30,30),aa(30),6(30),JBCOD(s0.60),

p(30) ,q(30) Lpeal (30) Lgcal (30), dmax,nit,cc(30),vmag00) 1
angle(30),t, (40),yL,nsj,nj,nog,ngn,na,n,tplolltq)ol,r(40),
ys.p)o)(40),qlol(40) tpo)(5). tgol(5), yss(40),ts(5) ttr(5),
y22(30)Inpst,nsbp(L0),nebp(10)lzeta(10),nsbpn(10),



* nebpn(10) Jp(10),yp(40)»yq(40)Lcpst,czltcz2,cz3,c24,c25,
* ycon(40,40)Inyy,cz6,cz7,fe(10),xm(30,30),2¢(30,30),fed(10),
* xser(40),d(40,40),rser(40),pf(40),am(10,10),bm(10),cnol,
* amv(10,10)1t I (40)
integer i, ii,iii,],jjj,ir,ic,ipp,sl, 2,83,ip
write (*,10)
write (3,10)
10 format </,10x,"*** call fecal ***o>
cnol = 0.0
do 6245 i=1,10
do 6245 j=1,10
am(i,j) = 0.0
amv(i,j) = 0.0
bm(i) = 0.0
fe(i) =0.0 \
6245 continue
do 710 iii=1I,npst
sl=nlp(iii)
do 720 jjj=I,npst
2=n)p(jii)
do 730 ii=1, )
730 continue
720 continue
710 continue
do 760 i=1,npst
3 =nlp(i)
do 770 ipp=l, )
bm(i) = bm(i)+pf(ipp)*rser(ipp)*d(ipp,s3)
710 continue
bm(i) = -bm(i)
760  continue
write (*,771)
write (3,771)



171

7100
190
780

[

1112
7110

220
215

225
210

151

format  sx,' = THIS IS ALL AM(,J) =**")
do 700 i=I1Inpst

do 790 j-1,npst

write (*,7100) i]j,am(ilj)
write (3,7100) i,j,Bm(i,j)
format </,5x,'am<',i2,",",i2,") =", 110.5)

continue

continue

write (¥,772)

write (3,772)

format (/,5%,**** THS IS ALL BM(l) ==+

do 7110 i=I,npst

write (*,7112) i,bm(i)

write (3,7112) i,bm(i)

format (/,5x,’bm(*1i2,")=",110.5)

cont inue

do 210 ip=IInpst

do 215 ir=1Inpst

if (ir.eq.ip) go to 21$

do 220 ic=1Inpst

if (ic.eq.ip) go to 220

if (am(ip,ip).eq.0) go to 275

am(ir,ic) =amf(ir,ic)-(am(ir,ip)*am(ip,ic)/am(ip,ip))
continue

continue

if (am(ip,ip).eq.0) go to 275

am(ip,ip) = -L1/am(ip,ip)

do 225 i=],npst

if (i.eq.ip) go to 225

am(i,ip) = am(i, ip)*am(ip, ip)

am(ip,i) - am(ip,i)*am(ip,ip)

continue

continue

do 230 ir-l,npst



230

3434
3333

245
240

255

256
250

215

276

217

do 230 ic=I,npst
amv(ir,ic) - -am(ir,ic)
continue

do 3333 i=linpst

do 3333 j=I,npst

write (*,3434) i,j,amv(i,j)
write (3,3434) i,j,amv(i,j)
format (/,5x,"amv' 1i2,1'1i2,'="1f 10.5)
continue

do 240 i=I,npst

do 245 j=1,npst

fe(i) = fe(i)+amv(i,j)*bm(j)
continue

continue

do 250 i=],npst

1= )p(i)

i =nsh(ii)

jjj = neb(ii)

format (1, 5%,"* FE(",i2,+,",i2,+) = 195’

zeta( i) = fe( i) *

fed(i) = fe(i)*57.2727

write (*,256) fed(i)

write (3,256) fed(i)

format(/,10X,'= «,£10.5,» degree **')
continue

go to 217

continue

write (*,276)

write (3,276)

157

radial **')

format (/,5x,"** THIS CASE IS NO SOLUTION (R MULTI SOLUTION **')

cno) = 1.0
continue



return
end
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