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ภาคผนวก ก

ก า ร ท า ย า โ ค ป ึเม ฬ ก ^

กฬงไฟฟาÂบัสใดๆ 2ค่า 

s i  = v i  h

s i  -  *1 È ^ u ’ V

ท
pa = 2

j  = 1
|Vi( 'v ว่' |YiD! cos(5i -5 j-0 i j )

ท
° i  = 2

j  = 1
«vil | V ว ่1 |Yij ( s in ( 5 i - 5 j - e i j )

โดย

v i (  j ) = แรงสันเฟสเซฟเช้งช้อน (Complex Power) ?

' า ๗ = ขนาดแรงสัฬ ่บ ัส i (  j )

h = กระแสเฟสเชฟจำนวนเช้งช้อนfiบัส i

Yi j = แอด2ตแตนช้เมตรกช้

ï = บุมซองแรงสันเฟสเชอ4 fiบัส i  เ^ยบบับสๆงบัส

e id = มุมชององส์ประกอบแอด2 ตแตนช้เมตรกช้ i ,  j

ยาโคบัเมตรกช้ J หาไสั'จาก
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(  dJ L  J J L \35 am
3Q 3 0

^ 36 3 |  Vj )

^  = flmมต^ก^ย่อย (Subm atrix) ขนาด (n -1 ) X (n -1 )  โดยทํ
36

3 P 2 3 P 2 3 P 2
3 6 2 3 5 3 a 5 n
a p 3 d p 3 3 P 3
ร5 2 3 8 3 a s ท
a p ท a p ท a p ท
3 8 2 3 8 3 d 5 ท

ในทำนองl?'เยวfl'น

3P 
a i  VI 
3 0  
36 

3 0  
ai VI

สือ1มตรกข'ย่อย (Subm atrix) ขนาด (ท -! )  X (ท -!)  

สัอเมด1 ก'[เย่อย (Subm atrix) ขนาด (n -1 ) X (ท -!)  

สืณมต1 ก&เอย (Subm atrix) ขนาด (ท -!)  X (ท -!)

สังนนการหาอนุพัฟ)ของ P1 และ 0 i  1?เยบสับขนาดและ!,!มซองแรงสันบัส
จะ’น

J l ( i . i )  -  ^  - -  | ]  l v i แ ก l | Y i ว ่1 s i n l 8i - 5j - e i j )
* i



(T^) ' (^WT9)uTS IIITAI = -L-fle ■oe

T *

(TT0-)uts|^Ti||TAlZ + (CX0~!:§-T9)uTs|!:i:Àl|CAl 7 = -1^
V oe

(T^) ' (*พ9>«0« เ^แ11Aแ1:Al - = 1Hoe

Ï ะ ç T„
-Cg-T§)soo |-iII^aIITaI 7 = t- = ^ oe

Ï,| -ü±!«. (T^) ' (ชุพฯ?)ร00 I^Al^Al =^rde

?น 1,
(TT0-)soo|r^| I^Al s+( ̂0-ร“^9) so°I"Al ICa|£ =Ale

Tde

(T*3[) ' (îit0-Vt9)uts I^aII^aI ItaI = Y~ : de

(ît'T)^r

(T'T)*C

นุ. 't)£C

(■โ'!)£f

(X 'T)sr

(t't)zc

นุ'นุTr
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ไรยามฮา 'Î  มอ firm » ะฝาส ับ1ฟ ่ส
(Harmonic Definition and Phase Sequences)

. ft ขาม

แรง#น
M

v ( t )  =  a0 + 2  a k  s i n ( k W o t  + 6 k )  
k = l

กระแส oo
i ( t )  = C o  + X  Ck sin(kW bt + $k) 

k = l

fnfoไฟฟ้าแอก?เฟ
«XJ

P  =  a 0 c 0  + X  a k ° k  c o s ( ô k  -  (fek) 
k = l

กำ^งไฟฟ้า^แยกf เฟ
«K*

Q =  Z  a k c k  s i n ( ô k  -  <hc) 
k = l

ฟ้าธฬlüuเยสของแรฬนนสะกระแส (RMS V o lta g e  and C urrent)
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กำfi'ง'ใฟ่ฟาใ}รากฎ (Apparent Power)

1 1
f  0 0  \ 2 ' oo \

Vrms - Imis = I a k2 1 i d . 2
vk~° J lk-°  J

โวลส์แอมแ!}fid องจากความเ&ณ ( D is to r t io n  V o lta m p eres)

= Vs2 -  P2 -  Q2

ฟ้าป,ระกอบ กำfi ง

PF = ร

ฟ้าป,ระกอบการif ïขน ( D is to r t io n  F a cto r) ซองแรงสันและกระแส 
1

DF? =

( ๐0 \ทิ 
ร ิ» * โ
Vrms

DFi  =

{ ~  พ
1 ๙
IRMS

. กำสับเฟสชองอr f  มอ)ใกในระบบสมฤล (B alanced  System ) 

ความfivifiกมล

( t )  = AjCOS ] = ÀjCOS [COot]
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Vb(1 ) ( t )  = AjOOS [ùfet -  y ]  

vc ^ ( t )  = AjCosfOûbt + — ]

= AjCos [พ0 ( t -  ^ - ) ]  3(db
= AjOOS [ผb ( t  + ^ - ) ]

-  CTi มอฟ้ก ftสอง

va ^ ( t )  = A^cos [2ûübt + ({น]
(2 ' ;  2ท'’ ( t )  = AgCOs [2(üû(t -  - - ^ ” )

v</2^ ( t )  = AgCOs [2(»10 ( t  + - - ^  )

= A ^ c o s  [2(übt + 4^]

♦ ร!
271

«il= AjCosj^GOüt + —  +

<fe]
271= AgCos [2(dfc)t -  —  + ♦ 2 ]

- OTfîioflntitnjj

va( 3 ) ( t )
Vl(3 ^ ( t )

vc(3 > ( t )

= A^cos [3ûüt»t + <{(3 ]
= A^cos [3(0e( t -  — — ) ^ 1 3«bt
= AjOOS โ 3Gût) ( t + — ) ^ ^  3«bt

+ < fe] 

+ f e ]

= A^cos [3(0ot + 
= AgCOS [3CCtit -

= AgCOS [30ùbt +

fe]
271 + 4แ3 ] 

271 + ({(3 ]
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โดยfl
y (k )  = 
y (k )  =

โดยห่
1 ( k )xl ,r
T (k)

การสf าง เม *1t f n t f  T

สมการเวกเต ฝก'ระนส?เดฮฝมอ!Xกสัน สับ k 

1 (k) = Y(k) 1 v (k)

เมต'! ก & เอ ด ร ต แ ต น ฝ ม อ ÛกM นสับ k 
เวกเตฝแรงส ันป ัสฮฝมอfolfiสันสับ k

i บัส 1 ใดๆ กระแส&ดจะเป็น

h W  ’ X h ^  - \ W  -  h , r W < i h A m

= สวนประกอบจรงซองกระแส 
= สวนประกอบในตภาพซองกระแส 

= จานวนปัส

โปเฟสเซฝของ V,11 แสะ Y1 11 (k) สัอ

V (k > =เท (k)

r  ( k ) Y (k) *1, (ท * 1 , . (k)



นสมการกระนสสืก

0 * )+ j I i ^ ck)=J 1
Y (k) ท (k)1,เท m i“ s <8i . . (k ,*5»(10 พ s i "<ei

หา0นุฟันé บ า'๗'วนของกระแส?เดifiüijfเบน'รงสันบัส จะไสั

(k) " 1 r (k )
8Ô. (k) -  -  K , » ( k ) l - « > 1 , . ( k ) ‘ * . ( k ) >

« พ ! ! ’
- > l v  M

(k)

(k) 

(k)

Y1 , . (k ) I c ° ร (e1 , . ' k ) *8. ' k ) )

as. (k) -  -  K , » ( k ’ l 1 , . " ‘ ’ ‘ ร . " 0

« 1 1; ' k) 
« | v m( k ) | Y1 , » " °  I — «>1 , . " ° ‘ ร . " 0 )

สัฬ ้น T^k ,k  ̂ หาไสัจากความสัมฟ้น 

[ A I ( k ) ]  .  [ T( k ,k ) j  1 [ Av ( k ) j

ใดยÀ
AI<k > - [ A I1 , . - " ° ' AI1 ,1 " ° - -

AV(k) . [ V j ^ A S  1 AV 1 ( k ) , ,

(k)+5 (k)

(ค !)

(ค 2)

(คร)

(ค4)
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ยาโคป ึน ท ะธน ุกรม  i j f  เย ^ !อ ง  I f l f  องนปลงฝ ัน

กระแสของirô องแปสงฝันในรุปอนุกรมป1)1ฟค่อ 

h
i a ( t )  = 2  [ 1  ป k ^cos(k(ù0 t )  + I r ^k ^sin(k(ù0 t )  ]

โ?เยห่
a+7t

9 1 ' k > .  x ± ( k )  - 1  I  ]  i a (t)oos(k<a0t)d(w 0t) 
a
a+Jt

9 r ' k )  .  I r < k > . r \] i a ( t)s in (k « 0t)d(<a0t) 
' a

กระแส i a ( t )  ประกอบสัว๗ b คงfi, เ6ก์โปIนนเ^ยล แสะพจฟ้ปงค่บ
(F o rcin g  Term) แสคงในตารางfi 3 . 1  แสะ 3 .2  (หฟ้า 4 8 , 4 9 )  i ] แสคงค่า,ในน?iสะ 
รb ง1วสา ค่า g ^ k ) แสะ gr ( k )สามารถค่านวณ'โคย6น?แก'รตแยกแต่สะi วงทสาแค่''วหา
mรวม ในแต่สะใb งทสาจะ?.ฟานประกอบ 3 ต่วฝัฟ้เ

[ I  (ป 1 ) cos(k(00 t)d (û )0 t )  + J E ^ ) e p t cos (kûùgt ) d (๑ 01 ) + 
n  1=1 B], Bj

T l
J F^1 ^cos(k(00 t)d (0 )0 t )  ]

B1
(ง !)
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6 T1 T1 ^
gr t k ) = ~ 2  โ J  c t - ^ s i n f k w 0 t ) d ( ๑0 1) + I  E ^ e P t s in (k(ü0 t  ) d (๑0 t  ) +

n  1=1 Bj_ Bx

T l
I  F ^ 1 ^sin(kCüo t )d (0 )o t )  ] (ง ! )

B1

โดยfl
1 = ช่วงทลา
Bl = 8 M 'างในช่วง 1
T1 = ฒตบนในช่วง 1
e t 1 ) = ค่าคง f
E(1 ) e p(1 ) t  = ค ่าlé กช่โปเนนi f  ยล
F t 1 ) ( t  ) = พจนบังค่บ

ผล$พé ชองการรนf เกรด หา'ใสัสังd
๑0 t= T 1

f-1 ( 1 )  e t 1 )J C K cos(kWQt  ) d (๑01 ) = —̂ — s in (kw 0t )
B1

๑0t= B 1

“ o t= T l

} e t 1 ) s i n ( k w 01 )d (๑Qt ) = -  ^ — s i n ( k w 0 1) 
B1

“ o t= B l
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J ^cos (kQ)Qt )d(Cù0 t )
31

ü)„
[ ( ^ ~ )c o s ( k O )0 t )

“ oV u )
k2

ksin(kü)'อ1 ) ]

co0 t=T1

๑01=6!

} E ^ 'e * 5 '"sin^G û o t )d((0Qt
31

, 1 1  ซ( 1 )( 1 ) Jp-----  tE v ’ e (ùr
) = X L)\2 [ {^7“ )sin(k«0t)

%V 0 )
+ k2

-  k c o s (k(0o t ) ]
(o0t= î1

ü)0 t=B1

พจาเบ้งfiบประกอบสัวขพจาเอนุกรมของ1 ๗  (S in e  S e r ie s  Terms) ใน  
ถมการfi 3 .8 ,3 .9 ,  และ 3 .1 5  ฬามารถใ#ความฟ้มพัน^0ไป C[หาfhSufil กรด’น

js in (a x + b )c o s ( cx+d)dx = ~c ° s f b ~d] -  ff-°- - L^ o T ^ d1

J s i n ( a x + b ) c o s ( c x + d ) d x  =  — ■ % l l y 1b-d] - s l n f '2% 7 ; b t d 1  , a 2 - c 2

fs in (a x + b )s in (a x + d )d x  = 2 c o s (b -d )  -  s i n (2| * +k+d)

f . , 1 1 , 1 . ,  X ..............  cos(2ax+b+d)J sin (a x + b )co s(a x + d )d x  = ^ s in ( b -d )  -  ------เ^ -----------



126

สมการ G(k ,:i) แทนสัวขอนุ#นéบา๗'วนซอง gr k̂ ) , g ^ k  ̂เ?เยบน้บแรงสัน
flป้อนi f าในซ่ายวงจรโ(A pplied  Network V o lta g e s )  อนุฬนช่บางน้วนฟ้หาโคยตรง 
จากSufmfRของพจน้ปังf(บ ค่า T1 แกะ Bx เป็น#งน้ชนของบุมน้บเปฟ้ยใ41 ช่งเป็น#งค่ชน 
ซองแรงสันค่าย โคยซ่วไปค่า K pK 2 , และ K3 ค่เป็น#งค่ชนของแรงสันค่าย เฟ้องจากไม ่
สามารถหาความความแปรเปน้ยนflบแรงfly (V a ria tio n  w ith  v o l ta g e )  ของ K^K2 , 
K3, แดะ \L ใสั' สังน้นค่งสมมต่ว่าค่าเหล่าฟ้คงฟ้น้าหช่บการแปรเปสืยนของแรงสันช่วงเส์กๆ

เมต1 กช่ H^k ) กาหนดโคยใช่ร$ ของไ#ในต่สัฟ่เฟอเรนช่(Method of F in i t e  
D iffe r e n c e s  ) กระแส gr \  จ 1 *k * ประมาณโดยการใช่ผลต่างเสืกน้อยของสัวแปร
ควบคุมอุปกรถทม่เชงเน้น (N on lin ear  D ev ice  C on trol V a r ia b le s )  p ห^อ Y 
ค่าอน ุ#๗ ประมาณไสั'สังฟ้

àgr ( k ' v k > Agr <k > Agr <k >
ap aY 4 AY

agl ( k ) dgi ( k ) Agr ( k > Agr <k »
ap aY AP AY
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กำฐานกระแส«รง!องIฬ่องแปลงฝัน

กำกำสังสองอ'ฬเ6 มเธสของแรงสันกระแสตรงสัาน DC ของเท่! องแปองผัน'โดย 
ใม่สัดผลของการฟ้บเปร่ขน อ^ในรุป

ท,+ a6

VDC = ที H ^ VA C (l-n)] 00ธ20 de
-^ + a  6

, 2 2
VDC = 3 V d - I , ) ! 1 * i f  oos2a)

T o  yi $1 iriu น่

VA C (l-n ) = ^าอา^มเอสชองแรงสันเฟสกระแสสสับสัาน AC ของIff!องนปลงผัน 

1ใขามกำแรงสันฐานสังฟ ้

VBDC = VBAC(l-n)

โดย fl

VBAC(l-n) = แรงสันฐานกระแสสสับ?งเป็นแรงสันเฟส
VBDC = แรงสันฐานกระแสตรงอา'}เé มเอส
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เฟ้องจากนรงสัน E ของเท่i องนปลงฝัน DC ใน HARMONIC รค ืาเป ็นเปอ!เชน
สังฟ้น

ED C (v o lts) = ED C (pu)’ VBDC

ห$ 0

ED C (v o lts) = EDC(pu) ' VBAC(l-n) (จ !)

โคยฟ้

EDC( v o l t s )  = แรฬพTHะแโพพงอ'rfl6 มเอส 
EDC(pu) = แรงสันกระน«ตรงหฟ้งหนวย1น HARMONIC

รมสแดน!ของเด!องแปดงPในแสดงเป็นเปอ!เชนçfaองรมfm ดน!ฐานสัาน AC 
ซองเฬ่องแปลงฝัน ฟ้นคือ

ZDC(ohms) = ZDC(pu) ■ ZBAC (จ2)

ZBAC
‘‘"'DC(ohm s) -  
ZDC( p u )

Swfmคน!ฐานคืำน AC ของเค!องแปดงสัน 
รม$แดน!จ!ง (50 He )
Sufiแดน! DC หฟ้งหน่วยใน HARMONIC
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สรุปff)flวามนส«งความฝัคพลาด

*** ERROR CODE 1 ***
CONTROL CODE = 0 IS NOT VALID

*** ERROR CODE 2 ***
EITHER ONE OF THE PRECEEDING BUS NUMBERS IS OUT OF RANGE OR THE 
FROM-TO NUMBERS ARE IDENTICAL

*** ERROR CODE 3 ***
NUMBER OF LINES HAS EXCEEDED PROGRAM LIMIT = 0

*** ERROR CODE 4 ***
TRANSFORMER TAP OR CONNECTION TYPE NOT VALID

*** ERROR CODE 5 ***
ONLY ONE CODE 3 SET OF INPUT DATA IS ALLOWED

*** ERROR CODE 6 ***
ONLY ONE CODE 4 SET OF INPUT DATA IS ALLOWED

*** ERROR CODE 7 ***
BUS NUMBER OUT OF RANGE -  HIGHEST ALLOWED NUMBER = 0

*** ERROR CODE 8 ***
EITHER BUS TYPE OR BUS SUB-TYPE OUT OF RANGE
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THIS COMBINATION OF TYPE AND SUB-TYPE NOT ALLOWED

*** ERROR CODE 10 ***
MORE THAN ONE BUS SPECIFIED AS SWING BUS

*** ERROR CODE 11 ***
NO SWING BUS SPECIFIED

*** ERROR CODE 12 ***
TOO MANY BUSSES-MAXIMUM NUMBER OF BUSSES = 0 

*** ERROR CODE 13 ***
THIS BUS NUMBER HAS ALREADY BEEN SPECIFIED 

*** ERROR CODE 14 ***
ONE OF BOTH OF THESE BUS NUMBERS WAS NOT INCLUDED IN THE CODE 3 
DATA

*** ERROR CODE 9 ***

*** ERROR CODE 15 ***
CODE 3 (FUNDAMENTAL LOADFLOW BUS DATA) MUST PRECEED NONLINEAR BUS 
DATA

*** ERROR CODE 16 ***
ONLY ONE CODE 6 SET OF INPUT DATA IS ALLOWED 

*** ERROR CODE 17 ***
THIS BUS NUMBER WAS NOT INCLUDED IN THE CODE 3 DATA
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THE NUMBER OF BUSSES HAS EXCEEDED THE NUMBER OF BUSSES OF THIS 
TYPE AS DETERMINED FROM THE CODE 3 DATA

*** ERROR CODE 19 ***
NONLINEAR DATA WAS NOT SPECIFIED FOR BUS 0 

*** ERROR CODE 20 ***
THIS BUS TYPE DOES NOT AGREE WITH THE CODE 3 DATA 

*** ERROR CODE 21 ***
NO BUSSES OF THIS TYPE WERE INCLUDED IN THE CODE 3 DATA

*** ERROR CODE 22 ***
CODE 3 DATA MUST PRECEED CODE 4 DATA

*** ERROR CODE 23 ***
THE CONVERTER FILTER REACTANCE SHOULD NOT BE NEGATIVE 

*** ERROR CODE 24 ***
THE OVERRIDE HIGHEST HARMONIC = 0 EXCEEDS THE MAXIMUM ALLOWED = 0 
(DETERMINED FROM MAXHAR AND THE ABSENCE OR PRESENCE OF ZERO 
SEQUENCE)

*** ERROR CODE 25 ***
THIS POSITIVE-NEGATIVE SEQUENCE LINE IMPEDANCE IS VERY SMALL

*** ERROR CODE 18 ***
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PASSIVE CONVERTER BUSSES CANNOT HAVE p OR Q GENERATION

*** ERROR CODE 27 ***
ABS(ร) CANNOT BE LESS THAN p AT A PS BUS

*** ERROR CODE 28 ***
PL OR PG CANNOT BE NEGATIVE AT NONLINEAR BUSSES

*** ERROR CODE 29 ***
NEGATIVE RESISTANCE NOT ALLOWED

*** ERROR CODE 30 ***
THE JACOBIAN HAS A ZERO ON THE DIAGONAL. DIAGONAL ELEMENT 
POSITION = 0, VALUE = .0

*** ERROR CODE 31 ***
THERE MUST BE AT LEAST TWO BUSSES TO RUN THE LOADFLOW 

*** ERROR CODE 32 ***
THE FUNDAMENTAL LOADFLOW DID NOT CONVERGE TO THE DESIRED WORST 
BUS P,Q MISMATCH TOLERANCE = .0000

*** ERROR CODE 33 ***
NONLINEAR BUSSES CANNOT HAVE BOTH LOAD AND GENERATION

*** ERROR CODE 34 ***

*** ERROR CODE 26  ***

xs SHOULD BE GREATER THAN ZERO
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R SHOULD NOT BE SPECIFIED

*** ERROR CODE 36 ***
ALPHA SHOULD NOT BE SPECIFIED

*** ERROR CODE 37 ***
ONLY ONE CODE 7 SET OF INPUT DATA IS ALLOWED

*** ERROR CODE 38 ***
THIS ALPHA IS NOT ACCEPTABLE

*** ERROR CODE 39 ***
E SHOULD NOT BE SPECIFIED

*** ERROR CODE 40 ***
PL OR PG MUST BE GREATER THAN ZERO AT A P-ALPHA BUS

*** ERROR CODE 41 ***
SHUNT CONNECTION TYPE NOT VALID

*** ERROR CODE 42 ***
SHUNT ELEMENT CONNECTION TYPE SPECFIED FOR NON SHUNT ELEMENT

*** ERROR CODE 43 ***
THE HARMONIC POWERFLOW HAS BEEN REQUESTED BUT THERE ARE NO

*** ERROR CODE 35 ***

NONLINEAR BUSSES
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THE HARMONIC LOADFLOW DID NOT CONVERGE TO THE DESIRED WORST BUS 
TOLERANCE = .0000

*** ERROR CODE 45 ***
ZERO SEQUENCE ANALYSIS HAS BEEN REQUESTED, BUT ZERO SEQUENCE 
IMPEDANCE IS MISSING FOR THE ELEMENT CONNECTED TO BUSSES 0-0

*** ERROR CODE 46 ***
SHUNT CONNECTION TYPE IS SPECIFIED, BUT THE SHUNT O IS VERY SMALL

*** ERROR CODE 47 ***
CODE 4 DATA MUST PRECEED CODE 5 DATA

*** ERROR CODE 48 ***
THE ITERATIVE SOLUTION OF THE COMMUTATION ANGLE FOR THE LINE 
COMMUTATED CONVERTER AT BUS 0
DID NOT CONVERGE. ITERATIONS = 0 , COMMUTATION ANGLE = .00 THE 
MISMATCH IS -----FI = .0 , F2 = .0

*** ERROR CODE 49 ***
THE JACOBIN DIMENS I ON ( MAX AJ AC) MUST BE AT LEAST TWICE AS LARGE 
THE NUMBER OF BUSSES (NB) TO RUN THE FUNDAMENTAL LOADFLOW NB = 0, 
MAXJAC = 0

*** ERROR CODE 50 ***
THE END OF PERIOD 2 FOR THE LINE COMMUTATED CONVERTER AT BUS 0 
CANNOT BE DETERMINED SINCE THE CURRENT NEVER GOES POSITIVE

*** ERROR CODE 44  ***
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THE ITERATIVE SOLUTION OF THE END OF PERIOD 2 FOR A LINE 
COMMUTATED CONVERTER AT BUS 0 DID NOT CONVERGE.
ITERATIONS = 0, ENDING ANGLE (PAST DELAY ANGLE) = .0 0 ,ERROR = .0

*** ERROR CODE 52 ***
R MUST BE GREATER THAN ZERO

*** ERROR CODE 53 ***
ZERO SEQUENCE HAS BEEN REQUESTED, BUT THERE ARE NO ZERO SEQUENCE 
SOURCES

*** ERROR CODE 54 ***
IMPEDANCE FOR HARMONICS ONLY SHOULD NOT BE SPECIFIED AT A NON 
SHUNT ELEMENT

*** ERROR CODE 55 ***
ACCORDING TO THE FOLLOWING DIMENTIONS, NB = 0, NOHAR = 0,
NNLIN = 0, THE JACOBIAN DIMENSION
MAXAJAC SHOULD BE AT LEAST = 0
THE SPECIFIED MAXAJAC = 0 IS TOO SMALL

*** ERROR CODE 56 ***
OL CANNOT BE MEGATIVE AND OG CANNOT BE POSITIVE AT A LINE 
COMMUTATED CONVERTER

*** ERROR CODE 57 ***
SOME LOAD OR GENERATION PARAMETERS SHOULD BE SPECIFIED AT A

*** ERROR CODE 51 ***

NONLINEAR BUT NON E- ALPHA BUS
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THE SUM OF THE DELAY ANGLE PLUS THE COMMUTATION ANGLE AT BUS 0 IS 
.00 DEGREES.THIS EXCEEDS THE LIMIT OF .00 DEGREES

*** ERROR CODE 59 ***
LOAD OR GENERATION SHOULD NOT BE SPECIFIED AT AN E-ALPHA BUS 

*** ERROR CODE 60 ***
THIS PROGRAM DOES NOT PERMIT ZERO SEQUENCE ANALYSIS 

*** ERROR CODE 61 ***
THERE ARE PATHS WITH DIFFERENT PHASE SHIFTS FROM BUS 0 TO THE 
SWING BUS

*** ERROR CODE 62 ***
DISCONTINUOUS NETWORK. BUS 0 HAS NO PATH TO THE SWING BUS 

*** ERROR CODE 63 ***
A TRANSFORMER TAP OR CONNECTION TYPE SHOULD NOT BE SPECIFIED FOR 
A SHUNT ELEMENT

*** ERROR CODE 64 ***
THERE IS NO PATH TO NEUTRAL FOR THE HARMONIC CURRENTS

*** ERROR CODE 65 ***
THE HIGEST HARMONIC MULTIPLE CONTAINED IN VECTOR NHVECT = 0

*** ERROR CODE 58  ***

SHOULD NOT EXCEED THE DIMENSION MAXHMP = 0
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NONLINEAR ELEMENT CONNECTION TYPE NOT VALID
*** ERROR CODE 66  ***

*** ERROR CODE 67 ***
VOLTAGE SHOULD NOT BE SPECIFIED AT A PO BUS OR NONLINEAR BUS

*** ERROR CODE 68 ***
THIS SPECIFIED VOLTAGE IS OUTSIDE THE NORMAL RANGE OF 50% TO 150%



ภาAHนวก 1

สรุป fofl วาม À บอก,1 Tfiflfnราบ

*** MESSAGE CODE 1 ***
ASSUMED TRANSFORMER CONNECTION TYPE = 1

*** MESSAGE CODE 2 ***
ASSUMED SHUNT CONNECTION TYPE = 1

*** MESSAGE CODE 3 ***
THE ITERATIVE SOLUTION OF THE COMMUTATION ANGLE FOR THE LINE
COMMUTATED CONVERTER AT BUS 0 CONVERGED OUTSIDE THE ACCEPTABLE 
RANGE OF 0-60  DEGREES ITER = 0, COMMUTATION ANGLE = .0 0 . THE
COMMUTATION ANGLE WILL BE RESET TO THE NEAREST LIMIT

*** MESSAGE CODE 4 ***
A TRANSFORMER SHOULD NOT HAVE LINE CHARGING -  THIS VALUE OF
CHARGING IS IGNORED

*** MESSAGE CODE 5 ***
THE ITERATIVE SOLUTION OF THE END OF PERIOD 2 FOR A LINE 
COMMUTATED CONVERTER AT BUS 0 CONVERGED TO .00 DEGREES (PAST 
DELAY ANGLE). THIS IS OUTSIDE THE ACCEPTABLE RANGE OF 0 TO 60
DEGREES. RESET TO THE NEAREST LIMIT
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USING A CONSTANT CURRENT CONVERTER MODEL, p SHOULD NOT EXCEED 
3*S/PI CONVERGENCE MAY BE DIFFICULT.

*** MESSAGE CODE 7 ***
THE R AT THE PRECEEDING BUS IS PROBABLY TOO LARGE TO ALLOW THE 
SPECIFIED LOAD NON REALISTIC NEGATIVE E MAY RESULT

*** MESSAGE CODE 8 ***
THE R AT THE PRECEEDING BUS IS PROBABLY TOO LARGE TO ALLOW THE 
SPECIFIED GENERATION NON REALISTIC POSITIVE E MAY RESULT

*** MESSAGE CODE 9 ***
THE TIME CONSTANTS FOR THE LINE COMMUTATED CONVERTER AT BUS 0 ARE 
VERY SMALL PROBLEMS MAY ARISE IN USING EXPONENTIAL FUNCTIONS

*** MESSAGE CODE 10 ***

*** MESSAGE CODE 6 ***

ASSUMED NONLINEAR ELEMENT CONNECTION TYPE = 1



ภาคพนวก ช

รายส:แรยครองสัวแปรในโปรแกรมหกํโถ

ผัวแปร ชโใด รายRะเรยด

ACCEL R นปณต0'f เใ?ง (A c c e le r a t io n  F a cto r) $ใซ่โหา 
พารา fil ตฟของอุปกรถ!น)แงเสัน

AJAC(MAXAJAC) R ยา!คบัเมตรกช'
AK1, AK2, AK3 R ผัวแปรกระแสของเกร่องแปกงผัน K l, K2, K3
BUSNAME(MAXNB) A ร่อ ซส
BTEMPN A ผัวแปรร่วfrราว ffltfl{fl บร่อบัส
B0(MAXLINE) R ประจุสายกาผับภูนย
Bl(MAXLINE) R ประจุศายกำผับบวก
CHARGE(MAXLINE) R ประจุสาย
CMPONE c จำนวน1ชง#อนร่ M l  หฉ่ง
CMPZERO c จำนวนเชง f อนร่ Î) ค่าศุนส์
CODE3 ,CODE4,CODE5 
CODE6 ,CODE?

L แสคงสภาพซองผัวแปรควบคม

COM(MAXNB) R บุมฟ้บเปกํขน
COMMENT A ผัวบอกจุดประสงผัซองการใชํโปรแกรม
COMTOLE R }ๆ,วงกว่างการคอนเฬจ่1นการหาคำตอบของบุมฟ้บเปกํยน
CONV L ผัวแสคงว่า!หกค!ฟกว่คอนเฬจ
COS 30 R โดไชไใของบุม 30*
CSWING L ผัวแสดงสไงบัส
DELTAX(MAXAJAC) R เวท เตฟ ร ่ไ# หากำตอบ1ใหม่ (Update V ector) ซอง 

รร1ใวผัน-ราฟ่ฟ้น
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ตัวแปร ช'รด รายละ [tเยค

DE LT AY ( MAX AJ AC ) R เวณตอไของค่าฟ้ไปไบผัน (Mismatch V ector) ของ 
ไ!&วตัน-ราฟ่ฟ้น

DEPART R ช่วง (S tep  S iz e )  ของการประมาณหาอนุปนไบางส่'วน 
ของ1กไองแป«งฝัน

DELAY R บุมประไง a
DR R แฟกเตอไการแปดงจากองศาเป็นเรเผัยน
ECONY R ค่าแรงผันก'ระแสต1รงของเกไองแปดงฝัน
EDUM1,EDUM2,EDUM3 R ตัวแปรผัใช่ระหว่างโปรแกรม Û อย
EP3,EP4,EP6,EP9 R ค่า 10~3,1 0 _ 4 ,1 0 ~ 6 ,1 0 ~ 9
ER R ค่า 1  ของ Ifไไองแปดงผัน
FALSE L ตรรก .FALSE.
FCONV(MAXNB) R ค่าไแอกแตนช่ F ของเก1 องแปดงผัน
FFANG( 2 ,MAXHAR) R บุมแรงผันอาไมอรกในปงผัช่นปงผับ

(F o rcin g  F u n ction )
FFMAG( 2 ,MAXHAR) R ขนาดแรงผันอาไมอรกในปงผัช่นปงผับ
F2TOLE R ช่วงกไางการกอนเไไจfiใช่หาเวลาสันสุดในช่วงสั 2
GI(MAXNB,MAXHAR) R กระแสอาไมอรกส่วนไนตภาพfนไดจากเกไองแปดงผัน
GITEMPO(MAXHAR) R ตัวแปรช่วกราวของ GI
GPATH L ตัวแสดงเสันทางไปรวตไดของกระแสอาไมอรก
GR(MAXNB, MAXHAR) R กระแสอาไมอรกส่วนจไงสัเไดจากเกไองแปลงผัน
GRTEMPO(MAXHAR) R ตัวแปรช่วกราวชอง GR
HANG(MAXHAR) R ตัวแปรช่วกราวใช่เผับบุมชองสญญาณอาไมอรก
HDF R แฟณตอไกวามเปยนfilไดจากอาไมอรก

(Harmonic D is t o r t io n  F a cto r)
HFUND R ส่วนประกอบ ผักวาม fi หผักมด
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ต่วแปร ชม้ค รายละเ!ใยด

HMAG(MAXHAR) R ต ่วแปฬ ่วคราวใ,y  บขนาดของสญญาณอา'?มอม้ก
HPEAK R ค่ายอด (Peak V alue)
HRMS R ค่าอา')lé ม1อส
IOPT C14) I การเสือกหาค่าตอบ
ISDUM1 I ต่วแปร ระหค่างโปรแกรมค่อย
ISDUM2 I ต่วแปร tfltfï: ะหว่างโปรแกรมค่อย
ITERCOM I จำนวนการวนชาซองการหาค่าบุมฟ้บเปสืยน
KRENUM(MAXNB) I เวกเตอ')ÀH เรยงเลขบัล
KSHAR(MAXNB) I แบบการต่อองค่ป'ระกอบชนต่รม$ แดน1Î 

(Shunt Impedance Elem ent) (ม ้าค่าเป ็นลบ 
วะ'แโคดเฉพาะซา'f มอ ม้กเ yh iiน)

KSHTYPE(MAXNB) I แลดงแบบการต่อรแอกเตอ'?และชนต่คะแปซเตฬ
KTRCON(MAXNB) I แบบการต่อหม้อแปลงของเด่! องแปลงผัน
KTRTYPE(MAXLINE) I แบบการต่อหม้อแปลง
LINES( 2 ,MAXLINE) I ล า๗ ง, หม้อแปลง, องทประกอบขนานจากบัลไปบัส
MAXAJAC I ฒสุงสุดซองยาโกบัเมตรก^
MAXHAR I จำนวนลุงสุดของอารมอม้ก (รวมความสืหสกมุล)
MAXHMP I ต่วคณอา')มอม้ก (Harmonic m u lt ip le )  ลูง?[ด
MAXLINE I จำนวนรวมลุงสุดของลา๗ ง, หม้อแปลง, 

องค่ประกอบขนาน
MAXNB I จำนวนบัลลุงสุด
MBHUSE I จำนวนบัลของ $  ม้สุงสุด
MXFITER I จำนวนการวนชาลุงสุดของการไหลของกำสงไฟฟ้าfi 

ความสืหสกมุล
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สัวแปร ชแด ราย ล ะ ข ด

MXHITER I จำนวนการวนชาชุงชุดของการไหลซองกำสังไฟฟ้าสั 
กวามÀรา')มอแก

NB I จำนวนบัส
NBEXT(MAXNB) I itiinflอง il บก''ไรสัคบัสใน'โปรแกรม fl บบัส t f lf
NBINT(MAXNB) I เ^ยวf  อง fi บบัส $ # ส ับ  กาฬดบัสใน!โปรแกรม
NBSHFT(MAXNB) I สัวÀไ#ตรวจสอบความต่ณแองของวงจร
NBSUBT(MAXNB) I ชใได[เอขของบัส (Bus S u b -ty p e s )
NBTYPE(MAXNB) I ชแคของปส
NHAR I จำนวนชอง073มอแก
NHIGH I สัวภูณขีาวมอแกชุงชุค
NLIN I จำนวนบัสi f งฬน
NLINES I จำนวนองสัประกอบขนาน, ส า๗ ง, ห}ไอแปดง
NNLIN I จำนวน บัลใม่เ f  งเฟ้น
NNL1 I จำนวนM ป1f งเฟ้น ชแด 1 (แบบพ าส%■ฟ)
NNL2 I จำนวนบัสไ}]เ$งเสน ชแค 2 (แบบแอกสัฟ)
NOERMAX I จำนวนกวามฝ็ดพลาดชุงชุด
NOERR I จำนวนกวามfiดพลาด
NOHAR I จำนวนรา')มอแก
NPQLIN I จำนวนบัส[เอย PQ (บัสเ#งเสน)
NPVLIN I จำนวนบัส[เอย PV ( บัสเ#งเสน)
NPHS EQ(MAXHAR) I แสดงลำสับเฟสของฮา')มอแก
NSHMAX I แบบชุงชุดของการต่อองสประกอบขนาน
NSUBS I ชแดของบัส[เอย (S u b -ty p e) ชุงชุด
NTRMAX I แบบชุงชุดของการต่อห}ไอแปลง
NTYPES I ชแคของบัส (Type) ชุงชุค
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ต่วแปร ช1ใค ราย R ะ it)ยค

PATHBTS(MAXNB) L ต่วแสคงเฝันทางจากบัสต่าง ๆ ไปสไงบัส
PG(MAXNB) กำกำฝังไฟฟ้าจไงร่จ่ายออก (G en eration )
PI R กำ Tl

PL(MAXNB) R กำกำฝังไฟฟ้าจไงร่ไบ (Load)
PSHIFT(MAXHAR) R ต่วแปรช่วกราวชอง}jมเร่อนห}ไอแปลงร่เกไองแปลงฝัน
PI, P2 R กำกงร่เวลา (Time C on stan t) ของเคไองแปลงฝัน
QG(MAXNB) R กำกำฝังไฟฟ้าไแอก?เฟร่จ่ายออก
QL(MAXNB) R กำกำฝังไฟฟ้าไแอก?เฟ่ร่ไบ
RCONV(MAXNB) R ความต่านทาน R ซองเกไองแปลงฝัน
K i  KLUIÎ ( 1ÏÂÀÎM D  j R ความต่านทานห}ไอแปลงซองเคไองแปลงฝัน
RO(MAXLINE) R กวามต่ๆนทานลำต่บสูนย์ขององกํประกอบขนาน, ส า๗ ง
Rl(MAXLINE) R ความต่านทานลำต่บบวกและลบขององกํประกอบขนาน 

ส า๗ ง , ห}ไอแปลง
R30,R60,R90 
R120,R360

R กำเร เ?'เยนของ})ม 3 0 ■ 60 * 9 0 ’ 120* 360*

ร (MAXNB) R กำโวลต่แอมแปไเสรอน
S IN 30 R กำไช!(ของบุม 30*
SUBNAME(6 ) A รายละเÎ เยคของบัส'ช1ใดกํอย
SRCBL(MAXNB) R กำชนต่ไแอกเตอไหไอคะแป!เตอไร่โหลดบัส
TAP(MAXLINE) R แทป (Tap) ซองห}ไอแปลง
TERMINAL L การส้พ ุ[คการหากำตอบ
TITLE A ช่อเไอง
TOLE R จ่วงกอนเไไจของการหากำฝังไฟฟ้าและกระแส
TRUE L ดรรก .TRUE.

V(MAXNB) R แรงต่นกำหนดร่บัส PV
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สัวแป? รายละเ?)ขด

X(MAXAJAC) R สัวแปรแรงสันของไ!tà'วสัน-ราฟฟ้น
XTRCON(MAXNB) R ค ่า ไ แ อ ก แ ฟ  L ซองหฟ้อแม่ลงÀเคร่องแปกงผัน
XO(MAXLINE) R f i l ! แอกแตน#าส ับภ ูนdขององค่ประกอบขนาน, ส า๗ ง
XI(MAXLINE) R ค่ารแอกแตน#าสับบวกและลบขององค่ประกอบขนาน, 

ส า๗ ง, หฟ้อแปลง
Y(MAXAJAC) R สัวแปรกำสังไฟฟ้าของไ!&วสัน-ราฟสัน
YBUS (MAXNB,MAXNB, 
MAXHAR)

R เมตรก^ YBUS

ZOURCE L แสดงแหล่งกำเฟ้ดกระแสลำสับชุนกํ (Zero Sequence  
Current S ou rce)

โดย?i
A = สัว?Jกบร (C h aracter) 
c  = จำนวนเแ-งf อ,น (Complex) 
I = จ ำ นวนเ ม (I n te g e r )
L = ดรรก (L o g ic a l)
R = จำนวน'ฬง (Real )



ภากพนวก น

#วอฝางÏ อ^8 แ«ะผ«การร1กราะฟระบบไฟฟากำ!!โง 8 ปัส

เอ ^ ใน ไฟ ก ํ DATA. TXT

EIGHT BUS SYSTEM WITH 12 PULSE ACTIVE CONVERTER 
TEST SYSTEM FOR HARMONIC POWER FLOW PROGRAM

1SWING 12BUS 2 33BUS 3 34BUS 4 3 20. 0 12. 45BUS 5 3 10. 0 6. 263 US 6 3 10. 0 6. 27BUS 7 3 10. 0 6. 28BUS e 24 23. 5294 20. 099941 2 . 05 . 52 3 . 8333 4 1. 355 3. 9S7 . 0124 5 1. 355 3. 987 . 0125 6 1. 355 3. 9S7 . 0126 7 1. 355 3. 987 . 0127 ร 1. 355 3. 987 . 0121 0 . 5
999

~7ธ 25. 0 100. 0 13. 06
9995๐ 125 8

-100. 0
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HARMONIC POWER FLOW PROGRAM (1 9 8 0 )

WATSON CHANSAJCHA PROGRAMMER
ASST. PROF. P R A S IT  P ITTA Y A P A T ADVISOR

ENERGY SYSTEM RESEARCH LABORATORY 
ELEC TR IC AL ENGINEERING DEPARTMENT 
CHULALONGKORN U N IV E R S IT Y

EIG H T BUS SYSTEM W ITH 12 PULSE A C T IV E  CONVERTER

TEST SYSTEM FOR HARMONIC POWER FLOW PROGRAM

FUNDAMENTAL LOADFLOW BUS DATA (PERCENT VOLTAGE. POWER)
BUS NAME TYPE SUB-TYPE P GEN Q GEN ร P LOAD 0 LOAD VOLTAGE 0  SHUNT KEHTYPE

1 SWING 0 1 0. 00 0. DO 0. 0 0 0. 0 0 0. 0 0 105 . 00 0. 0 0 0
2 BUS 2  0 3 0. 00 0. 00 0. 0 0 0. 00 0. 00 0. 00 - 1 0 0 .  00 0

* * #  iMESSAGE CODE 2  * * #
ASSUMED SHUNT CONNECTION TYPE = 1

3 BUS 3 0 3 0. 00 0. GO 0. 00 0. 00 0. 0 0 0. 0 0 0  0 0 0
4 BUS 4 < 0 3 0. 00 0  00 0. 0 0 20 . 00 12. 40 0. 0 0 0. GO 0
5 BUS 5 0 3 0. 00 0. 00 0. 00 10 00 6 . 2 0 0. GO 0. 0 0 0
6 BUS 6 0 3 0. 00 0  GO 0. 00 10. 00 6 . 2 0 0 00 0. GO 0
7 BUS 7 0 3 0. 00 0. 00 0. 00 10. 00 6. 2 0 0. 0 0 0. 0 0 0
8 BUS อ 2 4 0. 00 0. 00 2 3 . 5 3 20 . 00 0. GO 0 . 0 0 0 . 0 0 0

END 1OF CODE ว  BUS DATA

L IN E AND TRANSFORMER DATA1 (PERCENT IMPEDANCE. CHARGING)
FROM TO

DUS BUS R 1 XI C l RO x o CO TAP T-T Y P E Z-TY P E 1 f-Gh ! L t

1 2 0. 05 0. 50 0. 0 0 0. 0 0 0. 0 0 0. GO 0. 0 0 0 G G 0
2 3 0. 00 o. 03 0 . GO 0. 0 0 0. 0 0 0. GO 1. 0 0 0 0 0 0

4 แ เ  # 1MESSACE CODE 1 « * #
ASSUMED TRANSFORMER CONNECTION TYPE = 1

3 4 1 .3 6 3. 99 0 01 0. 00 0. GO 0. 00 0. 0 0 0 0 0 0
4 5 1. 36 3. 99 0. 01 0. 0 0 0. 00 0. 00 0. 0 0 0 0 0 0
5 6 1. 36 3. 99 0. 01 0 . 0 0 0. 0 0 0. 00 0  COO 0 0 0
6 7 1. 36 3. 99 0. 01 o. 0 0 0. 0 0 0. 00 0. 0 0 0 0 0 . 0
7 8 1 .3 6 3. 99 0. 01 0. 0 0 0. 0 0 0. 00 0. 0 0 0 0 0 0
1 0 0. 00 0  50 0. 0 0 0. 00 0. 00 0. GO 0  0 0 0 0 0 1
MESSAGE CODE 2 * « *

ASSUMED SHUNT CONNECTION TYPE = 1

END OF CODE 4 L IN E  AND TRANSFORMER ;DATA
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NONLINEAR TYPE 2  BUS DATA
BUS R F E DELAY RS X5 KTYPE

8 2 5 . 0 0 100 . 00 0. 0 0 0. 0 0 0. 00 13, 0 0 6

END OF NONLINEAR TYPE 2  BUS DATA

SO LUTIO N OPTIONS

O PTION NUMBER 1 2 3  4 5 6 7 8 9 10 1 1 12 13 14

O PTIO N VALUE 0  1 2 5  0 0  0 0  0 0  0 0  0 ๐ 0

STARTIN G  ESTIM ATES OF NONLINEAR D E VIC E PARAMETERS

BUS NAME TYPE p GEN 0 GEN P LOAD Q LOAD DELAY R E

อ BUS 8 PS

๐๐๐

0 . 0 0 20 . 00 10. 24 2 7 . 11 2 5 . 00 79 . 12

END OF STARTIN G  EST IMATES

FUNDAMENTAL LOADFLOW IT E R A T IO N  SUMMARY

ABSOLUTE REAL POWER MISMATCH ABSOLUTE REAC TIVE POWER M l51ฯATCH
WORST W0R5T

IT E R A T IO N AVERAGE WORST BUS AVERAGE WORST BUS

0 2 4 . 14 99 . 01 2 161 . 61 1090 . 10 2
1 2. 45 9. 74 2 9. 77 6 4  77 2
2 0. 01 0. 0 5 2 0 03 0. 2 0 2
3 0. 0 0 0. 0 0 2 ๐. 00 0. 00 3

FUNDAMENTAL LOADFLOW OUTPUT (PERCENT VOLTAGE. POWER)
FROM TO

BUS NAME VOLTAGE ANGLE PG QC F L QL G 5 HUNT BUS NAME P «ว TAF

1 SWING 105 . 00 0. 0 0 71 . 95 - 6 3 .  0 2 0. 0 0 0. ๐๐ 0. 0 0
2 EUS 2 71 . 75 - 6 3 .  02

2  BUS 2 105 . 27 - 0 .  20 0. 0 0 0. 00 0. GO 0. 0 0 - 1 1 0 .  ย !
1 5WING - 7 1 .  91 6 3 . 4 3
3 EUS 3 71. 71 47 . 3 6

1. 0 0 0

3  BUS 3 104 . 87 - 0 .  51 จ .  00 0. 00 0. GO 0  00 0. 0 0 -, EUS 2 - 7 1 .  91 - 4 6 .  ธ 2
4 EUS 4 .7 1 . 91 46 . ย 2

4 BUS 4 102 . 21 - 1 .  71 ๐. 0 0 o. 00 20 . o o 12. 40 อ. 0 0
3 EUS 3 - 7 1 .  00 - 4 4  16

EU5 5 51. 00 3 1 .7 6

5 DUS 5 100 . 30 - 2 .  6 0 0 . 0 0 0. 0 0 10 0 0 6. 2 0 0. 0 0
4 EUS 4 -5 0 .  54 - 2 0 .  4 0
6 EUS 6 40. 54 24 . 2 0
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6 DUS 6 98 . 8 0 —3. 3 5 0. 00 ๐ ๐ ๐ 10. 0 0 6. 2 0 0. 00
5 BUS 5 - 4 0 .  2 4 - 2 3 .  33
7 BUS 7 30 . 24 17. 13

7 BUS 7 97 . 7 0 - 3 .  9 3 0 . 00 0. 00 10. 00 6. 2 0 0. 00
6 BUS 6 - 3 0  0 7 - 1 6 .  64
8 BUS 8 2 0 . 0 7 10. 44

8 BUS 8 97 . 0 0 - 4 .  3 2 0. 00 0 . 00 2 0 . 0 0 10. 2 4 0. 00
7 BUS 7 - 2 0 .  0 0 - 1 0 .  24

TOTAL REAL POWER LOSS - 1. 95

HARMONIC LOADFLOW IT E R A T IO N  SUMMARY

ABSOLUTE REAL MISMATCH ABSOLUTE IM AGINARY Ml 5MATCH VOLTAMPERE M I 5 MATCM
WORST WORST WORST

IT E R A T IO N QUANTITY HARMONIC AVERAGE WORST DUS AVERAGE WORST BUS AVERAGE WORST BUS

NONLINEAR DEVICE PARAMETERS
B U S* 8, TYPE21 PS» PG= 0 . 0 0 , QG = 0. 0 0 , P L “  20 . 0 0 , G L* 10. 24 , DELAY* 27 . 11. F.= 2 5 . 0 0 . E * 79 . 12. COM*2 2. 31 , c  I T *  2

0 POUER 0. 00 0 . oo 2 0 . 0 0 0. 0 0 3 0. 0 0 อ . 0 0 0

CURRENT 1 10. 20 10. 20 8 ร. 8 3 5. 8 3 ธ
CURRENT 1 1 0. 12 0. 98 0 3. 6 5 18. 18 1
CURRENT 13 0 . 03 0. 26 8 3. 59 15. 38 1
CURRENT 23 0 . 04 0. 33 e 3. 9 9 23 . 00 2
CURRENT f  25 0  0 0 0 . 01 8 4. 16 25 . 00

NONLINEAR D E VIC E PARAMETERS
BUS= 8 , TYPE= PS, PG= 0. 0 0 , GG= 0. 0 0 , P L *  2 0 . 0 0 , G L* 10. 2 4 , DELAY= 22 . 13, R*2 2 5 . 00» E * 78 . 7 7 , COM* 5. 75 , C I T -  2

1 POWER 0. 01 o . 04 8 0. 01 0. 0 9 8 0 . 9 0 0. 70 ธ

CURRENT 1 0. 57 0 . 57 8 1. 12 1. 12 6
CURRENT 1 1 1 23 2 . 87 8 1. 0 0 2. 24 1
CURRENT 13 0. 59 1. 78 8 0. 7 0 2. 50 ธ
CURRENT 2 3 0. 07 0. 31 8 0. 10 0. 50 ธ
CURRENT 2 5 0. 33 1. 60 8 0. 25 0. 70 ย

NONLINEAR DEVICE PARAMETERS
EU S* 8 , TY PE* PS, PG= 0. 00» GG= 0. 0 0 , P L *  2 0 . 0 0 , Q L° 12. 16, DELAY*2 23 . 14, R = 2 5 . 0 0 , E * 7 7 . 6 8 . COM* 6. 41 , C I T -  2

2 POWER 0. 03 0. 19 8 0. 36 2 . 52 e 0. 2 5 น ิ. 25 g

CURRENT 1 0. 22 0 . 22 e 0 . 05 0 . 0 5 B
CURRENT 1 1 4. 67 9. 0 7 1 2. 97 6. 53 6
CURRENT 13 0. 8 9 2. 44 6 1. 37. 4. 3 2 7
CURRENT 2 3 1 19 3 . 79 7 น ิ. 9 7 3 . 10 8
CURRENT 25 0 21 0 . 53 8 0. 2 4 0. 9 0 ธ

NONLINEAR D E VIC E PARAMETERS
BUS= 8» TY P E * PS, PG= 0. 0 0 , QG = 0. 00 , P L -  20 . 0 0 , GL= 12. 10, DELAY*2 30 . 19, R= 2 5  0 0 . E= 72 . 8 5 , COM* 4. 72 , C IT *  2

3 POWER 0. 00 o . 01 ธ 0. 16 1. 13 8 5. 3 9 5. 3 9 ธ

CURRENT 1 2. 65 2. 65 B 1 .0 6 1. 0 6 ย
CURRENT 1 1 11. 78 2 5 . 3 3 1 6. 59 16. 6 6 3
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CURRENT 13 2. 49 7. 3 6
CURRENT 2 3 4. 2 9 12. 8 9
CURRENT 25 1. 88 5. 2 3

NONLINEAR D E VIC E PARAMETERS
BUS= 8. TY P E - PS, P G - 0 . 0 0 , GG=* 0. 0 0 , P L -  20.

4 POWER 0. 07 0. 48

CURRENT 1 0. 50 0. 50
CURRENT 1 1 7. 98 16. 45
CURRENT 13 2. 4 9 7. 30
CURRENT 23 1. 84 5. 89
CURRENT 2 5 0. 9 5 3. 55

NONLINEAR D E VICE PARAMETERS
B ช ร  = 8 , T Y P E - PS, PG = 0. 0 0 , GG- 0. 0 0 , P L -  20 .

5 POWER 0. 02 0. 16

CURRENT 1 0. 52 0. 52
CURRENT 1 1 8. 02 15. 52
CURRENT 13 1 .6 4 4. 34
CURRENT 2 3 1. 08 2 . 2 0
CURRENT 2 5 0. 48 1. 40

NONLINEAR D E VICE PARAMETERS
BUS= 8. TYPE*5 PS, PG = 0. 0 0 , GG= ๐ ๐ Ô P L — 20 .

6 POWER ( 0. 03 0. 2 0

CURRENT 1 1 10 1. 10
CURRENT 1 1 4. 51 12. 10
CURRENT 13 0. 76 2. 4 3
CURRENT 2 3 1. 04 3 . 97
CURRENT 2 5 0. 19 0. 45

NONLINEAR DEVICE PARAMETERS
B U S - 8 , TY P E - PS, PC= 0. 0 0 , GG= 0. 0 0 , P L -  20 .

7 POWER 0. 01 0 . 0 6

CURRENT 1 0. 65 0. 6 5
CURRENT 11 4. 46 13. 61
CURRENT 13 2  01 7. 9 2
CURRENT 2 3 0. 47 1. 85
CURRENT 25 0. 01 0. 0 3

NONLINEAR D E VIC E PARAMETERS
B U S - 8» TY P E - PS, PG = ๐ ๐ ๐ GG = 0. 0 0 , P L -  20 .

8 POWER 0. 0 0 0. 01

CURRENT 1 0. 13 0. 13
CURRENT 1 1 6. 1 1 17. 19
CURRENT 13 0. 06 0. 21
CURRENT 2 3 0. 59 2. 26
CURRENT 2 5 0. 01 0 . 02

20 . 00» QL=

N O N L I N E A R  D E V I C E  PAR AM ETE RS

>0 N
 N
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 ง
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CD 

CD N
 เท «0 CD

P i g  e

4. 4B 10. 7 9  ' 7
3. 39  10. 5 5  6
3. 13 B. B 1 7

12 , D E LA Y - 23 . 0 9 , R— 2 5 . 0 0 , E— 7 6 .8 8 ,  c o m -  6 . 7 7 ,  C I T -

0. 2B 1. 9 2 8 3 . 5 6  3. 56

0. 7 5 0 . 75 B
6. 6 2 18 ธ 6 1
3. 21 10. 1 1 7
2 . 3 5 6. 62 7
1. 50 3 . 57 5

7 9 , D E LAY - 26 . 6 3 , R - 2 5 . 00» E - 73 . 9 7 , COM- 7 . 2 4 ,  C IT  —

0 . 0 6 0. 3 9 B 1. 35 1. 3 5

0. 6 0 0. 6 0 8
3. 7 7 10. B7 1
3. 4B 9. 6 5 7
2. 75 8. 6 5 6
0. 67 2. 12 5

01 . D E LAY - 26 . 14, R = 2 5 . 0 0 , E= 74 . 55 , COM- 6. 97 , C I T -  1

0. 15 1. 0 3 8 CJ ■si 3 . 74 l

0. 72 0 . 7 2 8
5. 24 12. 84 7
4. 53 17. 01 7
0 . 60 1. 4 9 6
0. 09 0. 2 6 6

13, D E LAY - 26 . 3 0 , R - 2 5 . 0 0 , E— 74 . 9 0 , COM- 6. 4 9 , C I T -  ะ

0 . 1 3 0. 91 e 1 .2 4 1 .2 4 E

0. 3 6  0. 3 6  8
0. 51 1. 0 7  6
1. 0 0  3. 17 7
0. 7 2  2. 76  6
O. 0 2  O. 0 4  2

0 4 . D ELAY- 2 7 . 16 . R - 2 5 . 0 0 ,  E - 73 . 99 , COM- 6. 4 8 , C I T -  1

0 . 0 6 0. 41 B 1. 3 0  ]l.  3 0  ธ

0 . 0 3 0. 0 3 B
0. 82 3 . 0 8 7
0 . 72 2 . 77 7
0 . 0 3 0. 0 7 "  8
0 . 00 0  01 2
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BUS= อ ' TYPE» PS, PQ» ๐๐๐

G G»

๐5๐ P L »  2 0 . 00 , G L - 12. 04 . DELAY» 2 6 . 4 1 . F = 25 . 0 0 . E= 74 . 4 5 , COM» 7. 13 , C IT »

9 POWER 0. 02 0. 17 อ 0. 08 0. 50 8 0. 77 0. 77

CURRENT 1 0 . 17 0 . 17 8 0. 2 3 0. 2 3 8
CURRENT 1 1 1. 70 4. 59 7 3 . 90 11. 6 6 7
CURRENT 13 0. 0 6 0. 2 2 7 0. 01 0. 06 อ
CURRENT 23 0. 1อ 0. 69 6 0. 24 0. 91 6
CURRENT 2 5 0. 01 0. 04 8 0. 01 0 . 04 e

NONLINEAR DEVICE PARAMETERS
BUS» อ, TYPE» PS, PG= 0. 0 0 , GG» 0 . 0 0 . P L »  20 . 0 0 . GL» 12. 0 9 . DELAY» 2 7 . 19, F.» 2 5 . 0 0 . E= 7 4 . 0 5 , COH» 6. 6 6 , C IT »

10 POWER 0. 0 0 0. 0 3 B 0. 04 0. 2 7 8 0. 01 จ. 01

CURRENT 1 0 . 60 0. 6 0 8 0. 28 0. 2 8 8
CURRENT 1 1 2 . 69 7. 64 7 1. 3 5 3. 92 7
CURRENT 13 0 . 01 0. 0 7 ธ 0. 02 0. 1 1 e
CURRENT 2 3 0 . 0 3 0 . oe 6 0. 02 0. 0 7 6
CURRENT 2 5 0 . 01 0 . 0 5 B 0. 01 0. 04 8

NONLINEAR DEVICE PARAMETERS
BUS ะ= 8 , TYPE» PS, PC * 0  0 0 , GG* 0. 0 0 , P L»  20 . 0 0 , GL» 12. 0 5 . DELAY» 27 . 56 , R» 2 5 . 0 0 . E= 73 . 52 . COM» 6. 76 , C IT »

11 POWER 0. 01 0 . 0 9 8 0 . 02 0. 10 8 0 . 29 0. 2 9 t

CURRENT 1 0 . 76 0 . 7 6 8 0. 47 0. 47 8
CURRENT 1 1 3  74 11 34 6 1. 35 4 19 7
CURRENT 13 0. 01 0 . 0 0 8 0. 01 0. 0 8 0
CURRENT 2 3 0. 01 0. 0 2 8 0. 01 0. 0 2 6
CURRENT < 2 5 0. 0 0 0  0 2 .8 0. 00 0. 0 2 8

NONLINEAR DEVICE PARAMFTFRS
BUS= อ , TY P E - PS, PG - 0. 0 0 , QG = 0 . 0 0 , P L »  2 0 . 00 . GL» 1 l .  93 . DELAY» 26. 9 7 . R» 2 5 . 0 0 . E» 73 . 6 0 . CON 7. 2 7 . C IT » c

12 POWER 0. 0 0 0 . 0 0 2 0. 01 0. 07 8 0 . 07 0. 07 F

CURRENT 1 0. 2 7 0 . 2 7 c 0. 13 0. 13 8
CURRENT 1 1 2. 19 7. 34 6 1. 33 4. 6B 6
CURRENT 13 0  0 0 0. 0 3 8 0. 0 0 0. 0 0 0
CURRENT 2 3 0. 0 0 0 . 0 2 8 0. 00 0. CO e
CURRENT 2 5 0. 0 0 0. 01 B 0. 00 0. 0 2 B

NONLINEAR DEVICE PARAMETERS
BUS = อ, TYPE= PS, PC» 0 . 0 0 , Q G» 0. 0 0 , P L»  2 0 . 00 , GL» 1 1 .9 5 . DELAY» 27 . 0 5 , R = 25 . 0 0 . E= 7 3  6 5 , GOห» ■ 7. 2 3 . C IT » 1

13 POWER 0. 0 0 0. 0 0 3 0 . 0 0 0 . 0 2 8 0 . 01 0. 01 ธ

CURRENT 1 0. OB 0. 0 8 8 0  04 0. 04 8
CURRENT 1 1 0. 3 2 1 .2 8 6 1 4 1 5. 6 0 6
CURRENT 13 0  0 0 0. 01 8 0. 00 0. 01 8
CURRENT 2 3 0. 0 0 0. 01 8 0. 0 0 0. 0 0 8
CURRENT 2 5 0 . 0 0 0. 0 0 8 0. 0 0 0 . 01 8

NONLINEAR DEVICE PARAMETERS
BUS= 8» TYPE» PS. PC» 0. 0 0 , GG» 0. 0 0 , PL»' 2 0 . 0 0 , GL» 1 1 .9 5 . DELAY» 27 . 0 8 . R = 2 5 . 0 0 . E= 73 . 6 0 . COM» 7. 2 5 , C IT » 1

14 POWER 0. 0 0 0 . 0 0 2 0. 0 0 0. 01 2 0 . 00 0. 0 0 0

CURRENT 1 0. 0 3 0  0 3 8 0  01 0. 01 8
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CURRENT 11 0. 65 2. 6 0 6 0. 14 o. 58 6
. CURRENT 13 0. 00 0. 0 0 8 0. 0 0 0. 0 0 0

CURRENT 2 3 0. 00 0. 0 0 8 0. 00 0. 0 0 ธ
CURRENT 2 5 0. 00 0 . 0 0 8 0 . 0 0 0 . 0 0 8

NONLINEAR D E VIC E PARAMETERS
BUS= 8, TYPE» PS, PG * 0. 00 , QG= 0. 0 0 , P L=  2 0 . 0 0 , QL = 1 1 .9 5 , DELAY» 27 . 0 7 , F.» 25 . 0 0 . E= 73 . 6 0 . COM* 7. 2 6 , c  IT »

15 POWER 0. 0 0 0. 0 0 7 0. 0 0 0. 0 0 8 0 . 00 0. 0 0

CURRENT 1 0. 00 0. 0 0 8 0. 0 0 0. 00 8
CURRENT 1 1 0. 04 0. 15 6 0. 12 0. 4 7 6
CURRENT 13 0. 00 0. 0 0 8 0 . 0 0 0. 0 0 8
CURRENT 23 0. 00 0. 0 0 8 0. 00 0. 0 0 e
CURRENT 2 5 0. 00 0. 0 0 8 0. 0 0 0 . 0 0 8

NONLINEAR DEVICE PARAMETERS
BUS» 8, TYPE» PS, PG= 0 . 0 0 . QG» 0 . 0 0 . P L »  2 0 . 0 0 . QL» 11. 74 . DELAY» 2 7 . 0 5 . R» 25 . 0 0 . E= 7 3  6 1 . COM» 7. 2 6 , C IT *

16 POWER 0. 00 0 . 01 2 0. 0 0 0 . 0 0 3 0. 00 0. 0 0

CURRENT 1 0. 01 0. 01 8 0. 0 0 0. 0 0 8
CURRENT 11 0. 0 0 0 . 01 6 0. 0 0 0. 0 0 6
CURRENT 13 0. 0 0 0. 0 0 8 0. 0 0 0. 0 0 6
CURRENT 2 3 0. 0 0 0 . 0 0 8 0. 00 o . 0 0 8
CURRENT 25 o. 00 0 . 0 0 8 0. 00 0. 0 0 8

NONLINEAR DEVICE PARAMETERS
BUS» 8, TYPE» PS. p c  = 0. 0 0 , Q G* 0. 0 0 . P L»  2 0 . 0 0 . GL» 11. 74 . DELAY» 2 7 . 05 . R = 25. 0 0 . E= 73 . 6 1 . COM» 7. 2 6 , C IT »

17 POWER 0. 00 0. 0 0 7 0. 0 0 0. 01 2 0 . 0 0 0. 0 0

CURRENT 1 0. 00 0 . 0 0 8 0. 0 0 0. 0 0 8
CURRENT 1 1 0. 00 0. 0 0 8 0. 0 0 0. 0 0 8
CURRENT 13 0. 00 0. 0 0 B 0. 0 0 0. 0 0 8
CURRENT 2 3 0. 00 0. 0 0 8 0. 0 0 0. 0 0 8
CURRENT 2 5 0. 00 0. 0 0 8 0. 0 0 0. 0 0 8

FUNDAM ENTAL LOADFLOW O UTPUT (P E R C E N T VO LTAG E, PO W ER)
FROM TO

BUS NAME VO LTAG E ANGLE PG QG P L QL Q SHUNT BU5 NAME P Q TAP

1 SW ING 1 0 5 . 0 0 0 . 0 0 7 2 . 0 3 - 6 0 .  7 3 0. 0 0 0. 0 0 0 . 0 0
2 EUS 2 7 2 . 0 3 - 6 0 .  7 3

2 BUS 2 10 5 . 2 6 - 0 .  2 0 0 . 0 0 0 . o o 0 . 0 0 0. 0 0 - 1  10 . 7 7
1 SW ING - 7 1 .  7 7 6 1 . 3 3
3 EU S 3 7 1 . 7 7 4 7 . 4 6

1 . 0 0 0

3 BUS 3 10 4 . 8 7 - 0 .  51 0. 0 0 0 . 0 0 0. GO 0. 0 0 0 . 0 0
EU S 2 - 7 1 .  7 7 - 4 8 .  ธ ร

4 EUS 4 7 1 . 7 7 4 8 . ธ ร

4 BUS 4 1 0 2 . 10 - 1 .  7 0 0 . 0 0 0 . 0 0 2 0 . 0 0 12. 4 0 ๐ o ๐

3  EUS 3  - 7 1 .  0 6  - 4 6 .  15
5 EUS ร 51 . 0 6  3 3 . 7 5
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5 DUS 5 100 . 12 “ 2. 5B 0. 0 0 0 . 0 0 10. 0 0 6. 20 0. 00
4 EUS 4 - 5 0 .  57 - 3 2 .  33
6 EUS 6 4 0 . 57 26 . 13

6 BUS 6 90 . 53 - 3 .  31 0. 0 0 0. 0 0 10. 0 0 6. 2 0 0 . 0 0
5 EUS 5 - 4 0 .  2 6 - 2 5 .  21
7 EUS 7 3 0 . 2 6 19. 01

7 BUS 7 97 . 3 5 - 3 .  00 0. 0 0 0 . 0 0 10. 0 0 6. 20 0 . 0 0
6 EUS 6 - 3 0 .  OS - 1 0 .  50
ธ EUS 8 2 0 . 0 5 12. 3 0

0 BUS 0 96 . 57 - 4 .  2 7 0. 0 0 0. 0 0 20 . 01 12. 00 0. 0 0
7 EUS 7 - 2 0 .  0 0 - 1 2 . OS

REAL POWER LOSS FOR T H IS  HARMONIC = 2 . 0 2

HARMONIC LOADFLOW OUTPUT FOR HARMONIC NUMBER 1 1 . FREQUENCY *= 3 5 0  HZ. (PERCENT VOLTAGE/ CURRENT,' FOWER)

BUS NAME MAGNITUDE ANGLE BUS NAME P Q MAGNITUDE ANGLE TAP

1 SWING 0 . 5 0 9 3 65 . 15
2 BUS 2 0 . 0 0 0 0 0 0 - 0 .0 4 7 1 5 2 9. 2 5 9 1 0 3 155 . 15

NEUT Z SHUNT 0 . 0 0 0 0 0 0 0 .0 4 7 1 5 2 9 . 2 5 9 0 9 7 - 2 4 .  8 5

2 BUS 2 1. 0 1 8 3 64 . 8 9
1 SWING 0 .0 0 0 4 2 9 0 .0 9 4 3 0 4 9 . 2 5 9 1 0 3 - 2 4 .  8 5

1! 3 BUS 3 - 0 .0 0 0 4 2 9 0 .0 1 9 8 0 6 1 .9 4 5 0 7 2 - 2 6 .  3 5
1 .0 0 0

NEUT Q SHUNT 0 .0 0 0 0 0 0 - 0 .1 1 4 1 1 0 1 1 .2 0 3 6 3 3 154 . 8 9

3 BUS 3 0. 8 4 0 3 65 . 15
2 EUS 2 0 .0 0 0 4 2 9 - 0 .  0 1 6 3 4 0 1 .9 4 5 0 7 2 153 . 6 5
4 BUS 4 - 0 .0 0 0 4 2 9 0. 0 1 6 3 4 0 1 .9 4 5 0 7 4 - 2 6 .  3 5

4 BUS 4 0. 0 5 0 2 168 . 96
3 BUS 3 0 .0 0 0 9 4 2 0 .0 0 0 2 5 8 1. 9 4 5 6 2 0 153 . 6 5
5 BUS 5 - 0 .  0 0 0 9 4 2 - 0 .0 0 0 2 5 8 1 .9 4 5 6 2 0 - 2 6 .  3 5

5 BUS 5 0. 0 6 9 8 - l a i . a s
-} BUS 4 0 .0 0 1 4 5 4 0. 0 1 6 8 5 4 1 .9 4 5 0 4 0 153 . 6 5
6 BUS 6 - 0 .0 0 1 4 5 4 - 0  0 1 6 8 5 4 1. 94  50 3 9 - 2 6 .  3 5

6 BUS 6 1. 7 2 2 3 - 1 1 9 .  72
5 EUS 5 0 .0 0 1 9 6 7 0. 0 3 3 4 1 2 1 .9 4 3 3 3 2 153 . 6 5
7 DUS 7 - 0 .0 0 1 9 6 7 - 0 .0 3 3 4 1 2 1 .9 4 3 3 3 5 - 2 6 .  3 5

7 BUS 7 2 . 5 7 4 3 - 1 1 9 .  19
6 BU5 6 0 .0 0 2 4 7 8 0. 0 4 9 8 9 2 1 .9 4 0 5 0 3 1 53 . 6 6
B EUS 0 - 0 .0 0 2 4 7 8 - 0 .0 4 9 8 9 2 1 9 4 0 5 0 5 - 2 6 .  34

8 DUS 8 3. 4 2 4 9 - 1 1 0 . 9 2
7 BUS 7 0 .0 0 2 9 8 7 0 .0 6 6 2 5 7 1. 9 3 6 5 5 0 153 . 6 6

NEUT N O N LIN  DEV. - 0 .0 0 2 9 9 2 - 0 .  0 6 6 2 5 9 1 .9 3 6 6 1 2 - 2 6 .  3 3

REAL POWER LOSS FOR T H IS  HARMONIC « o. 0 0
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HARMONIC LÜADFLOW OUTPUT FOR HARMONIC NUMBER 13 , FREQUENCY ■= 6 3 0  HZ. (PERCENT VOLTAGE, CURRENT, POWER)

BUS NAME MAGNITUDE ANGLE BUS NAME p Q MAGNITUDE ANGLE TAP

1 SWING 0. 1 1 6 3 - 3 .  50
2 BUS 2 0 .0 0 0 0 0 0 - 0 .0 0 2 0 8 0 1 .7 0 9 0 4 8 86 . 50

NEUT Z 5HUNT 0 .0 0 0 0 0 0  . 0. 0 0 2 0 0 0 1 .7 8 9 0 4 8 - 9 3 .  50

2 BUS 2 0. 2 3 2 6 - 3 .  72
1 SWING 0 .0 0 0 0 1 6 0 .0 0 4 1 6 1 1 .7 8 9 0 4 6 - 9 3 .  50
3 BUS 3 - 0 .0 0 0 0 1 6 0 .0 0 2 8 7 1 1 .2 3 4 4 9 7 - 9 4 .  04

1. 0 0 0
NEUT Q SHUNT 0 .0 0 0 0 0 0 - 0 .0 0 7 0 3 2 3. 0 2 3 5 1 6 86 . 2 8

3 BUS 3 0. 0 9 8 ? - 3 .  2 ?
2 ธ บ ร  2 0 .0 0 0 0 1 6 - 0 .0 0 1 2 2 1 1 .2 3 4 4 9 7 65 . 9 6
4 BUS 4 - 0 .0 0 0 0 1 6 0 .0 0 1 2 2 1 1. 2 3 4 4 9 8 - 9 4 .  0 4

4 BUS 4 0. 5 4 1 3 174 . 0 5
3 BUS 3 0 .0 0 0 2 2 3 0 .0 0 6 6 7 7 1. 2 3 4 1 5 3 85 . 9 6
5 BUS 5 - 0 .0 0 0 2 2 3 - 0 .  0 0 6 6 7 7 1. 2 3 4 1 5 4 - 9 4 .  0 4

5 BUS 5 1. 1 8 1 0 174 . 2 7
4 BUS 4 0 .0 0 0 4 2 9 0 .0 1 4 5 5 3 1 .2 3 2 8 1 1 5 5 . 9 6
6 EUS 6 - 0 .0 0 0 4 2 9 - 0 .0 1 4 5 5 3 1 .2 3 2 5 1 1 - 9 4 . 0 4

6 BUS 6 1. 0 1 9 7 1 7 4 .3 4
5 ธ บ ร  5 0 .0 0 0 6 3 4 0. 0 2 2 3 8 2 1 .2 3 0 4 7 2 8 5 . 9 7

< 7 BUS 7 - 0 .0 0 0 6 3 4 - 0 .0 2 2 3 0 2 1. 2 3 0 4 7 3 - 9 4 .  0 3

7 BUS 7 2. 4 5 6 9 1 7 4 .3 7
6 EUS 6 o . 0 0 0 8 3 9 0 .0 3 0 1 3 8 1 .2 2 7 1 3 7 อ 5 . 9 7
0 BUS 0 - 0 .0 0 0 6 3 9 - 0  0 3 0 1 3 8 1 .2 2 7 1 4 2 - 9 4 .  0 3

ธ BUS 8 3. 0 9 2 2 174 . 4 0
7 BUS 7 0 .0 0 1 0 4 3 0 .0 3 7 7 9 7 1 .2 2 2 8 1 5 65 . 9 8

NEUT N O N LIN  DEV. - 0 . 0 0 1 0 4 8 - 0 .  0 3 7 0 0 1 1 .2 2 2 9 3 9 - 9 4 .  0 2

REAL POWER LOSS FOR T H IS  HARMONIC *= 0 . 0 0

HARMONIC LOADFLOW OUTPUT FOR HARMONIC NUMBER 2 3 .  FREQUENCY -  1 1 5 0  HZ. (P E R C E N T  V O LTA G E , CURREN T, FOW ER)
BUS NAME M AG NITU DE ANCLE BUS NAME P Q M AG NITU DE ANGLE TAP

1 SWING 0 . 0 1 6 2 1. 0 ?
2 BUS 2 0 .0 0 0 0 0 0 - 0 . 0 0 0 0 2 3 0 . 1 4 1 0 9 2 9 1 . 8 ?

N EUT z SHUNT 0 .0 0 0 0 0 0 0 . 0 0 0 0 2 3 0  1 4 1 0 9 2 - 8 8 .  11

2 BUS 2 0  0 3 2 5 1. 7 6
1 SW IN G 0 .0 0 0 0 0 0 0 .0 0 0 0 4 6 0. 1 4 1 0 9 2 - 8 8 .  1 1
3 ข บ ร  3 0 . 0 0 0 0 0 0 0 .0 0 0 1 9 6 0 .6 0 5 2 8 6 - 6 0 .  2 7

1. 0 0 0
N EUT Q SHUNT 0 . 0 0 0 0 0 0 - 0 . 0 0 0 2 4 2 0 . 7 4 6 3 7 8 9 1 . 7 6

3  BUS 3  0 . 0 0 3 5  - 1 7 8 . 2 0
0 . 6 0 5 2 8 6  7 1 . 7 3
o . 6 0 5 2 0 6  —6 0 . 2 7

2  EU S 2  
4 BUS 4

o.  0 0 0 0 0 0  

0 . 000000
o . 0 0 0 5 0 6  

- 0 .  0 0 0 5 0 6
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P a g e 7

4 BUS 4 0 . 6 3 8 5  - 1 7 9 .  0 0
3 BUS 3 0 .0 0 0 0 5 0 0 .0 0 3 8 5 0 0 .6 0 4 2 9 0 91 . 73
5 BUS 5 - 0 .0 0 0 0 5 0 - 0 .0 0 3 0 5 8 0 .6 0 4 2 9 0 - 8 8 .  2 7

5 BUS 5 1. 1 9 1 9  - 1 7 9 .  0 5
4 BUS 4 0 .0 0 0 0 9 9 0 .0 0 7 1 7 2 0 .6 0 1 7 6 4 9 1 . 74
6 BUS 6 - 0 .0 0 0 0 9 9 - 0  0 0 7 1 7 2 0 .6 0 1 7 6 3 - 8 8 .  2 6

6 BUS 6 1. 7 4 2 3  - 1 7 9 .  0 7
5 BU5 5 ช. 0 0 0 1 4 8 0 .0 1 0 4 1 3 0 .5 9 7 7 1 5 9 1 . 7 4
7 BU5 7 “ 0 .0 0 0 1 4 8 - 0 .  0 1 0 4 1 3 0 .5 9 7 7 1 4 - 8 8 .  2 6

7 BUS 7 2. 2 8 B 2  - 1 7 9 .  0 0
6 BU5 6 0 .0 0 0 1 9 6 0. 0 1 3 5 4 9 0 .5 9 2 1 5 3 91 . 7 5
8 BUS 8 - 0 .0 0 0 1 9 6 - 0 .  0 1 3 5 4 8 0. 5 9 2 1 5 0 - 8 8 .  2 5

8 BUS B 2 . 8 2 8 4  - 1 7 9 .  0 8
7 BUS 7 0 .0 0 0 2 4 3 0 .0 1 6 5 4 7 0. 5 8 5 0 9 0 9 1 . 7 6

NEUT NO NLIN  DEV. - 0 .  0 0 0 2 4 4 - 0 .0 1 6 5 4 6 0 .5 8 5 0 5 2 - 8 8 .  24

REAL POWER LOSS FOR T H IS  HARMONIC = 0 . 0 0

HARMONIC LOADFLOW OUTPUT FOR HARMONIC NUMBER 2 5 ,  FREQUENCY “  1 2 5 0  HZ. (PERCENT VOLTAGE, CURRENT , POWER)

BUS NAME MAGNITUDE ANGLE BUS NAME P Q MAGNITUDE ANCLE TAP

1 SWING 0. 0 1 2 4  - 6 7 .  2 2
2 BUS 2 0. 0 0 0 0 0 0 - 0 .  0 0 0 0 1 2 0. 0 9 9 0 2 7 22 . 78

NEUT z SHUNT 0. 0 0 0 0 0 0 0 .0 0 0 0 1 2 0 .0 9 9 0 2 7 - 1 5 7 .  2 2

2 BUS 2 0. 0 2 4 8  - 6 7 .  3 3
1 EWING 0 .0 0 0 0 0 0 0. 0 0 0 0 2 5 0 .0 9 9 0 2 7 - 1 5 7 .  2 2
3 BUS 3 0 .0 0 0 0 0 0 0  0 0 0 1 2 9 0. 5 1 9 8 9 5 — 1 “ 7. 3 6

1. 0 0 0
NEUT Q SHUNT 0 .0 0 0 0 0 0 - 0 .0 0 0 1 5 3 0 .6 1 8 9 2 2 2 2 . 67

3 BUS 3 0 .0 8 3 5  1 1 2 .6 4
2 BUS 2 0 .0 0 0 0 0 0 0. 0 0 0 4 3 4 0. 5 1 9 8 9 5 22 . 64
4 BUS 4 0 . 0 0 0 0 0 0 - 0 .0 0 0 4 3 4 0 .5 1 9 8 9 5 - 1 5 7 .  3 6

4 BUS 4 0 . 6 0 1 6  111 . 97
3 BUS 3 0  0 0 0 0 3 7 0. 0 0 3 1 2 1 O. 5 1 8 8 6 7 2 2 . 645 BUS 5 - 0 .0 0 0 0 3 7 - 0 .0 0 3 1 2 1 0 .5 1 8 8 6 7 - 1 5 7 .  3 6

5 BUS 5 1. 1 le o  1 1 1. 92 4 BUS 4 0 .0 0 0 0 7 3 0 .0 0 5 7 7 1 0. 5 1 6 2 6 8 2 2 . 65
6 BUS 6 - 0 .0 0 0 0 7 3 - 0 .0 0 5 7 7 1 0. 5 1 6 2 8 8 - 1 5 7 .  3 5

6 BUS 6 1 .6 3 0 9  1 1 1 .9 1
5 BUS 5 0 .0 0 0 1 0 9 0. 0 0 8 3 5 2 0 .5 1 2 1 6 5 22 . 65
7 BUS 7 - 0 .0 0 0 1 0 9 - 0 .  0 0 8 3 5 2 0 .5 1 2 1 6 6 - 1 5 7 .  35

7 BUS 7 2. 1391 111 . 90
6 BUS 6 0 .0 0 0 1 4 4 0 .0 1 0 8 3 4 0 .5 0 6 5 1 1 22 . 66
0 BUS 8 - 0 .0 0 0 1 4 4 - 0 .0 1 0 8 3 4 0 .5 0 6 5 1 1 - 1 5 7 .  34

ร  B U S  B 2 .  6 4 0 8  1 1 1 .  9 0

155



P a n e 10

7 DUS 7
NEUT N O N LIN  DEV.

0. 0 0 0 1 7 8  o. 0 1 3 1 0 5
- 0 .  0 0 0 1 7 6  - o .  0 1 3 1 0 3

o. 4 7 7 3 4 3  22 . 67
0 .4 7 7 2 4 4  - 1 5 7 . 3 4

REAL POWER LOSS FOR T H IS  HARMONIC *= 0 . 0 0

TOTAL REAL POWER LOSS 2. 0 3

TOTAL CURRENT/POWER SUMMARY (PERCENT VALUES)

C U R R E N T ----------------------------------  ------------------------------------POWER
FROM TO FUND RMS PEAK HARMONIC

DUS NAME DUS NAME VALUE VALUE VALUE D IS T O R TIO N p Q D 5

1 SWING 2 DUS 2 8 7 . 8 5 7 0 . 34 77 . 38 10. 44 72 . 03 - 6 0 .  78 7. 61 74 . 0 6

2 DUS 2 1 SWING 8 7 . 8 5 70 . 34 77 . 3 0 1 0. 44 - 7 1 .  77 6 1 . 43 7. 3 5 7 5  0 7
2 DUS 2 3 DUS 3 8 2  7 8 83 . 02. 82 . 20 2. 74 71 . 77 47  48 2. 2 6 87 . 35
2 DUS 2 NEUT Q SHUNT 103 . 2 6 105 . 7 0 116 . 64 11 0 0 0. 0 0 - 1 1 0  71 1 1 .1 6 1 11. 47

3 DUS 3 2 BUS 2 8 2 . 7 0 0 3 . 0 2 02 . 2 0 2. 74 - 7 1 .  7 7 - 4 8 .  70 2. 34 07  0 6
3 DUS 3 4 BUS 4 8 2 . 7 8 83 . 02 82 . 20 2 . 74 71. 77 * e .  70 2. 34 07 . 06

4 DUS 4 3 DUS 3 0 2 . 7 7 03 . 0 2 8 2 . 21 2. 74 - 7 1 .  0 6 - 4 6 .  14 2. 8 7 04 . 77
4 DUS 4 5 BUS 5 37 . 7 5 60 . 0 0 57 . 16 4. 0 6 51. 06 3 3 . 73 2. 77 61 . 2 6

5 DUS 5 4 BUS 4 57 . 7 5 60 . 0 0 57. 17 4. 06 - 5 0 .  57 - 3 2 .  28 3. 2 8 60 . 07
5 DUS 5 6 DUS 6 4 8  2 0 48  2 6 47 . 57 5. 05 40 . 57 26 . 08 3. 0 7 48  33

6 DUS 6 5 BUS 5 4 8 . 21 48 . 2 7 47 . 50 5. 04 - 4 0 .  2 6 - 2 5 .  14 3 . 54 47 . 57
6 DUS 6 7 DU5 7 3 6 . 2 7 3 6 . 3 5 35 . 80 6. 6 7 30 . 26 18. 74 3. 21 35 . 04

7 DUS 7 6 BUS 6 3 6 . 2 8 36 . 3 6 35 . 87 6. 6 7 - 3 0 .  00 - 1 8 .  40 3. 55 3 5  44
7 DUS 7 8 BUS 8 2 4 . 17 24 . 31 24 . 07 7. 77 20 . 0 0 12. 20 3. 10 23 . 70

8 DUS 8 7 DUS 7 2 4 . 2 0 24 . 3 2 24 . 07 7. 74 - 2 0 .  0 0 - 1 1 .  74 3. 31 2 3  53
0 DUS 8 NEUT NO NLIN DEV. 2 4 . 2 0 2 4 . 32 24 . 07 7. 74 20 . 00 1 1 .7 4 3. 31 23 . 53

DUS VOLTAGE SUMMARY (FERCENT VALUES)

FUNDAMENTAL RMS PEAK HARMONIC
BUS NAME VALUE VALUE VALUE D IS T O R T Io r

1 SWING 105 0 0 105 . 0 0 105. 0 3 0. 50
2 DUS 2 105. 26 105 . 2 6 105  54 0. 97
3 BUS 3 104. 87 104 . 8 7 104 74 0. 81
4 DUS 4 102 . 10 102 . 10 102 . 2 0 1 01
5 DUS 5 100. 12 100 . 14 100 . 73 2. 17
6 DUS 6 98. 53 7B. 5 9 100 . 13 . 3. 51
7 DUS 7 7 7  35 77 . 4 7 7 7  76 4. 06
8 B U S อ 96 . 57 7 6  76 77 . 83 6. 2 2

END OF RUN 
* # * *  STOP

OK, COMO -E
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โปรนกรมรเกราะฟการไหล!องกำฝังไฟฟาฮTfมอบก 
ฟเกํดจากเฬ่องนปลงฝัน

HARMONIC POWER FLOW PROGRAM *** HARMONIC ***
MAIN PROGRAM

c

COMPLEX YBUS, CMPZERO, CMPONELOGICAL PATHBTS, CODE31 CODE4, CODES, CODE6, CODE7,1TRUE, FALSE, TERMINAL, CSWING, CONV, ZOURCE, GPATH CHARACTER * 2 SUBNAME CHARACTER * 12 BUSNAME, BTEMPN CHARACTER * 80 TITLE, COMMENT COMMON /COMP/ YBUS(2 0 ,2 0 ,9 ), CMPZERO, CMPONE COMMON /REAL/ AJAC(36s7366), GR(20,9), G I(20,9), FFMAG(2,9 ) ,1FFANG(2 ,9 ), PL(2 0 )I QL(20) , ร (20)7 PG(20), QG(20), V(20),2SRCBL(20), RC0NV(20), FC0NV(20), ECONV(20), DELAY(20)7 RTRCON(20), 3XTRC0N(20), COM(20), R1(50), XI(50), G1(50), B1(50)! G0(50)7 4B0(SO) 1 RO(5 0 )1 xo(50), TAP(50) PSHIFT(9 ), GRTEMP0(9),5GITEMP0O), HMAG(9), HANG(9)7 X(366)7 Y(366), DELTAX(366),
6DELTAY(365), TOLE, COMTOLE, F2T0LE, DEPART, Pl7 R30, R60, R90, 
7R120, R360 1 DR, AK1 , AK2 7~AK37 PI 7 P27 EDUM1, EDUM2, EDUM3,8SIN30, COS30, EP3, EP4, EP6, EP9, ER, HFUND, HRMS, HDF,9HPEAK ACCELCOMMON /CHAR/ BUSNAME(20), SUBNAME(6 ), BTEMPN COMMON /INIG/ LINES(2 ,5 0 ), KTRTYPE(50), KSHAR(50),1NBTYPE(20)1 NBSUBT(20), NBEXT(20)7 KRENUM(20), KTRCON(20),2KSHTYPE(20), NBSHFT(20), NHVECT(é), NPHSEQ(9), NBINT(100),3MHVECT(49), I0PT(14), NOERR, NOERMAX, MAXNB , MAXLINE,4MAXHAR, MBHUSE, NB, NLIN7 NNLIN7 NNL1, NNL2, NLINES, NPVLIN, 5NPQLIN , NOHAR, NHIGH, ITERCOM, MAXAJAC, MAXHMP7 NTYPES, NSUBS, 6MXFITER, MXHITER, NTRMAX7 ISDUM1, ISDUM2, NSHMAX COMMON /LOGI/ PATHBTS(20), C0DE3, CODE47 CODES , CODES, C0DE7 ,1TRUE, FALSE, TERMINAL, CSWING, CONV, ZOURCE, GPATH
OPEN (5, FILE= 'DATA.TXT’ , STATUSr ’OLD’ ) CMPZERO ะ CMPLX(0.0 ,0 .0 )CMPONE ะ CMPLX(1 .0 ,0 .0 )PI = 3.1415927DR ะ 180.0 /  PIR30 ะ PI /  6.0R60 = PI /  3.0R90 = PI /  2.0R120 = 27o * PI /  3.0R360 = 2.0 * PICOS30 = COS(R30)SIN30 ะ SIN(R30)TRUE = 7TRUE7FALSE = .FALSE.TERMINAL = ; false!CODE3 = .FALSE.CODE4 = ! false!CODE5 = .FALSE.CODE6 = .FALSE.C0DE7 = . false!CSWING = .FALSE.ZOURCE = . false!GPATH = ! false!NOERR = 0 NOERMAX ะ 20 MXFITER = 20 NTYPES = 3 NSUBS r 7 NTRMAX = 9 MXHITER ะ 30 NSHMAX = 2 EP4 = 1.0E-04EP6 = 1.0E-06EP3 = 1.0E-03EP9 = i !6e- 09 SUBNAME(1) ะ ’รพ’SUBNAME(2) = ’PV’SUBNAME(3) = ’PQ’
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c

c

c

SUBNAME( 4 ) _ »P S ’
SUBNAME( 5 ) r • P A ’
SUBNAME( 6 ) -  *E A ’
MAXNB = 20
M AXL INE  ร 50
MAXHAR = 9
MAXAJAC = 366
MBHUSE ะ 100
MAXHMP ะ 49
TOLE ะ EP4
COMTOLE ะ EP4
F2T 0 LE  = EP4
DEPART = EP3

DO 11 L - 1 1MAXNB
KTRCON (L ) r 0
K S H T Y P E (L ) r 0
P A T H B T S (L ) r FALSE
CO M (L ) = 0 . 0
D E L A Y (L ) = 0 . 0
RCONV(L ) = o:o

11 ECO NV (L ) r o:o
DO 12 L = 1 , MAXLINE
KTRTYPE(L) = 0

12  K S H A R (L )  ะ 0

DO 13 L r 1 1MAXHAR
DO 13 L1 - 1 , MAXNB
G R ( L 1 1L ) = 0.0
G I ( L 1 , L ) ะ o!o
DO 13 L2 = 1 , MAXNB

13 Y B U S ( l T 7 L 2 , L )  = CMPZERO
DO 14 L1 = 1 .MAXAJAC
DO 14 L2 r 1 .MAXAJAC

14 A J A C ( L 1 7 l 2 ) = 0.0
DO 15 L = 1 .MBHUSE

15 N B I N T ( L ) = 0
DO 16 L r 1 .MAXHMP

16 MHVECT (L ) ะ 0
DO 17 L = 1 , 1 4

17 I O P T ( L ) ะ 0
WRITE ( * , 3 0 )

3 0  F O R M A T ( / / , 2 X , ‘ HARMONIC POWER FLOW PROGRAM
2 'WATSON CHANSAJCHA PROGRAMMER• 1/ , 2 X 1
3 'A S S T .  PROF. PRAS IT  P ITTAYAPAT  ADV ISOR ' , / / / , 2 X ,
4 'ENERGY SYSTEM RESEARCH LABORATORY • 1 / , 2 X ,
5 ’ ELEC TR IC AL  ENGINEERING DEPARTMENT • 1 / , 2 X ,
ธ ’ CHULALONGKORN U N IV E R S IT Y 7 )

WRITE ( * , 3 2 )
1 READ ( 5 , 1 0 0 0 ) ICODE  

ISDUM1 ะ ICODE
IF ( I C O D E  7lT. 1 .OR . ICODE .G T .  8 )G 0  TO 2 0 0 0  
G O T O  ( 1 0 0 , 2 0 0 , 3 0 0 , 4 0 0 , 5 0 0 , 6 0 0 , 7 0 0 , 8 0 0 ) ,  ICODE  

2 0 0 0  CALL E R R O R ( I )

1 0 0  READ ( 5 , 1 0 0 2 ) T I T L E  
WRITE ( * , 1 0 0 6 ) T I T L E

2 0 0  READ ( 5 , 1 0 0 2 ) COMMENT 
WRITE ( * , 1 0 0 6 ) COMMENT 
WRITE ( * , 3 2 )

3 0 0  I F ( C 0 D E 3 ) CALL ERR0R (5 )
C0DE3 = TRUE 
CALL LBUSDATA  
CALL ORDER

400  I F ( . NOT. C 0D E3 )C ALL  ERROR(22 )
I F (C O O E 4 ) CALL ERR0R (6 )
CODE4 = TRUE 
CALL L INEDATA

5 0 0  READ ( 5 , 1 0 0 4 ) ( I O P T ( I ) , 1  = 1 , 1 4 )
WRITE ( * , 3 2 )
CALL PGHEAD( 4 )
WRITE ( * 7 l 0 0 8 ) ( J , J  = 1 , 1 4 ) , IOPT  
I F ( . NOT . C 0D E 4 ) CALL ERROR( 4 7 )
I F  (N N L IN  7 e Q. 0 )  GO TO 502  
LM IN  = N L IN  + 1 
DO 501 L = LM IN .N B  
I F  (K TR C O N (L )  .NE7 0 )  GO TO 501  
ISDUM1 = N B E X T (L )

( 1 9 8 8 )  ’ ,
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CALL ERROR( 1 9 )
501 CONTINUE
502  ISDUM1 = 2 *  NB

I F  (MAXAJAC . L T .  I 3D U M 1 ) CALL ERROR (49 )
I F  ( .N O T .  TERM INAL ) GO TO 510  
WRITE ( * , 1 0 1 0 )
STOP

51 0  CALL HARBUILD  
CALL Y 8U ILD  
CALL HARSTART( 0 )
C A LL=PGHEAD( 7 )
CALL CONVERGE( 1 , K I T )
I F ( I O P T ( 4 ) .G T .  0 )M X F IT E R  = I 0 P T ( 4 )
DO 5 2 0  K IT  = 1 1MXFITER  
CALL J A B U I L D ( 1 )
CALL REDUCE?1 , K I T )
CALL CONVERGE( 1 T k I T )
I F (C O N V )  GO TO 530  

520  CONTINUEr - f l l  I p p p n p  f  ช ุ?  \
5 3 0  I F ( I 0 P T ( 5 )  .EQ .  0 )  CALL O U T P U T d )

I F ( I O P T ( 1 )  ! n e ! 0 )G 0  t o  1 
I F ( N N L I N  .EQ . 0 )C A L L  ERROR (43 )
ISDUM1 = 2 *  (NB *  NOHAR + N N L IN )
IF (M A X A JA C  . L T .  ISD U M 1 )C A LL  ER R 0R (5 5 )
I F ( I O P T ( 2 )  .EQ .  0 .OR . I 0 P T ( 2 )  . EQ? 1 )G 0  TO 535  
I F ( N O T .  ZOURCE I AND. NOHAR 7gT .  1 )C A L L  ERRO R (53 )

535  I F ( . NOT. GPATH)CALL ERROR(84 )
I F ( . N O T .  TERM INAL)GO TO 550  
WRITE ( * , 1 0 1 0 )

5 5 0  ACCEL = 1 . 0  + F LO AT ( I O P T ( 1 0 ) )  /  1 0 . 0  
I F ( ACCEL .G T .  1? 5 )AC C EL  = 1 . 5
I F  (ACCEL ; น .  0 . 5 )  ACCEL = 0 ^ 5  
MIN = N L IN  + 1
I F ( I O P T ( 1 3 )  .EQ .  0  .OR . NOHAR .E Q .  1 )G 0  TO 565  
DO 551 M ริ M IN ,N B

551 CALL L O A D I ( M7 1 , 0 )
CALL HARSTART( 1 )

5 6 5  K I T  ะ 0
CALL PGHEAD( 8 )
KFUND = 2
I F ( IO P T ( 1 4 )  .N E .  0 ) KFUND = 1 
WRITE ( * , 1 0 1 4 )
DO 566  M = M IN ,N B  
CALL L O A D I ( m 7 k FU N D ,1 )
AANG = DELAY(M) *  DR 
CANG = COM(M) *  DR
IF (N B T Y P E (M )  . LE? 2 ) W R IT E ( * , 1 0 1 2 )N B E X T (M ) .S U B N A M E (N B S U B T (M ) ) ,PG (M )  

1 , Q G ( M ) , P L ( M ) , Q L ( M ) , AANG, RCONV (M ) ,ECONV (M ) ,CANG , ITERCO M  
I F (N B T Y P E (M )  .EQ .  3 ) W R IT E ( * , 1 0 1 8 )N B E X T ( M ) , SUBNAM E (NBSUBT (M )) ,PG (M )  

1 ,Q G ( M ) ,P L ( M ) ,Q L ( M )
566  CONTINUE  

WRITE ( * , 1 0 1 6 )
CALL CONVERGE( 2 , K I T )
IF (T E R M IN A L )G O  TO 580
I F ( I O P T ( 6 )  .G T .  0 )M XH ITER  = I 0 P T ( 6 )
DO 57 0  K I T  ะ 1 .MXHITER  
CALL J A B U IL D ( 2 )
CALL LOADPAR?KFUND)
CALL REDUCE( 2 , K I T )
WRITE ( * , 1 0 1 4 )
DO 571 M = M IN .N B  
CALL LOAD I(M?  KFUND, 1 )
AANG = DELAY(M ) *  DR 
CANG = COM(M) *  DR
IF (N B T Y P E (M) . L E .  2 ) W R IT E ( * , 1 0 1 2 )N B E X T (M ) .S U B N A M E (N B S U B T (M ) ) ,PG (M )  

1 ,Q G ( M ) , P L ( M ) , Q L ( M ) , AANG, RCONV( M ) , E C O N V (M ) , CANG, ITERCOM  
I F (N B T Y P E (M )  .EQ . 3 )W R IT E ( * , 1 0 1 8 )N B E X T (M ) .S U B N A M E (N B S U B T (M ) ) ,PG (M )  

1 ,Q G ( M ) ,P L ( M ) ,Q L ( M )
571 CONTINUE  

WRITE ( * , 1 0 1 6 )
CALL C 0 N V E R G E (2 ,K IT )
I F  (CONV .OR. TERM INADG O  TO 5 8 0  
CALL PQMOD(KFUND)

5 7 0  CONTINUE
CALL ERROR(4 4 )

5 8 0  ?  2 )G 0  TO 572
ANG = DELAY(M ) + COM(M)
ISDUM1 = NBEXT(M)
EDUM1 ะ ANG *  DR
EDUM2 = R120  *  DR
IF (N B T Y P E (M )  . EQ? 1 .AND .  ANG .G T .  R 1 2 0 )C A L L  ERROR(58 )
EDUM2 = P I  *  DR
I F  (NBTYPE (M ) .E Q .  2 .AND .  ANG .G T .  P D C A L L  ERROR (58 )

5 7 2  CONTINUE  
CALL OUTPUT( 2 )
I F  (NOHAR ?Në 7 D C A L L  s u m m a r y



I F (T E R M IN A L  .OR .  I O P T ( 1 4 )  .N E .  2 )GO TO 1
XO PTc1 2 2 ,  0

6 0 0  I F ( . N O T .C 0D E 3 )C A LL  E R R 0 R (1 5 )
I F ( C 0 D E 6 )  CALL E R R 0 R O 6 )
CODES ะ TRUE
I F (N N L 1  . E q 7 0 )C A L L  E R R 0 R (2 1 )
CALL NL1DATA

700  I F  t . N O T .C 0D E 3 ) CALL E R R 0R (1 5 )
I F (C O D E 7 )  CALL ERROR (37 )
C0DE7 ะะ TRUE
I F ( N N L 2  . E q T 0 )C A L L  E R R 0 R (2 1 )
CALL. NL2DATA

8 0 0  WRITE ( * , 1 0 2 0 )
CLOSE ( 5 )
STOP

32  F O R M A T ( 1 X , 1 3 0 ( 1 H - ) )
1 0 0 0  FORMAT( 1 4 )
1 0 02  FORMAT(A80)
1004  FORMAT( 2 8 1 2 )
10 06  F O R M A T ( / i x 7 À 8 0 )
10 08  F 0 R M A T (1 X , ’ OPTION N U M B E R 1X , 1 4 I 5 / / 1 X  , ’ OPTION V A L U E 2 X , 1 4 1 5 )  
10 10  F O R M A T ( / / I X , ’ DUE TO PREVIOUS ERRORS, SOLUTION W IL L  NOT BE 7 

1 ’ ATTEMPTED’ / )
1 0 1 2  FORMAT( 1 X , ’ BUS= ’ , 1 4 , ’ , T Y P E = ’ , A 4 , ’ , PG= ’ , 2 P F 8 . 2 , ’ , Q G = ' , F 8 . 2 ,  

1 ' ,  PL= , F 8 . 2 7 7 , Q L = ’ , F 8 . 2 ,  , D E LA Y = ’ ,O P F 7 7 2 , ’ , R = ’ , 2 P F 8 . 2 7
o  » c _  » C Q  ท  * r n u - »  O D P 7  o  * c .T T -  '  T O N

1014 f ÔrM A T (1 x ‘, ’ N O NL INEAR ’ d e v i c e ' p a r a m e t e r s  ’ )
1016  FORMAT(1X )
10 18  FORMAT( 1 x 7 ’ BUS= ’ , 1 4 , * 1 T Y P E = ’ , A 4 , ’ , PG = ’ . 2 P F B . 2 , ’ , 0 G = ’ , F 8 . 2 ,  
1 0 2 0 1f 6 r m a t ( / i x ’, ^ É n d  0 F = RÛn ° ) 2>
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FUNCTION AMP2(M1ANGL.ALPHA, KFUND)
COMPLEX YBU S , ' CMPZERO, CMPONE
LOG ICAL  PATHBTS , COOE3, CODE4, CODES, CODES I CODE7 ,

1TRUE, FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  BO T I T L E ,  COMMENT 
COMMON /C O M P /  YBUS( 2 0 , 2 0 , 9 ) ,  CMPZERO, CMPONE 
COMMON /R E A L /  A JA C ( 3 6 6 7 3 6 6 ) ,  G R ( 2 0 , 9 ) ,  0 1 ( 2 0 , 9 ) ,  F F M A G (2 , 9 ) , 

! f £ A N G ( 2 , 9 ) ,  P L ( 2 0 ) J QL 2 0 ) ,  ร ( 2 0 ) ,  P G ( 2 0 ) ,  0 0 ( 2 0 ) ,  V ( 2 0 ) ,  
2 S R C B L ( 2 Ô ) ,  RCONV( 2 0 ) ,  FCONV( 2 0 ) ,  E C O N V (2 0 ) , D ELAY ( 2 0 ) 7  R T R C O N (2 0 ) ,  
3 X T R C O N (2 Ô ) , C O M ( 2 0 ) , R 1 ( 5 0 ) ,  X I ( 5 0 )  , G 1 ( 5 0 ) ,  B 1 ( 5 0 ) 7  G 0 ( 5 0 ) 7  
4 B 0 ( 5 0 ) ,  RO( 5 0 ) ,  X 0 ( 5 0 ) ,  T A P ( 5 0 ) ,  P S H I F T ( 9 ) ,  G R TE M P 0 (9 )7  
5 G I T E M P 0 ( 9 ) ,  H M A G (9 ) ,  HANG( 9 ) , X ( 3 6 S )7  Y ( 3 8 6 ) ,  D E L T A X ( 3 6 6 ) , 
6 D E L T A Y ( 3 6 6 ) , TO LE , COMTOLE, F 2 T 0 L E , DEPART, P l 7  R 3 0 ,  R 6 0 ,  R 9 0 ,  
7 R 1 2 0 ,  R 3 6 0 ,  DR, A K 1 ,  A K 2 , A K 3 , P l 7  P 2 ,  EDUM1, EDUM2, EDUM3,
B S IN 3 0 ,  C 0 3 3 0 ,  E P 3 , E P 4 , E P 6 , E P 9 , Er 7 HFUND, HRMS, HDf7 
9HPEAK, ACCEL
COMMON /C H A R /  B U S N A M E (20 ) ,  SUBNAME( 6 ) ,  BTEMPN 
COMMON / I N I G /  L IN E S ( 2 , 5 0 ) ,  K T R T Y P E ( 5 0 ) , K S H A R (5 0 ) ,

1NBTYPE ( 2 0 )  , NBSUBT( 2 0 ) ,  N B E X T (2 0 ) 7  KRENUM( 2 0 ) ,  K T R C 0 N (2 0 ) ,
2KSHTYPE ( 2 0 ) ,  N B S H F T ( 2 0 ) , N H V E C T (9 ) ,  NPH3EQ (9 )  , N B I N T ( i o O ) ,3MHVECT(4 9 ) 1 IO P T (1 4 )7  NOERR, NOERMAX, MAXNB, MAXLINE,4MAXHAR, MBHUSE, NB, NLIN7 NNLIN7 NNL1 , NNL2, N LIN ES, NPVLIN , 5NPQLÏN, N0HAR7 NHIGH, ITERC0M7 MAXAJAC, MAXHMp 7 NTYPES, NSUB3, 6M XFITER, MXHITER, NTRMAx7 ISDUM1, IS0UM 2, NSHMAX COMMON /L O G I/ PATH B TS(20), CODE3 , CODE47 CODE5 , CODES, C0DE7, 1TRUE, FALSE7 t e r m in a l , CSWING, CONV, Z0URCE7 GPATH

AMP2 = AK3 *  EXP (P2  *  (ANGL -  A LP H A ) )
1 + FA 2 (M ,AN G L ,0 . 0 , KFUND) 1 ER

RETURN 
END

SUBROUTINE COMANGLE(M, A LPH A , KFUND)r n u p i  c v  VPIIQ ru P 7 F P f î  ruPAWF
LOG ICAL PATHBTS, C 0 0 E 3 ,  ÇOOE4, C 0DE5 ,  C 0 D E 6 , C 0 D E 7 ,

1 TRUE 1 FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  80  T I T L E ,  COMMENT 
COMMON /C OM P / YBUS( 2 0 , 2 0 , 9 ) ,  CMPZERO, CMPONE 
COMMON /R E A L /  A JA C ( 3 6 6 7 3 6 6 ) 1 G R ( 2 0 , 9 ) ,  G I ( 2 0 , 9 ) ,  F F M A G ( 2 , 9 ) ,

1F F A N G (2 , 9 )  , P L ( 2 0 ) ,  Q L ( 2 0 ) , ร ( 2 0 ) ,  P G ( 2 0 ) ,  Q G ( 2 0 ) ,  V ( 2 0 ) ,
2SRCBL ( 2 0 )  1 R C 0 N V (2 0 )7  F C O N V (2 0 ) ,  E C O N V (2 0 ) , D ELAY(20)7 R T R C O N (2 0 ) ,  
3XTRC0N ( 2 0 ) ,  C O M (2 0 ) ,  R 1 ( 5 0 ) ,  X I ( 5 0 ) ,  G 1 ( 5 0 ) ,  B 1 ( 5 0 ) ,  G 0 ( 5 0 ) ,4BO( 5 0 )  , R 0 ( 5 0 ) , X 0 ( 5 0 ) ,  T A P ( 5 0 ) ,  P S H I F T ( 9 )  , G R T E M P 0 (9 ) ,
5G IT E M P 0 ( 9 ) ,  H M A G (9 ) ,  H A N G (9 ) ,  X ( 3 6 6 ) ,  Y ( 3 6 6 ) ,  D E L T A X ( 3 8 6 ) ,6DELTAY(3 6 6 ) ,  TOLE, COMTOLE, F2T0LE , DEPART, P I ,  R30, R60, R90, 
7R120, R 360, DR, AK1, AK27 AK37 P l7  P27 EDUM1, EDUM2, EDUM3,
8 S I N 3 0 , C OS30 ,  E P 3 , E P 4 ,  E P 6 , E P 9 ,  ER7 HFUND, HRMS, HDF7 
9HPEAK , ACCEL
COMMON /C H A R /  BUSNAME( 2 0 ) ,  SUBNAME( 6 ) ,  BTEMPN 
COMMON / I N I G /  L IN E S ( 2 , 5 0 ) ,  K T R T Y P E (5 0 ) ,  K 3 H A R ( 5 0 ) ,

1NBTYPE(20)7 n b s u b t (2 0 )7  NBEXT(20)7 KRENUM(20), KTRCON( 2 0 ) ,
2KSHTYPE ( 2 0 ) 1 NBSHFT( 2 0 ) ,  N H V E C T (9 ) ,  N P H S E Q (9 ) ,  N 8 I N T ( 1 0 0 ) ,3MHVECT(4 9 ) 1 IO P T (1 4 )7  NOERR, NOERMAX, MAXNB, MAXLINE,4MAXHAR, MBHUSE, NB, N L IN , NNLIN, NNL1, NNL2, NLINES, NPVLIN , 
5NPQLIN, N0HAR7 NHIGH, ITERCOM7 MAXAJAC, MAXHMp 7 NTYPES, NSUBS, 6M XFITER, MXHITER, NTRMAX, ISDUM1, IS0UM2, NSHMAX COMMON /L O G I/ PA TH B TS(20), CODE3 , CODE4 , CODES, C0DE6, C0DE7, 
1TRUE, FALSE, TERMINAL, CSWING, CONV, ZOURCE, GPATH
CANG ะ COM(M)

A = E2R -  FA1(M ,ALPHA,0 . 0 , KFUND)B = F A 2 (M ,A L P H A ,R 8 0 ,K F U N D )  -  F C 1 (M ,A L P H A , 0 . 0 , KFUND) -  E2R
D = -E X P (P 2  *  R 60 )
ISDUM1 = NBEXT(M )
I F ( I O P T ( 9 )  7n E. 0 )W R ITE  ( * , 1 0 0 0 ) I S D U M 1 1KFUND, I T E R C O M ,E 2 R ,A ,B ,C ,D ,G  

1 HI = E X P (P I  *  CANG)
H2 = EXP (P2  *  CANG)
ANGL ะ ALPHA + CANG
FDUM1 = F A 1 (M ,A N G L ,0 . 0 , KFUND) -  FA2(M , ANG L , 0 . 0 , KFUND)
FDUM2 = F C 1 (M ,A N G L ,0 . 0 , KFUND)FUN1 r  (D -  H2) *  AK3 + FDUM1 -  FDUM2 -  GFUN2 = - (H2 + D *  H1) *  AK3 + F0UM1 + FDUM2 + c *  H1I F ( IO P T ( 9 ) .NE. 0)W RITE ( * ,1 0 0 0 ) ISDUM1, KFUNd 7 i TERC0M,AK3, CANG 

i 7f ÙN1,FUN2
I F ( A B S ( F U N 1 )  . L T .  COMTOLE .AND .  ABS (FUN 2 )  . L T .  COMTOLE)GO TO 10  
FA1P = FA 1P R I (M ,A N G L ,K F U N D )
FC1P r  F C 1P R I (M ,A N G L ,K FU N D )
FA2P ะ F A 2P R I (M ,A N G L ,K F U N D )
F 1 P R I  = FA1P -  FC1P -  FA2P  
F 2 P R I  = FA1P + FC1P -  FA2P
AJ12 = -AK3 * P2 * H2 + F1PRI
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AJ21  
AJ 22

I
COM(M ) 
EDUM3

+ D *  H 1 )
*  H2 + D *
*  A J22  -  

- ( A J22  *
-  ( - A J 2 1

P1 *  
AJ 1 2 *  
FUN1 -  
*  FUN1

-  (H2
-  (P2  
AJ 11 
AK3 
CANG 
CANG
CANG *  DR

TTP R P .fU i— TTPDP.nw 4. 1
I F d T E R C O M  . L T .  10 )GO TO 1 
EDUM1 = FUN1 
EDUM2 = FUN2 
CALL ERROR( 4 8 )

10  IF (C A N G  .G E .  0 . 0  .AND . CANG . L E .  
CALL MESSAGE( 3 )
IF (C A N G  7lt7 0 .0 )C A N G  
IF (C A N G  .G T .  R60)CANG  
COM(M) ะ CANG 

20  WRITE ( * ,  1002 ) ISDUM1  
LHAR = 1 , NOHAR 
= 2 *  M + 2 *  (LHAR

H 1 ) *  AK3 + P1 *  c *  H1 + F 2P R I  
AJ21
AJ 12 *  FUN2) /  DET  
+ A J 11 *  FUN2 )  /  DET

R60 )GO  TO 30
0.0
R60

DO 21 
MPOS
VOLTM ะ X(MPOS)

1 )  *  NB
ANGM = X (MP03  -  1 )  /  VOLTM *  DR 
WRITE ( *  , 1 0 0 4 )NHVECT( LHAR ) 1VOLTM,ANGM  

21 CONTINUE
3 0  AK1 = (A  -  B + D *  AK3 ) /  2 . 0

I F ( I O P T ( 9 )  . n e ! 0 )W R ITE  ( *  11 0 0 0 } IS D U M 1 1KFUND1ITERCOM 1A K 1 , A K 2 , AK3 
1 0 0 0  F 0 R M A T ( / 1 X , ’ COMANGLE’ , 3 I 5 , 6 E 1 5 . 6 )
10 02  F O R M A T { / I X , ’ DUE TO APPARENT PROBLEMS IN  THE SOLUTION FOR TH E '

1 ,  ’ COMMUTATION ANGLE AT BUS ’ , 1 5 7 ,  THE A P P L IE D  VOLTAGES ARE ’
2 ,  ’  L I S T E D . ’ / I X , ’ HARMONIC’ , 5 X , ; VOLTAGE MAGNITUDE ’ , 5 X , ’ VOLTAGE ’
3 ,  ’ ANGLE ’ )

1 0 0 4  FORMAT( 1 X , Ï 8 , 2 P F 2 2 . 4 , OPF1 8 . 2 )
RETURN
END
SUBROUTINE CONVERGE(KFUND, K I T )
COMPLEX YB 
LOG ICAL  PV ,PS
r n u D i  C Y  V R I IQ r u P 7 P D n  r .u p n M F

LOG ICAL PATHBTS , C 0D E 3 , CODE4, CODE5 ,  CODES, CODE7 ,
1 TRUE , FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  80  T I T L E ,  COMMENT 
COMMON /COMP / YBUS( 2 0 , 2 0 , 9 ) ,  CMPZERO, CMPONE 
COMMON /R E A L /  A J A C ( 3 8 é 7 3 6 6 ) , G R ( 2 0 , 9 ) ,  G I ( 2 0 , 9 ) ,  F F M A G ( 2 , 9 ) ,

1 FFANG( 2 , 9 ) ,  P L ( 2 0 ) ,  Q L ( 2 0 ) ,  ร ( 2 0 ) ,  P G ( 2 0 ) ,  Q G ( 2 0 ) ,  V ( 2 0 } r  
2 S R C B L ( 2 0 ) , R C O N V (20 )7  F C O N V (2 0 ) ,  E C 0 N V ( 2 0 ) ,  D E L A Y ( 2 0 ) ,  R T R C 0 N (2 0 ) ,  
3XTRC0N ( 2 0 ) ,  C O M (2 0 ) ,  R1 ( 5 0 ) ,  X I ( 5 0 ) ,  G 1 ( 5 0 ) ,  B 1 ( 5 0 ) ,  G 0 ( 5 0 ) , 
4 B O ( 5 0 ) , R 0 ( 5 0 ) ,  X 0 ( 5 0 ) , T A P ( 5 0 ) ,  P S H I F T ( 9 ) ,  G R T E M P 0 ( 9 ) ,
5 G IT E M P O ( 9 ) , HMAG( 9 ) ,  HANG( 9 ) ,  X ( 3 6 6 ) ,  Y ( 3 6 8 ) ,  D E L T A X ( 3 6 6 ) ,
6D ELTA Y ( 3 6 6 ) 1 TOLE , COMTOLE, F 2 T 0 L E , DEPART, P I ,  R 3 0 , R 8 0 ,  R 90 ,  
7 R 1 2 0 ,  R 3 6 0 , DR, A K 1 , AK27 A K 3 , P 1 , P 2 ,  EDUM1, EDUM2, EDUM3,
8 S I N 3 0 ,  COS30 , E P 3 , E P 4 , E P 8 , E P 9 ,  ER7 HFUND, HRMS, HDF ,
9HPEAK, ACCEL

COMMON /C H A R /  B U S N A H E (2 0 ) ,  S U B N A M E (6 ) , BTEMPN 
COMMON / I N I G /  L IN E S ( 2 , 5 0 ) ,  KTRTYPE( 5 0 ) ,  K S H A R (5 0 ) ,

1 N B T Y P E (2 0 )7  NBSUBT( 2 0 ) ,  N B E X T ( 2 0 ) 7  K R E N U M (2 0 ) ,  K T R C O N (2 0 ) ,
2KSHTYPE ( 2 0 ) ,  NBSHFT( 2 0 ) ,  N H V E C T (é ) ,  N P H 3 E Q O ) , N B IN T ( 1 0 0 ) ,
3MHVECT( 4 9 ) ,  I O P T ( 1 4 ) 7  NOERR, NOERMAX, MAXNB, M A X L IN E ,
4MAXHAR, MBHUSE, NB, N L IN ,  N N L IN ,  N N L 1 , N N L2 ,  N L IN E S , N P V L IN ,  
5 N P Q L IN ,  N0HAR7 NH IGH , ITERC0M7 MAXAJAC, MAXHMP7 NTYPE3 ,  NSUBS,  
6 M X F IT E R , M XH ITER , NTRMAX, IS D U M 1 , IS D U M 2 , N3HMAX 

COMMON / L O G I /  PATHBTS( 2 0 ) ,  C 0 D E 3 , CODE47 CODE 5 ,  CODES, C 0D E 7 , 
1TRUE, FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH
CONV ะ FALSE  
PWORST = 0 . 0 .
PAVG = 0 . 0  
KPBUS = 0

QW0R3T = 0 . 0  
QAVQ = 0 . 0  
KQBUS ะ 0  
KPQ = 0  
SWORST = 0 . 0  
3AVG = 0 . 0  
KS8U3 = 0
I F  (KFUND ?EQ. D LM A X  = 1
I F  (KFUND : E<a; 2 )  LMAX = NOHAR
DO 1 K1 ะ 1 ,NB
PK1 = 0 . 0
QK1 = 0 . 0VRMS = 0.0
ARMS = 0 . 0
PV ะ FALSE
PS = FALSE
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I F (N B S U B T (K 1  ) .EQ . 1 .OR .  NBSUBT(K1 ) . EQ. 2 ) P V  = TRUE 
IF (K F U N D  .E Q .  1 )GO TO 20  
I F (N B S U B T (K 1  ) .EQ .  4 )P S  = TRUE

20  DO 6  L ะ  1 , LMAX 
CR = 0 . 0

K1P0S = 2 ' *  K1 + 2 *  ( L  -  1 )  *  NB 
V0LTK1 = X (K 1 P 0 S )
ANGK1 = X (K1POS -  1 )  /  V0LTK1
DO 2 K2= 1 ,NB
YB _ ะ Y B U 3 C K 1 ,K 2 , L )
YMAG = CABS (YB )
IF (Y M A G  . L T !  TOLE)GO t o  2
YANG = A T A N 2 (A IM A G (Y B ) 7 d B L E ( Y B ) )
K2P0S = 2 *  K2 + 2 *  ( L  -  1 )  *  NB 
V0LTK2  ะ X (K 2 P 0 S )
ANGK2 =  X ( K2P0S -  1 )  /  V 0LTK 2
ANGT ะ ANGK1 -  ANGK2 -  YANG
I F ( K 1  . L E .  N L IN  .AND .  L .G T .  1 )G 0  TO 100
I F f l O P T ( 1 4 )  ;N E .  0 .AND .  L .G T .  1 )G 0  TO 100
PK1 ะ PK1 + V0LTK1 *  V 0LTK2  *  YMAG *  COS(ANGT)
QK1 = QK1 + V0LTK1 *  V 0LTK2  *  YMAG *  S IN (A N G T )

100  IF (K F U N D  .EQ .  1)GO TO 2
CR = CR + V 0LTK2  *  YMAG *  C 03 (ANGK2 + YANG)
C l  ะ C l  + V0LTK2  *  YMAG *  S IN (A N G K 2  + YANG)

2 CONTINUE
IF (K F U N D  .EQ .  1 )G 0  TO ธ
I F ( L  .E Q .  1 .AND .  K1 . L E .  N L IN )G O  TO 8
I F  ( L  . EQ. D K 3 P 0 3  = 2 *  (NB *  NOHAR + (K1 -  N L I N ) )
I F ( L  .G T .  1 ) K3P03 = 2 *  (NB *  ( L  -  1 )  + K 1 )
D ELTA Y (K 3P 03  -  1 )  = CR + G R ( K 1 , L )
D E LT A Y (K 3P 0S )  ะ C l  + G I ( K 1 , L )
I F ( I O P T ( 1 4 )  .N E .  0 .AND .  L  .G T .  1 )G 0  TO 6 
VRMS ะ VRM3 + V0LTK1 *  V0LTK1  
ARM3 = ARMS + CR *  CR + C l  *  C l  

6 CONTINUE
D ELTAY ( 2  *  K1 -  1 )  = 0 . 0  
DELTAY ( 2  *  K 1 ) = 0 . 0  
I F ( K 1  .N E .  1 )G 0  TO 25  
PG( 1 )  = PK1 + P L ( 1 )
QG( 1 )  = QK1 + Q L ( 1 )
GO TO 1

25  KP = KP + 1
P M I3  = PK1 - Y ( 2  *  K1 - 1 )
D ELTAY (2  *  K1 - 1 )  ะ P M I3  
PM IS  = A B S (P M IS )
PAVG ะ PA\/G + PMIS  
I F ( P M IS  . L T .  PW0RST)G0 TO 21 
PWORST = PM IS  
KPBUS ะ N B E X T (K 1 )

21 I F ( . N O T .  PV)GO TO 22  
Q G (K 1 ) = QK1 + Q L ( K 1 )
GO TO 1

22  KPQ = KPQ + 1ท น TO _  O K I  _  v r o  ±  \
DELTAY ( 2  *  K 1 ) = o m i s 'QMTft =
QAVG = QAVG +_OMIS  
I F (OM IS  . L T .  QW0R3T)G0 TO 1 
QWORST = QMI3  
KQBUS = N B E X T (K 1 )
I F ( . NOT. PS )GO_T0  1
SNET = SORT(VRM3 *  ARMS)
SM IS  ะ ABS (SNET -  ร ( K 1 ) )
SAVG = SAVG + SM IS
I F ( S M IS  . L T .  SW 0R3T)G0 TO 1 
SW0R3T ะ SM IS  
KSBUS = N B EXT (K 1 )

1 CONTINUE
I F  (KP .G T .  D P A V G  = PAVG /  FLOAT (K P )
I F (K P Q  .G T .  1 )QAVG = QAVG /  FLOAT (KPQ )
IF (K F U N D  .N E .  1 )G 0  TO 50
WRITE ( * , 1 0 0 0 ) K I T , PAVG , PWORST, KPBUS, QAVG.QWORST, KQBUS 
IF (PW ORST . L T .  TOLE .AND .  QWORST . L T .  TOLE)CONV = TRUE 
RETURN

50  I F  (KS .G T .  D 3 A V G  ะ SAVG /  F L O A T (K S )
W R I T E R ,  1 0 0 2 )  K I T , PAVG .PWORST , KPBUS .QAVG , QWORST , KQBUS, 

1SAVG.SWORST.KSBUS  
WRITE ( * , 1 0 0 0 )
CRW0R3 = 0 . 0  
CIWORS = 0 . 0  
DO 13 น ะ  1 .NOHAR 
CRBAD ะ  0 . 0  
C IBAD  = o ! o  
CRAVG ะ 0 . 0  
C IAVG  = o l o  
KCRBUS = 0  
KC IBUS = 0  
KC = 0
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I F ( L 1  . Eq ! 1 ) K1M IN  = N L IN  + 1 
DO 14 K1 ะ K 1M IN .N B

I F ( L I  . EQ. 1 ) K3POS = 2 *  (NB *  NOHAR + (K1 -  N L I N ) )
I F ( L 1  .G T .  1 ) K3POS = 2 *  (NB *  (L1  -  1 )  + K 1 )
CR ร ABS(OELTAY (K3POS -  1 ) )
C I  = ABS (D E L T A Y (K 3 P O S ) )
CRAVG ะ CRAVG + CR
C IAVG  ะ C IAVG + C l
I F ( C R  . L T .  CRBAD)GO TO 15  roRfln — ro
KCRBU3 = N B E X T (K I )

15 I F ( C l  . L T .  C IBAO )GO  TO 14 
C IB A D  = C l  
KC IBUS r  N B E X T (K 1 )

14 CONTINUE
I F  (KC .G T .  1 ) CRAVG = CRAVG /  F LO A T (K C )
I F ( KC .G T .  1 )C IA V G  ■- C IAVG  /  F LO AT (KC )
IFÇCRBAD .G T .  CRWOR3)CRWORS = CRBAD 
I F ( C I B A D  .G T .  C IW 0 R 3 ) CIWORS = C IBAD  

13 WRITE ( *  , 1 0 0 4 )N H V E C T (L 1 ) , CRAVG1CRBAD, KCRBUS1C IA V G , C lB A D ,
1 K C IB U S _

I F  ( PWORST. LT .  T O LE . AND. QWORST. L T . T O LE . AND. 3 WORST. L T . TOLE
1 . AND. CRWORS. L T . TO LE . AND. C IWORS. L T . T O LE ) CONV=TRUE 
WRITE ( * , 1 0 0 0 )
RETURN '

1 0 0 0  F O R H A T ( 1 X , I 9 , 5 X , 2 P F 1 0 . 2 , F 1 0 . 2 , I B , 9 X , F 1 0 . 2 , F 1 0 . 2 , I 8 , 9 X , F 1 0 . 2 ,
1 0 0 2  F O R M A T (1 X ,1 6 , 6 X , ’ POWER’ , 1 2 X , 2 P F 1 4 . 2 , F 1 0 . 2 , I 1 0 , 2 ( F 1 4 . 2 , F 1 0 . 2 , I 1 0 ) )
1 0 0 4  F O R M A T ( 1 3 X , ’ CURRENT’ , 1 7 , 3 X , 2 P F 1 4 . 2 , F 1 0 . 2 ^ 1 1 0 , F I  4 . 2 , F 1 0 . 2 , 1 10 )

END

SUBROUTINE ERROR(IERROR)
COMPLEX YBU3, CMPZERO, CMPONE
LOG ICAL  PATHBT3 , CODE3, CODE4, CODE5 ,  CODE6, C0DE7 ,

1TRUE, FA LS E ,  TER M IN A L ,  C 3W IN G , CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEHPN  
CHARACTER *  8 0  T I T L E ,  COMMENT 
COMMON /COM P / Y B U S ( 2 0 , 2 0 , 9 ) ,  CMPZERO, CMPONE 
COMMON /R E A L /  A J A C ( 3 6 6 , 3 6 6 ) ,  G R ( 2 0 , 9 ) ,  G I ( 2 0 , 9 ) ,  F FM AG (2 , 9 ) ,  

1 F F A N G ( 2 , 9 ) ,  P L ( 2 0 )  Q L ( 2 0 ) , 3 ( 2 0 ) ,  P G ( 2 0 ) , Q G ( 2 0 ) ,  V ( 2 0 ) ,
2 3 R C B L ( 2 0 ) 1 R C O N V (2 0 ) ,  F C 0 N V ( 2 0 ) ,  E C O N V (2 0 ) ,  D E L A Y (2 0 )T  R T R C O N (20 ) ,  
3XTRCON( 2 0 ) ,  C O M ( 2 0 ) ,  R 1 ( 5 0 ) ,  x i ( 5 0 ) ,  G 1 ( 5 0 ) ,  B 1 ( 5 0 ) ,  G 0 ( 5 0 ) ,  
4 B O ( 5 0 )  R 0 ( 5 0 ) ,  X 0 ( 5 0 ) , T A P ( 5 0 ) ,  P S H I F T ( 9 ) ,  G R TE M P O (9 ) ,
5G ITEM PO ( 9 ) ,  H M A G ( 9 ) , HANG( 9 ) ,  X ( 3 6 6 ) ,  Y ( 3 6 6 ) ,  D E L T A X ( 3 6 6 ) ,  
6 D E L T A Y ( 3 6 6 ) ,  T O L E ,  COMTOLÈ; F 2T O LE ,  d e p a r t , p i , R 3 0 ,  R 6 0 ,  R 90 ,  
7 R 1 2 0 ,  R 3 6 0 , DR, A K 1 , A K 2 , A K 3 , P 1 , P 2 ,  EDUM1, EDUM2, EDUM3,
8 3 I N 3 0 , C O S30 , E P 3 , E P 4 ,  E P 8 , E P 9 , ER , HFUND, HR143, H D F ,
9HPEAX , ACCEL

COMMON /C H A R /  B U S N A M E (2 0 ) ,  SUBNAME( 6 ) 1 BTEMPN 
COMMON / I N I G /  L I N E 3 { 2 , 5 0 ) , KTRTYPE( 5 0 ) ,  K 3 H A R ( 5 0 ) ,

1 N B T Y P E ( 2 0 ) ,  NB3UBT ( 2 0 ) ,  N B E X T ( 2 0 ) , K R E N U M (2 0 ) , K TR C O N (2 0 ) ,  
2 K S H T Y P E ( 2 0 ) , NBSHFT ( 2 0 ) ,  N H V E C T (9 ) ,  N P H S E Q O ) , N B IN T ( IO O ) ,
3MHVECT( 4 9 ) ,  I O P T ( 1 4 ) 7  NOERR, NOERMAX, MAXNB, M AXL INE ,
4MAXHAR, MBHU3E, NB , N L IN ,  N N L IN , N N L 1 , N N L 2 , N L IN E 3 ,  N P V L IN ,  
5N P Q L IN ,  NOHAR, N H IG H ,  ITERCOM , MAXAJAC, MAXHMP7 NTYPES, NSUB3 , 
6 M X F IT E R , M XH ITER , NTRMAX, I 3 D U M 1 , ISD UM 2 ,  N3HMAX 

C0W40N / L O G I /  P A T H B T S ( 2 0 ) ,  CODE3, CODE47 CODE5 ,  C0DE6 ,  C0DE7 ,
1TRUE , FALSER t e r m i n a l , CSWING, CONV, ZOURCE, GPATH
WRITE ( * , 1 0 0 0 )  IERROR

1 0 0 0  F O R M A T ( 1 X , 1 5 H * * *  ERROR CODE , I 5 , 4 H  * * * )
I F ( I E R R O R  . L E .  2 0 )G 0  TO 21 
C A LL_ER R 0R 1 ( IER R O R )

21 GO TO (1  , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 1 0 , 1 1 , 1 2 , 1 3 , 1 4 , 1 5 , 1 6 , 1 7 , 1 8 , 1 9 , 2 0 ) . IERROR
1 WRITE ( * , 1 0 0 1 ) I3DUM1

1001 F O R M A T ( / / 1 X , ’ CONTROL CODE = ’ , 1 5 , ’ 1 3  NOT V A L I D ’ / )
GO TO 10 0

2 WRITE ( * , 1 0 0 2 )
10 0 2  F O R M A T (1 X , ’ E ITHER  ONE OF THE PRECEEDING BU3 NUMBER I S  OUT ’

1 , ’ OF RANGE ON THE FROM-TO NUMBERS ARE ID E N T IC A L ’ / )
3 WRITE ( * *? 1003  ) MAXL INE

10 03  F 0R H A T (1X , 'N U M B E R  OF L IN E S  HAS EXCEEDED PROGRAM L I M I T  = ’
1 , 1 5 / )
GO TO 1 0 0

4 WRITE ( * , 1 0 0 4 )
10 0 4  FORMAT(1X , 'TRANSFORMER TAP OR CONNECTION TYPE NOT V A L I D ’ / )

GO TO 100
5 WRITE ( * , 1 0 0 5 )

10 0 5  F 0 R M A T ( 1 X , ’ ONLY ONE CODE 3 SET OF INPUT  DATA I S  ALLOWED’ / )
GO TO 1 0 0

6 WRITE ( * , 1 0 0 6 )
10 0 6  F O R M A T (1 X , ’ ONLY ONE CODE 4 SET OF INPUT  DATA I S  ALLOWED’ / )

7 WRITE ( * ? 1 0 0 7 )MBHUSE
10 07  FORMAT( 1 X > ’ BUS NUMBER OUT OF RANGE -  H IGHEST ALLOWED NUMBER = ’
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1 , 1 5 / )
GO TO 100

8 WRITE ( * , 1 0 0 8 )
10 0 8  F O R M A T ( I X , ’ E ITHER  BUS TYPE OR BUS SUB -TYPE  OUT OF RANGE’ / )

GO TO 100
9 WRITE ( * , 1 0 0 9 )

10 09  FORMAT M X , ’ T H IS  COMBINATION OF TYPE AND SUB -TYPE  NOT ’ ,
1 ’ ALLOWED’ / )
GO TO 100

10 WR ITE  ( * , 1 0 1 0 )
1 0 1 0  F O R M A T (1 X , ’ MORE THAN ONE BUS S P E C IF IE D  AS SWING BUS ’ / )

GO TO 100
11 V(RITE ( * , 1 0 1 1 )

1011 F O R M A T (1 X , 'N O  SWING BUS S P E C IF IE D ’ / )
12 WRITE ( * ? 1 0 1 2 )MAXNB

1 0 1 2  FORMAT( 1 X , ’ TOO MANY BUSSES -  MAXIMUM NUMBER OF BUSSES = ’
1 . 1 5 / )
GO TO 1 0 0

13 WRITE ( * , 1 0 1 3 )
10 1 3  F 0 R M A T ( 1 X , ’ T H IS  BUS NUMBER HAS ALREADY BEEN S P E C IF IE D ’ / )

GO TO 100
14 WRITE ( * , 1 0 1 4 )

10 14  F O R M A T ( 1 X , ’ ONE OF BOTH OF THESE BUS NUMBERS WAS NOT INCLUDED ’
1 , ’ I N  THE CODE 3 D ATA ’ / )
GO TO 1 0 0

15 WRITE ( * , 1 0 1 5 )
1 0 1 5  F 0 R M A T ( 1 X , ’ CODE 3 (FUNDAMENTAL LOADFLOW BUS DATA) MUST PRECEED’

1 , ’ NONLINEAR BUS D ATA ’ / )
GO TO 1 0 0

18 WRITE ( * , 1 0 1 8 )
10 16  F 0 R M A T ( 1 X , ’ ONLY ONE CODE 6 SET OF IN PUT  DATA I S  ALLOWED’ / )

GO TO 100
17 WRITE ( * , 1 0 1 7 )

10 1 7  F O R M A T (1 X , ’ T H IS  BUS NUMBER WAS NOT INCLUDED IN  T H E ’
1 , '  CODE 3 D A T A ' / )
GO TO 1 0 0

18 WRITE ( * , 1 0 1 8 )
10 1 8  FORMAT( 1 X , 'THE NUMBER OF BUSSES HAS EXCEEDED THE NUMBER’

1 ,  ’ OF BUSSES OF T H IS  TY P E ’ / 1 X , ’ AS DETERMINED FROM T H E ’
2 ,  ’  COD I 3 D ATA ’ / )

19 WR ITE  ( * , 1 0 1 9 ) I3DUM1
10 19  F O R M A T (1 X , ’ NONLINEAR DATA WAS NOT S P E C IF IE D  FOR BUS ’ , 1 5 / )

GO TO 1 0 0
20  WRITE ( * , 1 0 2 0 )

1 0 2 0  F O R M A T ( 1 X , 'T H IS  BUS TYPE DOES NOT AGREE WITH THE CODE 3 D ATA ’ / )
100  TERM INAL  ะ TRUE

MDFPR ะ? K inFRP  4. 1
IF (N O E R R  . L T .  NOERMAX) RETURN 
WRITE ( * , 1 1 0 0 ) NOERMAX

11 00  F 0 R M A T ( / / 1 X , ’ THE MAXIMUM NUMBER OF ERRORS ะ ’ , 1 5 , 'H A S ’
1 , ’ OCCURRED -  TERM INATE ’ )

STOP
END
SUBROUTINE ERR0R1( IERROR)
r o M P i FX  V R IW  r .M P 7 F R n . PM Pnw F
LOG ICAL  PATHBTS, C0DE3 ,  C0DE4 , C 0D E 5 , CODES, C 0 0 E 7 ,

1TRUE , FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  80  T I T L E ,  COMMENT 
COMMON /C OM P / Y B U 3 ( 2 0 , 2 0 , 9 ) 1 CMPZERO, CMPONE 
COMMON / R E A L /  A JA C ( 3 6 6 7 3 6 6 ) ,  G R ( 2 0 , 9 ) ,  G I ( 2 0 , 9 ) ,  FFMAG( 2 , 9 ) ,

1 F F A N G (2 , 9 ) ,  P L ( 2 0 ) ,  Q L ( 2 0 ) ,  ร ( 2 0 ) ,  P G ( 2 0 ) ,  Q G ( 2 0 ) ,  V ( 2 0 ) ,  
2 S R C B L ( 2 0 ) ,  R C 0 N V (2 0 )7  F C O N V (2 0 ) i  E C O N V (2 0 ) , D c L A Y ( 2 0 ) 7  R T R C 0 N (2 0 ) ,  
3XTR C 0N ( 2 0 ) ,  C O M ( 2 0 ) ,  R 1 ( 5 0 ) ,  X I ( 5 0 ) ,  G 1 ( 5 0 ) ,  B 1 ( 5 0 ) ,  G 0 ( 5 0 ) ,  
4 8 0 ( 5 0 ) ,  R 0 ( 5 0 ) ,  X 0 ( 5 0 ) ,  T A P ( 5 0 ) ,  P S H I F T ( 9 ) ,  G R T E M P 0 (9 ) , 
5 G I T E M P 0 O ) ,  H M A G ( 9 ) , H A N G (9 ) ,  X ( 3 6 6 ) ,  Y ( 3 6 6 ) ,  D E L T A X ( 3 6 6 ) ,
6D E L T A Y ( 3 6 6 )  1 TOLE ,  COMTOLE, F 2 T 0 L E , DEPART, P I ,  R 3 0 ,  R 60 ,  R 90 ,  
7 R 1 2 0 ,  R 3 6 0 , DR, A K 1 , AK27 AK37 P I ,  P 2 ,  EDUM1, EDUM2, EDUM3,
8 S I N 3 0 ,  C O S 30 , E P 3 ,  E P 4 , EPS , E P 9 , ER7 HFUND, HRMS, HDF,
9H P E A K , ACCEL

COMMON /C H A R /  B U S N A M E (2 0 ) ,  SUBNAME( 8 ) 1 BTEMPN 
COMMON / I N I G /  L IN E S ( 2 , 5 0 ) ,  KTRTYPE( 5 0 ) ,  K S H A R (5 0 ) ,

1 N B T Y P E (2 0 ) 7  N B S U B T (2 0 )7  N B E X T ( 2 0 ) 7  KRÉNUM( 2 0 ) ,  K TR C O N (2 0 ) ,  
2 K S H T Y P E ( 2 0 ) , NBSHFT ( 2 0 ) ,  NHVECT( 9 ) ,  N PHSECU9 ) , N B IN T ( IO O ) ,
3MHVECT( 4 9 ) 1 I O P T ( 1 4 ) 7  NOERR, NOERMAX, MAXNB, M AXL INE ,
4MAXHAR, MBHUSE, N B , N L I n T NNL IN  , N N L 1 , N N L 2 , N L IN E S , N P V L IN , 
5N PQ L IN  , N0HAR7 NH IGH ,  ITERCOM, MAXAJAC, MAXHMP, NTYPES , NSUBS,  
6 M X F IT E R , M X H IT E R , NTRMAXT IS D U M 1 , IS D U M 2 , NSHMAX 

COMMON / L O G I /  P A T H B T 3 ( 2 0 ) ,  C 0DE3 ,  CODE4 ,  C 0DE5 ,  C 0D E 6 , C 0D E 7 ,
1TRUE , FALSE7 t e r m i n a l , CSWING, CONV, ZOURCE, GPATHc

T FR R  -  TFRROR -
I F ( I E R R O R  . L E .  40 )GO  TO 41 
CALL  E R R 0R 2 ( IER R O R )
RETURN

41 G O T O  ( 2 1 , 2 2 , 2 3 , 2 4 , 2 5 , 2 6 , 2 7 , 2 8 , 2 9 , 3 0 , 3 1 , 3 2 , 3 3 , 3 4 , 3 5 , 3 6 , 3 7 , 3 8 ,
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U Q \  T  P R O

21 WRITÉ ( * , 1 0 2 1 )
1021 FORMAT M  X , 'NO BUSSES OF T H IS  TYPE WERE INCLUDED IN  THE '

1 ,  ’ CODE 3 DATA ’ / )
RETURN

22  WRITE ( * , 1 0 2 2 )
10 2 2  F O R M A T (1 X , ’ CODE 3 DATA MUST PRECEED CODE 4 DA TA ’ / )

RETURN
23  WRITE ( * , 1 0 2 3 )

10 23  FORMAT( 1 X . ’ THE CONVERTER F I L T E R  REACTANCE SHOULD NOT BE ’ ,
1 ’ N E G A T IV E ’ / )

RETURN
24  WRITE ( * , 1 0 2 4 )  IO P T ( 3 ) , NHVECT(MAXHAR)

10 24  F O R M A T (1 X , ’ THE OVERRIDE H IGHEST HARMONIC ะ ’ , 1 5 , ’ EXCEEDS’
1 1 ’ THE MAXIMUM ALLOWED = ■ , 1 5 /1 X , ’ (DETERMINED FROM MAXHAR’
2 ,  ’ AND THE ABSENCE OR PRESENCE OF ZERO SEQUENCE) ’ / )

RETURN
25  WRITE ( * , 1 0 2 5 )

1 0 2 5  FORMAT( 1 X , ’ THE P O S IT IV E -N E G A T IV E  SEQUENCE L IN E  IMPEDANCE’
1 , ’ I S  VERY S M ALL ’ / )

RETURN
26  WRITE ( * , 1 0 2 6 )

10 2 6  F O R M A T (1 X , ’ PASSIVE CONVERTER BUSSES CANNOT HAVE p  OR Q ’
1 1 ’ GENERATION ’ / )
RETURN

27  WRITE  ( * , 1 0 2 7 )
10 2 7  F O R M A T (1 X , ’ ABS ( ร )  CANNOT BE LESS THAN p  AT A PS BUS ’ / )

RETURN
2B WRITE ( * , 1 0 2 8 )

10 2 8  FO RM AT (1X , ’ PL OR PG CANNOT BE NEGATIVE AT NONLINEAR BUSSES’ / )  
RETURN

29  WRITE ( * , 1 0 2 9 )
10 29  F O R M A T (1 X , ’ NEGATIVE RESISTANCE NOT ALLOWED’ / )

RETURN
3 0  WRITE ( * , 1 0 3 0 ) ISD UM 1 , EDUM1

1 0 3 0  F O R M A T ( I X , ’ THE JACOBIAN HAS A ZERO ON THE D IAGONAL. ’ ,
1 ’ D IAGONAL ELEMENT PO S IT IO N  = ’ , 1 5 , ’ , VALUE = ’ , E 1 5 . 6 / )pPT(JDW

31 WRITE ( * , 1 0 3 1 )
1031 F O R M A T (1 X , ’ THERE MUST BE AT LEAST TWO BUSSES TO RUN TH E ’

1 , ’ LOADFLOW’ / )
RETURN

32  WRITE ( * , 1 0 3 2 ) T 0 L E
10 32  F O R M A T (1X , 'T H E  FUNDAMENTAL LOADFLOW D ID  NOT CONVERGE TO TH E ’

1 ’ DESIRED WORST BUS P ,Q  MISMATCH TOLERANCE ะ ’ , 2 P F 8 . 4 / )
RETURN

33  WRITE ( * , 1 0 3 3 )
10 3 3  F O R M A T (1 X , ’ NONLINEAR BUSSES CANNOT HAVE BOTH LOAD AND’

1 , ’ GENERATION ’ / )
RETURN

34 WRITE ( * , 1 0 3 4 )
10 34  FORMAT( 1X , XS SHOULD BE GREATER THAN ZERO’ / )

RETURN
35  WRITE ( * , 1 0 3 5 )

10 3 5  FORMAT( 1 X , R SHOULD NOT BE S P E C IF IE D ’ / )
RETURN

36  WRITE ( * , 1 0 3 6 )
1 0 3 6  F 0 R M A T (1 X , ’ ALPHA SHOULD NOT BE S P E C I F IE D ’ / )

RETURN
37  WRITE ( * , 1 0 3 7 )

10 3 7  F O R M A T (1 X , ’ ONLY ONE CODE 7 SET OF INPUT  DATA I S  ALLOWED’ / )
RETURN

38  WRITE ( * , 1 0 3 8 )
10 38  F O R M A T ( IX ,  T H IS  ALPHA NOT ACCEPTABLE ’ / )

RETURN
39  WRITE ( *  1 0 3 9 )

10 3 9  FORMAT( I X , E SHOULD NOT BE S P E C I F IE D ’ / )
RETURN
END
SUBROUTINE ERR0R2( IERROR)  
r n u D i  p v vpire r u o j p D n  r.upnwp
LOG ICAL  PATHBTS, CODE3, CODE4 1 CODE5 ,  CODE6, CODE7,

1TRUE, FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  8 0  T I T L E ,  COMMENT 
COMMON /C OM P / YBUS( 2 0 , 2 0 , 9 ) ,  CMPZERO, CMPONE 
COMMON /R E A L /  A JA C ( 3 8 6 7 3 6 6 ) ,  G R ( 2 0 , 9 ) , G I ( 2 0 , 9 ) ,  F F M A G { 2 , 9 ) ,

1FFANG ( 2 , 9 ) ,  P L ( 2 0 ) ,  Q L ( 2 0 )  , ร ( 2 0 )  , > 0 ( 2 0 )  , QG (2Ô ) , V ( 2 0 ) ,
2S R C B L ( 2 0 ) ,  RCONV( 2 0 ) 7  FCONV( 2 0 ) ,  ECONV(2 Ô )  , D ELAY ( 2 0 ) ,  RTRCON( 2 0 ) ,  
3XTRC0N ( 2 0 ) ,  C 0 M ( 2 0 ) ,  R 1 ( 5 0 ) ,  X I ( 5 0 ) ,  G 1 ( 5 0 ) ,  B 1 ( 5 0 ) ,  G 0 ( 5 0 ) ,  
4 B 0 ( 5 0 ) , RO( 5 0 ) ,  X 0 ( 5 0 ) ,  T A P ( 5 0 ) ,  P S H I F T ( 9 )  GRTEMPO( 9 ) , _
5G IT E M P 0 ( 9 ) ,  HMAG( 9 ) 7  HANG( 9 ) ,  X ( 3 6 6 ) ,  Y ( 3 é é ) , DELTAX ( 3 6 6 ) ,  
6 D E L T A Y ( 3 6 6 ) , TOLE ,  COMTOLE, F 2 T 0 L E , DEPART, P I , R 3 0 , R 6 0 , _ R 9 0 ,  
7 R 1 2 0 ,  R 3 6 0 ,  DR , A K 1 , AK2 7 A K 3 ,  P 1 ,  P 2 ,  EDUM1 , EDUM2, EDUM3,
8 S I N 3 0 , COS30 , E P 3 , E P 4 , E P 6 ,  E P 9 , E R , HFUND, HRMS, HDF,
9HPEAK , ACCEL

COMMON /C H A R /  B U S N A M E (20 ) ,  SUBNAME( 6 ) ,  BTEMPN 
COMMON / I N I G /  L I N E S ( 2 , 5 0 ) ,  KTRTYPE( 5 0 ) ,  K S H A R (5 0 ) ,
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1 N B T Y P E ( 2 0 ) ,  N B S U B T (2 0 ) ,  N B E X T ( 2 0 ) ,  K R E N U M (20 ) ,  K T R C O N (2 0 ) ,  
2KSHTYPE ( 2 Ô ) , NBSHFT( 2 0 ) , _ N H V E C T ( 9 ) , N P H S E Q (9 ) , N B IN T M O O ) ,
3MHVECT(4 9  ) ,  I 0 P T Ç 1 4 ) ,  NOERR, NOERMAX, MAXNB, M AXL INE ,
4MAXHAR, MBHUSE, NB , N L I N ,  N N L I n T N N L 1 , N N L2 ,  N L IN E sT  N P V L IN ,  
5 N P Q L IN , NpHAR, NH IGH , ITERCOM , MAXAJAC, MAXHMp T NTYPES, NSUBS, 
6 M X F ITE R ,  MXH ITER , NTRMAX, IS D U M 1 , ISD UM 2 ,  NSHMAX 

COMMON / L 0 G I / _ P A T H B T S ( 2 0 ) , C 0 D E 3 , C 0 D E 4 , CODE5 ,  CODE6 ,  C 0 D E 7 1 
1TRUE, FALSE ,  TERM INAL ,  CSWING7 C0NŸ7 Z0URCÉ7 GPATH
IERR  ~  IERROR -  39
9 9  TÇ ( 4 0 ^ 4 1 ? 4 2 , 4 3 , 4 4 , 4 5 , 4 6 , 4 7 , 4 8 , 4 9 , 5 0 , 5 1 , 5 2 , 5 3 , 5 4 , 5 5 , 5 6 , 5 7 , 5 8 ,  

1 5 9 , 6 0 , 6 1 , 6 2 , 6 3 , 6 4 , 6 5 , 6 7 , 6 8 )  , IERR
40  WRITE ( * , 1 0 4 0 )

10 40  FORMAT M X , ' P L  OR PG MUST BE GREATER THAN ZERO AT A P -A L P H A ’
1 1 ’  BUS ’ / )

RETURN
41 Wr i t e ’ ( * , 1 0 4 1 )

1041 F O R M A T (1 X , ’ SHUNT CONNECTION TYPE NOT V A L I D ’ / )
RETURN

42 WRITE ( * , 1 0 4 2 )
10 4 2  F O R M A T (1 X , ’ SHUNT ELEMENT CONNECTION TYPE S P E C IF IE D  FOR NON'

1 , ’ SHUNT ELEMENT’ / )
RETURN

43 WRITE ( * , 1 0 4 3 )
10 43  F O R M A T (1 X , ’ THE HARMONIC POWERFLOW HAS BEEN REQUESTED BUT THERE ’ 

1 , '  ARE NO NONLINEAR BUSSES ’ / )
RETURN

44 WRITE ( * , 1 0 4 4 )T 0 L E
1044  FORMAT(1X > 'THE HARMONIC LOADFLOW D ID  NOY CONVERGE TO THE D E S IR E D ’ 

1 , ’ WORST BUS TOLERANCE = ’ . 2 P F 8 . 4 / )
RETURN

45 WRITE ( * , 1 0 4 5 ) I S D U M 1 , I S D U M 2
1045  FO R M AT (1X , 'ZER O  SEQUENCE ANALYS IS  HAS BEEN REQUESTED, BUT ZERO’

1 ,  ’ SEQUENCE IMPEDANCE’ / 1 X , ’ I S  M ISS IN G  FOR THE ELEMENT CONNECTED’
2 ,  ’ TO BUSSES ’ , 1 5 , ’ — ’ , 1 5 / )

RETURN
46 WRITE ( * , 1 0 4 6 )

10 46  F 0 R M A T (1 X , ’ SHUNT CONNECTION TYPE I S  S P E C IF IE D ,  BUT THE SHUNT’
V  Q I S  VERY SM ALL ’ / )

RETURN
47 WRITE ( * , 1 0 4 7 )

1047  FORMAT( 1 X > 'CODE 4 DATA MUST PRECEED CODE 5 D ATA ’ / )
RETURN

48 WRITE ( *  , 1 0 4 8 ) IS D U M 1 , ITERCOM , EDUM3, EDUM1,EDUM2
1048  F 0 R M A T (1 X , ’ THE IT E R A T IV E  SOLUTION OF THE COMMUTATION ANGLE FOR’

1 ,  ’ THE L IN E  COMMUTATED CONVERTER AT BUS ’ , I 5 / 1 X , ’ D ID  NOT’
2 ,  ’ CONVERGE. ITER AT IO N S  ะ ’ , 1 5 , ’ , COMMUTATION ANGLE ะ ’ . F 1 2 . 2 / 1 X
3 ,  ’ THE MISMATCH I S  -  -  -  F1 = ’ , E 1 5 . 6 , ’ , F2 = ’ 1E 1 5 7 6 / )

49 WRITE ( *  ,1 0 4 9 )N B ,M A X A JA C
10 49  F 0 R M A T (1 X , ’ THE JACOBIAN D IMENSION (MAXAJAC) MUST BE AT LEAST ’ ,

1 'TW ICE  AS LARGE THE NUMBER OF BUSScS (N B )  TO RUN THE ’ 1
2 ’ FUNDAMENTAL LOADFLOW’ / 1 X , ’ NB ะ ’ , 1 5 , ’ , MAXAJAC = ’ , 1 5 / )

RETURN
50 WRITE ( * , 1 0 5 0 ) I S D U M 1

10 50  FORMAT( 1X ,  ’ TTÎÉ END OF PERIOD 2 FOR THE L IN E  COMMUTATED CONVERTER’ 
1 , ’ AT BUS ' , 1 5 ,  CANNOT Be DETERMINED ’ / 1 X , ’ S INCE  THE CURRENT ’ ,
2 'NEVER GOES P O S IT IV E ’ / )

RETURN
51 WRITE ( * , 1 0 5 1 ) IS D U M 1 , IS D U M 2 , EDUM1, EDUM2

1051 F O R M A T (1 X , ’ THE IT E R A T IV E  SOLUTION OF THE END OF PERIOD 2 FOR’
1 , ’ A L IN E  COMMUTATED CONVERTER AT BUS ’ 7 l 5 , ’ D ID  NOT CONVERGE, ’ /  
2 1 X , ' I T E R A T IO N S  = 7 | 5 , ’ , ENDING ANGLE (PAST DELAY ANGLE) = ’ ,
3 F 1 2 . 2 ,  , ERROR -  , E 1 5 . 6 / )

RETURN
52 WRITE ( * , 1 0 5 2 )

10 52  FORMAT( 1 X ,  R MUST BE GREATER THAN ZERO’ / )
RETURN

53 WRITE ( * , 1 0 5 3 )
10 53  F O R M A T (1 X , ’ ZERO SEQUENCE HAS BEEN REQUESTED, BUT THERE ARE ’ ,

1 ’ NO ZERO SEQUENCE SOURCES’ / )  ~
RETURN

54 WRITE ( * , 1 0 5 4 )
10 5 4  F O R M A T (1 X , ’ IMPEDANCE FOR HARMONICS ONLY SHOULD NOT BE S P E C IF IE D ’ , 

1■  AT A NON SHUNT ELEMENT’ / )
RETURN

55  WRITE ( * , 1 0 5 5 ) N B , N O H A R , N N L IN , I 3 D U M 1 1MAXAJAC
1055  F O R M A T (1 X , ’ ACCORDING TO THE FOLLOWING D IMENS IONS ,  NB = ’ ,

1 1 5 , ’ , NOHAR = ’ , 1 5 , ’ , NNL IN  = '7Î57 , THE JACOBIAN D IMENSION ’ ,
2 'MAXAJAC SHOULD BE AT LEAST = ’ , I 5 / 1 X , ’ THE S P E C IF IE D  MAXAJAC = ’ , 
3 1 5 , ’ I S  TOO SM ALL ’ / )

RETURN
56 WRITE ( * , 1 0 5 6 )

10 56  FORMAT M X ,  QL CANNOT BE NEGATIVE  AND QG CANNOT BE P O S IT IV E ’
1 , ’ AT A L IN E  COMMUTATED C O N V E R TE R '/ )
RETURN

57 WRITE ( * , 1 0 5 7 )
1057  FO RM ATM X , SOME LOAD OR GENERATION PARAMETERS SHOULD BE S P E C I F I ’ 

1 , ’ ED AT A NONLINEAR BUT NON E -ALPHA  B U S ' / )
RETURN
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58  WRITE ( * , 1 0 5 8 ) ISD UM 11EDUM1,EDUM2
1058  F O R M A T M X , ’ THE SUM OF THE DELAY ANGLE PLUS THE COMMUTATION ANGLE '

1 ,  ' AT BUS ' ’ , 1 5 , ’ I S  ’ , F 1 0 . 2  , DEGREES. ’ / 1 X , ’ T H IS  EXCEEDS TH E ’
2 ,  '  L I M I T  OF ’ , F 10 โ 2 , ’ DEGREE3’ / )

D F T IID K i

59 WRITE ( * , 1 0 5 9 )
10 5 9  F O R M A T (1 X , ’ LOAD OR GENERATION SHOULD NOT BE S P E C IF IE D  AT ’ ,

1 'AN  E -ALPHA  BUS ’ / )
RETURN

60  WRITE ( * , 1 0 6 0 )
10 6 0  F O R M A T M X , ’ T H IS  PROGRAM DOES NOT PERMIT ZERO SEQUENCE 

1 ’ A N A L Y S IS ’ / )
RETURN

61 WRITE ( * , 1 0 8 1 ) ISDUM1
1061 F O R M A T (1 X , ’ THERE ARE PATHS WITH D IFFERENT PHASE S H IF T S  FROM BUS ' 

1 , 1 5 , ’ TO THE SWING BUS’ / )
RETURN

62  WRITE ( * ,1 0 8 2 ) IS D U M 1
10 62  F O R M A T (1 X , ’ D ISCONTINUOUS NETWORK. BUS ’ , 1 5 , ’ HAS NO PATH TO T H E ’

1 1 * SWING BUS ’ / )
RETURN

83  WRITE ( * , 1 0 6 3 )
10 6 3  FORMAT (1X ,  A TRANSFORMER TAP OR CONNECTION TYPE SHOULD NOT BE ’ ,

1 'S P E C IF IE D  FOR A SHUNT ELEMENT’ / )
RETURN

64 WRITE ( * , 1 0 6 4 )
10 6 4  F O R M A T (1 X , ’ THERE I S  NO PATH TO NEUTRAL FOR THE HARMONIC ’ ,

1 ’ CURRENTS’ / )
RETURN

85  WRITE ( *  , 1 065 ) ISDUM1 ,MAXHMP
1065  FO R M A TM X ,  ’ THE HIGHEST HARMONIC M ULT IPLE  CONTAINED IN  VECTOR’ ,

1 ’ NHVECT ร  ’ , 1 5 , ’ SHOULD NOT EXCEED THE D IMENS ION  MAXHMP ะ: ’ ,
2 1 5 / )

RETURN
86  WRITE ( * , 1 0 6 6 )

10 86  FO R M A T M X , 'N O N L IN E A R  ELEMENT CONNECTION TYPE NOT \ / A L I D ’ / )
RETURN

67  WRITE ( * , 1 0 6 7 )
10 67  FO R M AT (1X , 'VOLTAG E  SHOULD NOT BE S P E C IF IE D  AT A PQ OR ’ ,

1 ’ NONLINEAR B U S ' / )
RETURN

68  WRITE ( * , 1 0 6 8 )
10 68  F O R M A T M X , ’ T H IS  S P E C IF IE D  VOLTAGE I S  OUTSIDE THE NORMAL RANGE ’ ,

1 'O F  5 OX TO 1 5 0 X ’ / )
RETURN
END

FUNCTION F A 1 (M .A N G L ,S H IF T ,K F U N D )
COMPLEX YBUS , CMPZERO, CMPONE
LOG ICAL PATHBTS, CODE3, CODE4, CODE5, CODE6, CODE7 ,

1TRUE, FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  8 0  T I T L E ,  COMMENT 
COMMON /C OM P / YBUS( 2 0 , 2 0 , 9 ) ,  CMPZERO, CMPONE 
COMMON /R E A L /  A JA C ( 3 6 8 ^ 3 6 6 ) ,  G R ( 2 0 , 9 ) ,  G I ( 2 0 , 9 ) ,  F F M A G (2 , 9 ) ,

1 F F A N G (2 , 9 ) ,  P L ( 2 0 ) ,  Q L ( 2 0 ) ,  ร ( 2 0 ) ,  P G ( 2 0 ) ,  Q G ( 2 0 ) ,  V ( 2 0 ) ,
2SR C BL ( 2 0 )  , RCONV( 2 0 ) ,  FC O N V (20 )  , E C 0 N V (2 0 )  , D E L A Y ( 2 0 ) 7  R T R C 0 N (2 0 ) ,  
3 X T R C O N (2 0 ) ,  C 0 M ( 2 0 ) ,  R 1 ( 5 0 ) ,  X I ( 5 0 ) ,  G 1 ( 5 0 ) ,  B 1 ( 5 0 ) ,  G 0 ( 5 0 ) ,
4BO ( 5 0 ) ,  R 0 ( 5 0 ) ,  X 0 ( 5 0 ) ,  T A P ( 5 0 ) ,  P S H I F T ( 9 ) ,  GRTEMPO (9 ) ,
5 G I T E M P O O ) , H M A G ( 9 ) , HANG( 9 ) ,  X ( 3 6 6 )  , Y { 3 8 6 )  , D E L T A X ( 3 6 6 ) ,
6D E LTA Y ( 3 6 8 ) ,  TOLE ,  COMTOLE, F 2 T O L E , DEPART, P I ,  R 3 0 ,  R 60 ,  R 9 0 ,  
7 R 1 2 0 ,  R 3 6 0 ,  DR, A K 1 ,  A K 2 , A K 3 , P 1 , P 2 ,  EDUM1, EDUM2, EDUM3,
8 S I N 3 0 , C O S30 , E P 3 , EP4 ,  E P 6 ,  E P 9 , ER , HFUND, HRMS, HDF ,
9HPEAK , ACCELCOMMON /CHAR/ BUSNAME( 2 0 ) ,  SUBNAME( 8 ) 1 BTEMPN COMMON / IN IQ /  L IN E S ( 2 ,5 0 ) ,  KTRTYPE( 5 0 ) ,  K3H A R(50),
1NBTYPE ( 2 0 )  , NBSUBT( 2 0 ) ,  N B E X T ( 2 0 ) 7  K R E N U M (20 ) ,  K T R C 0 N (2 0 ) ,  
2 K S H T Y P E ( 2 0 ) , NBSHFT( 2 0 ) ,  N H V E C T (9 ) ,  N P H S E Q (9 ) ,  N B IN T ( 1 0 0 ) ,
3MHVECT( 4 9 ) 1 I 0 P T ( 1 4 ) ,  NOERR, NOERMAX, MAXNB, M AXL INE ,
4MAXHAR, MBHUSE, NB , N L I N , N N L IN , N N L 1 , N N L2 ,  N L IN E S , N P V L IN ,  
5 N P Q L IN , NOHAR, N H IG H , ITERCOm T MAXAJAC, MAXHMPT N TYPE3 , NSUBS , 
6 M X F ITE R ,  M XH ITER , NTRMAX, ISDUM1 , ISDUM 2 ,  NSHMAX 

COMMON / L O G I /  P A T H B T S (2 0 ) ,  CODE3 ,  CODE47 CODES, C 0D E 6 , C 0D E 7 ,
1TRUE , FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH
RR1 = 2 . 0  *  RCONV(M)
RR2 = RCONV(M)
XX I = 3 . 0  *  XTRCON(M) + 2 . 0  *  FCONV(M)
XX2 ร  FCONV(M) + XTRCON(M)
XX3 ะ: XTRCON(M)
ZK3ANG = R90FA1 = 0.0
LMAX = 1
IF (K F U N D  .EQ .  2 )LM AX  = NOHAR 
DO H  :  17LMAX  
I F (N P H S E Q (L )  .EQ .  0 )GO TO 1 
LHAR = NHVECT (L )
XX1 L = FLO AT ( LHAR) *  XX1
XX2L = FLOAT (LHAR ) *  XX2
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c

c

c

XX3L  = FLOAT(LHAR ) *  XX3
ZK1MAG = SORT(RR1 ♦  RR1 + XX1L *  X X 1L )
ZK2MAG = SORT(RR2 *  RR2 + XX2L *  X X 2L )
ZK3MAG = XX3L
ZK1ANG = A T A N 2 (X X 1L ,R R 1 )
ZK2ANG = A T A N 2 (X X 2 L , RR2)
MP03 = 2 *  H + 2 *  ( L - 1 ) *  NB
VOLTM = X(MPOS) 7
ANGM ะ X(MPOS -  1 )  /  VOLTM + FLO AT (HPHSEQ ( L ) ) *  R30
F F M A G (1 , L )  ะ VOLTM /  ZK1MAG
FFANG ( 1 > L )  ะ: ANGM -  ZK1ANG + P S H I F T ( L )  + FLOAT (LHAR ) *  S H IF T  
PS = F L O A T (N P H S E Q (L ) ) *  R120
FFMAG( 2 ,  L )  = -FFMAG ( 1 , L )  *  ZK2MAG /  ZK3MAG 
F F A N G (2 , L )  = FFANG( 1 , L )  + ZK2ANG -  ZK3AHG + PS 
FA1 = FA1 + FFMAG( 1 , L )  *  S IN ( F L O A T ( LHAR ) *  ANGL + F F A N G (1 1L ) ) 

1 + F F M A G (2 ,L )  *  S IN ( F L O A T ( LHAR) *  ANGL + FFANG ( 2 ,  L )  )
1 CONTINUE  

RETURN 
END
FUNCTION F A 1 P R I (M , ANGL1KFUND)
COMPLEX YBUS, CMPZERO, CMPONELOGICAL PATHBTS1 CODE3, CODE4, CODES, CODE6 , CODE7,

1TRUE, FALSE , TERM INAL , CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  8 0  T I T L E ,  COMMENT 
COMMON /COMP / YBUS( 2 0 , 2 0 , 9 ) ,  CMPZERO, CMPONE 
COMMON /R E A L /  A JA C ( 3 6 6 , 3 6 6 ) ,  G R ( 2 0 , 9 ) ,  G I ( 2 0 , 9 ) ,  FFMAG( 2 , 9 ) ,

1 FFANG( 2 , 9 ) ,  P L ( 2 0 ) ,  Q L ( 2 0 ) , ร ( 2 0 ) ,  P G ( 2 0 ) ,  Q G ( 2 0 ) , V ( 2 0 ) ,
2SRCBL( 2 0 ) ,  RCONV(2 0 )7  FC 0N V (20), EC O N V(20), D ELAY(20)7 RTRCON(20), 3XTRCO N(20), C 0M (20), R 1 (5 0 ) , x i ( 5 0 ) ,  G 1 (5 0 ) ,  B 1 (5 0 ) ;  0 0 (5 0 )7  4 B 0 (5 0 ) ,  R 0 (5 0 ) , X 0 (5 0 ) ,  T A P (5 0 ) , P S H IF T (9 ) ,  GRTEMPO(9)7 
5G ITEM PO (9), HMAG(9 )7  HANG(9 )7  X (3 8 6 )7  V (3 6 6 )7  D E LTA X (366), 6D E LTA Y (366), TOLE, COMTOLE, F2T0LE , DEPART, P l7  R30, R60, R90, 7R120, R 380, DR, AK1, AK2, AK37 P I 7 P 2 , EDUM1, EDUM2, EDUM3,
8 S I N 3 0 ,  CO S30 , E P 3 , E P 4 , E P 6 , E P 9 , ER7 HFUND, HRMS, HDf 7 
9HPEAK , ACCEL

COMMON /C H A R /  BUSNAME( 2 0 ) ,  SUBNAME( 6 ) ,  BTEMPN 
COMMON / I N I G /  L IN E S ( 2 , 5 0 ) ,  KTRTYPE( 5 0 ) ,  K S H A R (5 0 ) ,

1 N B T Y P E ( 2 0 ) , NBSUBT( 2 0 ) ,  N B E X T ( 2 0 ) 7  KRENUM(20 ) , K T R C O N (2 0 ) ,
2KSHTYPE ( 2 0 ) ,  NBSHFT( 2 0 ) 1 N H V E C T (9 ) ,  N P H S E Q (9 ) ,  N B I N T ( i o O ) ,3MHVECT( 4 9 ) 1 IO P T (1 4 )7  NOERR, NOERMAX, MAXNB, MAXLINE,4MAXHAR, MBHUSE, NB, N L IN , NNLIN7 NNL1 , NNL2, N LIN ES, NPVLIN , 5N PQ LIN N O H AR, NHIGH, ITERC0M7 MAXAJAC, MAXHMP7 NTYPES, NSUBS, 6M XFITER, MXHITER, NTRMAX, ISDUM1, ISDUM2, NSHMAX COMMON /L O G I/ PATH BTS(20), C0DE3 , CODE47 CODE5 , CODES, C0DE7,
1TRUE , FALSE ,  TERM INAL , CSWING, CONV, ZOURCE, GPATH

RR1 = 2 . 0  *  RCONV(M)
RR2 ะ RCONV(M)
XX1 = 3 . 0  *  XTRCON(M) + 2 . 0  + FCONV(M)
XX2 = FCONV(M) + XTRCON(M)
XX3 = XTRCON(M)
ZK3ANG = R90  
FA1PR I  = 0 . 0  
LMAX = 1
I F ( KFUND .EQ .  2 )LMAX = NOHAR 
DO 1 L = 1 , LMAX 
I F (N P H S E Q (L )  .EQ. 0 )GO TO 1 
LHAR = NHVECT(L )
XX1 L = FLOAT(LHAR ) *  XX1 
XX2L = FLOAT(LHAR ) *  XX2 
XX3L = FLOAT(LHAR ) *  XX3 
ZK1MAG 
ZK2MAG 
ZK3MAG 
ZK1ANG 
ZK2ANG 
MPOS 
VOLTM 
ANGM 
DHAG 
DANG
FA1PR I

RR1
RR2

XX1L *  X X 1L )  
XX2L * •  X X 2 L )

1 CONTINUE  
RETURN 
END

SORT(RR1  
SQRT(RR2  
XX3L
ATAN 2 (X X 1L , RR1)
A T A N 2 (X X 2 L , RR2)
2 *  M + 2 *  ( L  -  1 )  *  NB
X(MPOS)
X(MPOS -  1 )  /  VOLTM + F L O A T (N P H S E Q (L ) ) *  R30  
VOLTM /  ZK1MAG 
FLOAT(LHAR ) *  ANGL + ANGM 
F LO A T (N P H S E Q (L ) ) *  R120  
FA1PR I  + FLOAT(LHAR ) *  DMAG *  (COS(DANG) -  ZK2MAG /  
ZK3MAG *  COS(DANG + ZK2ANG -  ZK3ANG + P S ) )

ZK1ANG + P S H I F T ( L )

FUNCTION F A 2 (M ,A N G L ,S H I F T , KFUND)
COMPLEX YBUS, CMPZERO, CMPONE
LOG ICAL PATHBTS, C 0D E 3 , C 0 0 E 4 ,  C 0 D E 5 , CODES, C 0 D E 7 ,

1TRUE , FALSE ,  TERM INAL , CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  8 0  T I T L E ,  COMMENT 
COMMON /COM P / YBUS( 2 0 , 2 0 , 9 ) ,  CMPZERO, CMPONE 
COMMON /R E A L /  A JA C ( 3 6 6 7 3 6 6 ) ,  G R ( 2 0 , 9 ) ,  G I ( 2 0 , 9 ) ,  FFMAG( 2 , 9 ) ,
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1FFANG( 2 ,  9 ) ,  P L ( 2 0 ) ,  Q L ( 2 0 ) , S ( 2 0 ) ,  P Q ( 2 0 ) ,  Q G ( 2 0 ) , V ( 2 0 ) ,
2SRCBL ( 2 0 )  , RCONV(2 0  ) , FCONV( 2 0 ) , ' ECONV( 2 0 ) ,  D E L A Y ( 2 0 ) 7  R T R C 0 N (2 0 ) ,  
3XTRC0N ( 2 0 ) ,  C O M (2 0 ) ,  R 1 ( 5 0 ) ,  X I ( 5 0 )  , G 1 ( 5 0 ) ,  B 1 ( 5 0 ) ,  G 0 ( 5 0 ) ,  
4 B O ( 5 0 ) , R 0 ( 5 0 ) , X 0 ( 5 0 ) , T A P ( 5 0 ) ,  P S H I F T ( 9 ) ,  GRTEMPO (9 )7  
5 G IT E M P O (9 ) ,  HMAQ( 9 ) ,  HANG( 9 )  , X ( 3 6 6 ) ,  Y ( 3 6 6 ) ,  D E L T A X ( 3 6 6 ) ,
6D ELTA Y ( 3 6 6 ) 1 TOLE , COMTOLE, F 2 T 0 L E 1 DEPART, P I ,  R 3 0 ,  R 6 0 ,  R 9 0 ,  
7 R 1 2 0 ,  R 3 6 0 i_ D R , A K 1 , A K 2 , _ A K 3 , P 1 , "P 2 7 UEDUM1, “ ÉDUM2, EDUM3,
8 ร I N 3 0 ,  COS3 0 ,  EP3 ,  E p 4 , E P 6 ,  E P 9 ,  ER | HFUND, HRMS, H D F ,
9HPEAK, ACCEL

COMMON /C H A R /  B U S N A M E (20 ) ,  SUBNAME( 6 ) ,  BTEMPN 
COMMON / I N I G /  L IN E S ( 2 , 5 0 ) ,  K T R T Y P E ( 5 0 ) , K S H A R (5 0 ) ,

1 N B T Y P E ( 2 0 ) ,  NBSUBT( 2 0 )  , N B E X T ( 2 0 ) 7  KRENUM(20 ) , K T R C O N (2 0 ) ,
2KSHTYPE ( 2 0 ) 1 NBSHFT( 2 0 ) ,  N H V E C T (9 ) , N P H S E Q O ) ,  N B I N T ( i o O ) ,
3MHVECT( 4 9 ) ,  I 0 P T ( 1 4 ) ,  NOERR, NOERMAX, MAXNB, M AX L INE ,
4MAXHAR, MBHUSE, NB, N L I N , N N L I N , N N L 1 , N N L2 ,  N L IN E S , N P V L IN ,  
5 N P Q L IN , NOHAR, N H IG H , ITERCOM, MAXAJAC, MAXHMP, NTYPES, NSUBS,  
6M XF ITER ,  M XH ITER , NTRMAX, IS D U M 1 , ISDUM 2 ,  NSHMAX 

COMMON / L O G I /  P A T H B T S (2 0 ) ,  C0DE3 , C 0 D E 4 , C 0 D E 5 , CODEB, C 0 D E 7 ,
1TRUE , FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH

R R 4 !ะ R O H M U fM ^
XX4 = FCONV(M) + 2 . 0  *  XTRCON(M)
FA2 = 0 ^ 0
LMAX ะ 1
IF (K F U N D  .E Q .  2 )  LMAX = NOHAR 
DO 1 L ะ I ^LM AX  
I F (N P H S E Q (L )  .EQ .  0 )G 0  TO 1 
LHAR = NHVECT(L )
XX4L  = FLOAT (LHAR ) *  XX4
ZK4MAG = SORT(RR4 *  RR4 + XX4L  *  X X 4L )
ZK4ANG = A T A N 2 (X X 4 L ,R R 4 )
MPOS = 2 *  M + 2 *  ( L  -  1 )  *  NB
VOLTM = X(MPOS)
ANGM ะ X(MPOS -  1 )  /  VOLTM + F L O A T (N P H S E Q (L ) ) *  R30
F FM A G d  , L )  = VOLTM /  ZK4MAG
FFANG( 1 , L )  = ANGM -  ZK4ANG + P S H I F T ( L )  + F LO AT (LH AR ) *  S H IF T  
F F M A G (2 , L )  = 0 . 0  
F F A N G (2 , L )  = 0 . 0FA2 = FA2 + FFMAG( 1 ,L )*S IN (F L O A T (L H A R )* ANGL+FFANG( 1 , L ) )

1 CONTINUE  
RETURN 
END
FUNCTION F A 2 P R I (M , ANGL, KFUND)
COMPLEX YBUS, CMPZERO, CMPONE
LOGICAL PATHBTS , CODE3, CODE4, CODE5 ,  CODES, CODE7,

1TRUE , FALSE , TERM INAL ,  CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  80  T I T L E ,  COMMENT 
COMMON /COMP/ YBUS ( 2 0 , 2 0 , 9 ) ,  CMPZERO, CMPONE 
COMMON /R E A L /  A J A C ( 3 6 6 , 3 6 8 ) ,  G R ( 2 0 , 9 ) , G I ( 2 0 , 9 ) , FFMAG( 2 , 9 ) ,

1FFANG( 2 , 9 ) ,  P L ( 2 0 ) ,  Q L ( 2 0 ) ,  ร ( 2 0 ) ,  P G ( 2 0 ) , Q G ( 2 0 ) , V ( 2 0 ) ,  _ 
2 S R C B L ( 2 0 ) ,  RCONV( 2 0 ) ,  FCONV( 2 0 )  1 ECONV(20 , D ELAY ( 2 0 ) ,  RTRCON( 2 0 ) 1 
3 X T R C 0 N ( 2 0 ) ,  C O M ( 2 0 ) , R 1 ( 5 0 ) ,  X I ( 5 0 ) ,  G 1 ( 5 0 )  , B 1 ( 5 0 ) ,  G 0 ( 5 0 ) , 
4 B O ( 5 0 ) ,  R 0 ( 5 0 ) ,  X 0 ( 5 0 ) ,  T A P ( 5 0 ) ,  P S H IF T ( 9 )  , GRTÉMPÇ( 9 ) ,
5 G I T E M P 0 ( 9 ) , H M A G ( 9 ) , HANG( 9 ) ,  X ( 3 6 8 )  1 Y ( 3 6 6 )  , D ELTAX ( 3 6 6 ) ,  
6 D E L T A Y ( 3 6 6 ) , TOLE ,  COMTOLE, F 2 T 0 L E ,  DEPART, P I ,  R 3 0 ,  R 6 0 ,  R 90 ,  
7 R 1 2 0 ,  R 3 6 0 , DR, A K 1 , AK27  AK37 P 1 , P 2 ,  EDUM1, EDUM2, EDUM3,
8 S IN 3 0 ,  COS307 E P 3 , E P 4 ,  EPS ,  E P 9 , Er 7 HFUND, HRMS, HDF,
9HPEAK , ACCEL

COMMON /C H A R /  B U S N A M E (20 ) ,  SUBNAME( 6 ) ,  BTEMPN 
COMMON / I N I G /  L IN E S ( 2 , 5 0 ) ,  KTRTYPE ( 5 0 ) ,  K S H A R (5 0 ) ,

1 N B T Y P E (2 0 )7  NBSUBT( 2 0 ) ,  N B E X T ( 2 0 ) 7  K R E N U M (20 ) ,  K T R C 0 N (2 0 ) ,
2KSHTYPE( 2 0 ) ,  N B S H F T ( 2 0 ) , N H VEC T (9 )  , N P H S E Q (9 ) ,  N B IN T ( 1 0 0 ) ,
3MHVECT( 4 9 ) ,  I 0 P T ( 1 4 ) ,  NOERR, NOERMAX, MAXNB, M A X L IN E ,
4MAXHAR, MBHUSE, NB , N L IN ,  N N L IN ,  N N L 1 , N N L 2 , N L IN E S ,  N P V L IN ,  
5 N P Q L IN ,  NOHAR, NH IGH , ITERCOM^ MAXAJAC, MAXHMP, NTYPES, NSUBS,  
6M XF ITER ,  MXH ITER , NTRMAX7 IS D U M 1 , ISDUM 2 ,  NSHMAX 

COMMON / L O G I /  P A T H B T S ( 2 0 ) ,  C 0D E 3 ,  C 0 D E 4 1 C 0 D E 5 , C 0D E 6 , C 0D E 7 , 
1TRUE, FALSER TERM INAL ,  CSWING, -CONV , ZOURCE, GPATH

D p i  — o r.n w v y
XX4 ะ FCONV(M) ♦  2 . 0  *  XTRCON(M)
FA2PR I  = 0 . 0
LMAX ะ 1
I F (K F U N D  .EQ .  2 )LM AX  = NOHAR 
DO 1 L  :  i T l MAX 
I F (N P H S E Q (L )  .E Q .  0 )G O  TO 1 
LHAR ะ NHVECT (L )
XX4L  ะ FLOAT (LHAR ) *  XX4
ZK4MAG = SQRT(RR4 *  RR4 *■  XX4L *  X X 4L )
ZK4ANG = A T A N 2 (X X 4 L , RR4)
MPOS = 2 *  M + 2 *  ( L  -  1 )  *  NB 
VOLTM = X(MPOS)
ANGM ะ X(MPOS -  1 )  /  VOLTM + FLOAT(NPHSEQ ( L ) ) *  R30  
FA2PR I  ร FA2PR I  + FLO AT (LHAR ) * (VOLTM 7  ZK4MAG

1 *  COS (FLO AT (LHAR ) *  ANGL + ANGM -  ZK4ANG
2 + P 3 H I F T ( L ) ) )

1 CONTINUE



RETURN
END

FUNCTION F C 1 (M .A N G L ,S H IF T ,K F U N D )
COMPLEX YBUS , CMPZERO, CMPONE
LOG ICAL PATHBTS, COOE3, CODE4, CODE5, CODE6, CODE7,1TRUE, FALSE, TERMINAL, CSWING, CONV, ZOURCE, GPATH CHARACTER * 2 SUBNAME CHARACTER *  12 BUSNAME, BTEMPN CHARACTER *  80 T IT L E , COMMENT 
COMMON /COMP/ YBUS( 2 0 ,2 0 ,9 ) ,  CMPZERO, CMPONE COMMON /R E A L / AJAC(366 1,3 6 6 ) ,  G R (2 0 ,9 ) ,  G I ( 2 0 ,9 ) ,  FFMAG( 2 , 9 ) ,  

1 F F A N G (2 ,9 ), P L (2 0 ) ;  Q L U O ), ร ( 2 0 ) ,  P G (2 0 ), QGC20), V { 2 0 ) ,  2SRCBL(2Ô ), RCONV(2 0 ) ,  FCONV(20  ) ,  EC O N V(20), DELAY(20)7 RTRC0N(20) 
3XTRC0N( 2 0 ) ,  C 0M (2 0 ), R 1 (5 0 ) ,  X I (5 0 )7  G 1 (5 0 ) , § 1 (5 0 )7  G 0 (5 0 )7  * 9 9 1 5 9 } I R 0 (5 0 ) , x o ( 5 0 ) ,  TA P (5 0 ) , P S H IF T (9 ) , GRTEMPO(9)7 5G IT E M P 6(9 ), HMAG( 9 ) ,  HANG( 9 ) ,  X (3 6 6 )7  Y (3 8 6 )7  D E LTA X(366), 6D E LTA Y (§6§ ), TOLE, COMTOLE, F2T 0LE , DEPART, P I ,  R30, R60, R90, 7R120, R360; DR, AK1, AK2, AK37 P I ,  P 2 , EDUM1, EDUM2, EDUM3, 8 S IN 3 0 , COS30, EP3, EP4, E P 6 , EP9, ER7 HFUND, HRMS, HDF,
9HPEAK, ACCEL

COMMON /C H A R /  BU S N A M E (20 ) ,  SUBNAME( 6 )  , BTEMPN 
COMMON / I N I G /  L IN E S ( 2 , 5 0 ) ,  KTRTYPE ( 5 0 ) ,  K S H A R (5 0 ) ,

1 N B T Y P E ( 2 0 ) , NBSUBT( 2 0 ) ,  N B E X T ( 2 0 ) 7  K R E N U M (20 ) ,  KTRCON( 2 0 ) ,  
2 K S H T Y P E (2 0 ) ,  N B 3 H F T ( 2 0 ) ,  N H V E C T (9 ) ,  N P H S E Q (9 ) ,  N B IN T ( 1 0 0 ) ,
3MHVECT( 4 9 ) ,  I 0 P T ( 1 4 ) , NOERR, NOERMAX, MAXNB, M AXL INE ,
4MAXHAR, MBHUSE, NB, N L I N , N N L IN 7  NNL1 , N N L2 ,  N L IN E S , N P V L IN ,  
5 N P Q L IN , NOHAR, NH IGH , ITÉRCOM , MAXAJAC, MAXHMPT NTYPES, N S U B 3 , 
6M X F ITE R ,  MXH ITER , NTRMAX, ISDUM1 , IS D U M 2 , NSHMAX 

COMMON / L O G I /  P A T H B T S ( 2 0 ) ,  C 0 D E 3 , CODE4 ,  CODE5 ,  CODES, C 0 D E 7 ,
1TRUE, FALSE7 t e r m i n a l , CSWINg 7 C0NV7 Z0URCÊ7 GPATH

RR1 = 2 . 0  *  RCONV(M)
RR4 = RCONV(M)
XX1 r  3 . 0  *  XTRCON(M) + 2 . 0  *  FCONV(M)
XX4 ะ FCONV(M) + 2 . 0  *  XTRCON(M)
XX3 = XTRCON(M)
ZK3ANG = R90
FC1 ะ 0 . 0
LMAX ะ 1
IF (K F U N D  .EQ . 2 )LM AX  = NOHAR 
DO 1 L = l / L M A X
IF (N P H S E Q (L )  . EQ. 0 ) GO TO 1

NHVECT(L )
FLOAT (LHAR ) *  XX1 
FLOAT (LHAR ) *  XX4 
FLOAT (LHAR ) *  XX3  
SQRT(RR1 *  RR1 + XX1L *  X X 1L )
SORT(RR4 *  RR4 + XX4L  *  X X 4L )
XX3L
A T A N 2 (X X 1 L ,R R 1 )
A T A N 2 (X X 4 L , RR4 )
2 *  M + 2 *  ( L  -  1 )  *  NB
X(MPOS)
X(MPOS -  1 )  /  VOLTM + F L O A T (N P H S E Q (L ) ) *  R30  

FFM AG (1 , L )  = VOLTM /  ZK1MAG
FF A N G (1 , L )  = ANGM -  ZK1ANG + P S H I F T ( L )  + FLO AT (LHAR ) *  S H IF T
PS ะ F L O A T (N P H S E Q (L ) ) *  R120
FFMAG( 2 , L )  ะ FFMAG( 1 , L )  *  ZK4MAG /  ZK3MAG
FFANG( 2 , L )  = F F A N G ( I . L )  + ZK4ANG -  ZK3ANG + PS
FC1 = F C 1 + F F M A G O , L ) * S I N ( F L O A T ( LHAR ) *ANGL+FFANG ( 1 , L ) )

1 +FFMAG( 2 , L ) *S IN (F L O A T ( L H A R )4 A N G L + F F A N G ( 2 , L ) )
1 CONTINUE  

RETURN 
END

LHAR 
XX1L  
XX4L  
XX3L  
ZK1MAG 
ZK4MAG 
ZK3MAG 
ZK1ANG  
ZK4ANG  
MPOS 
VOLTM 
ANGM

FUNCTION F C 1P R I (M ,A N G L ,K FU N D )
COMPLEX YBUS, CMPZERO, CMPONE
LOG ICAL  PATHBTS, C 0 0 E 3 , C 0 D E 4 , C 0D E 5 ,  CODES, C0DE7 ,

1TRUE , FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  8 0  T I T L E ,  COMMENT 
COMMON /C O M p /  YBUS( 2 0 , 2 0 , 9 ) ,  CMPZERO, CMPONE 
COMMON /R E A L /  A JA C ( 3 6 6 7 3 6 6 ) ,  G R ( 2 0 , 9 ) ,  G I ( 2 0 , 9 ) ,  FFMAG( 2 , 9 ) ,

1FFANG( 2 , 9 ) ,  P L ( 2 0 ) ,  Q L ( 2 0 ) ,  ร ( 2 0 ) ,  P G ( 2 0 ) ,  Q G ( 2 0 ) ,  V ( 2 0 ) 7  
2SRCBL ( 2 0 ) ,  RCONV( 2 0 ) ,  F C 0 N V ( 2 0 ) ,  E C O N V (2 0 ) , D E L A Y ( 2 0 ) 7  RTRCON(20 )  
3XTRC0N ( 2 0 ) 1 C O M (2 0 ) ,  R 1 ( 5 0 ) ,  X I ( 5 0 ) ,  0 1 ( 5 0 ) ,  B 1 ( 5 0 ) ,  G 0 ( 5 0 ) ,
4 B 0 ( 5 0 ) ,  R 0 ( 5 0 ) ,  X 0 ( 5 0 ) , T A P ( 5 0 ) ,  P S H I F T ( 9 ) ,  G R T E M P 0 (9 ) ,
5G IT E M P 0 ( 9 ) ,  HMAG( 9 ) 1 HANG( 9 ) ,  X ( 3 6 8 ) ,  Y ( 3 6 6 ) ,  D E L T A X ( 3 6 6 ) ,
6D ELTA Y ( 3 6 8 ) ,  TOLE ,  COMTOLE, F 2 T 0 L E ,  DEPART, P I ,  R 3 0 ,  R 80 ,  R 90 ,  
7 R 1 2 0 ,  R 3 6 0 , DR, A K 1 , A K 2 , A K 3 , P 1 , P 2 ,  EDUM1, EDUM2, EDUM3,
8 S I N 3 0 , CO S30 , E P 3 , E P 4 , E P 6 , E P 9 , Er 7 HFUND, HRMS, HDF,
9HPEAK , ACCEL

COMMON /C H A R /  BUSNAME( 2 0 ) ,  SUBNAME( 8 ) ,  BTEMPN 
COMMON / I N I G /  L IN E S ( 2 , 5 0 ) ,  KTRTYPE ( 5 0 ) ,  K S H A R (5 0 ) ,

1 N B T Y P E (2 0 )7  NBSUBT( 2 0 ) ,  N B E X T ( 2 0 ) 7  K R E N U M (20 ) ,  K T R C O N (2 0 ) ,  
2 K S H T Y P E ( 2 0 ) , N B S H F T ( 2 0 ) , NHVECT( 9 )  , NPHSEQ( 9 ) ,  N B IN T ( 1 0 0 ) ,
3MHVECT( 4 9 ) ,  I O P T ( 1 4 ) 7  NOERR, NOERMAX, MAXNB, M AXL INE ,
4MAXHAR, MBHUSE, NB , N L IN 7  N N L IN ,  N N L 1 , N N L 2 , N L IN E S ,  N P V L IN ,
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5 N P Q L IN ,  NOHAR, NH IGH ,  ITERCOM, MAXAJAC, MAXHMP, N TYPE3 , NSUBS,  
6 M X F IT E R ,  M XH ITER , NTRMAX, IS D U M 1 , ISD UM 2 ,  NSHMAX 

COMMON / L O G I /  P A T H B T S ( 2 0 ) ,  CODE3 ,  CODE47 CODES, CODE6, CODE7,
1 TRUE , FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH

RR1 = 2 . 0  *  RCONV(M)
RR4 = RCONV(M)
XX1 = 3 . 0  *  XTRCON(M) + 2 . 0  *  FCONV(M)
X X 4 = FCONV(M) + 2 . 0  *  XTRCON(M)
XX3 = XTRCON(M)
ZK3ANG ะ R90  
FC 1P R I  = 0 . 0  
LMAX = 1
I F ( « F U N D  .E Q .  2 ) LMAX = NOHAR 
DO 1 L = 1 , LMAX 
I F (N P H S E Q (L )  .EQ .  0 )GO  TO 1 
LHAR = NHVECT(L )
XX1 L = FLOAT (LHAR ) *  X X 1
XX4L  = FLOAT (LHAR ) *  XX4
XX3L  ะ FLOAT (LHAR ) *  XX3
ZK1MAG = SORT(RR1 *  RR1 + XX1L *  X X 1L )
ZK4MAG = SQRT(RR4 *  RR4 + XX4L *  X X 4L )
ZK3MAG = XX3L
ZK1ANG = ATAN2 ^XX1L ,R R 1 )
ZK4ANG = AT AN 2 (X X 4 L , RR4)
MPOS = 2 *  M + 2 *  ( L  -  1 )  *  NB 
VOLTM = X(MPOS)
ANGM = X(MPOS -  1 )  /  VOLTM + FLOAT(NPHSEQ ( L ) ) *  R30  
DMAG = VOLTM /  ZK1MAG
DANG = FLOAT (LHAR ) *  ANGL + ANGM -  ZK1ANG + P S H I F T ( L )
PS ^  F LO A T (N P H S E Q (L ) )  *  R120
FC 1P R I  = FC1PR I + F LO AT (LH AR ) *  DMAG *  (COS(DANG) + ZK4MAG /

1 ZK3MAG *  COS(DANG + ZK4ANG -  ZK3ANG + P S ) )
1 CONTINUE  

RETURN 
END
SUBROUTINE F F I N T (M , ANGL , KFUND, I S I G , KPART)
COMFLEX Y B U 3 , CMPZcRO, CMPONE
LOG ICAL  PATHBTS, C 0 D E 3 , C 0 D E 4 , CODES, C 0 0 E 6 ,  C 0D E 7 ,

1TRUE , FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  80  T I T L E ,  COMMENT 
COMMON /C O M p /  Y B U S ( 2 0 , 2 0 , 9 ) ,  CMPZERO, CMPONE 
COMMON /R E A L /  A JA C ( 3 6 6 , 3 6 6 ) ,  G R ( 2 0 , 9 ) ,  G I ( 2 0 , 9 )  , F F M A G ( 2 , 9 ) ,

1 FFANG ( 2 , 9 ) ,  P L ( 2 0 ) ,  Q L ( 2 0 ) ,  ร ( 2 0 ) ,  P G (2 0 )  Q Ç ( 2 6 ) , V ( 2 0 ) ,
2 S R C B L ( 2 0 ) ,  R C 0 N V (2 0 ) ,  F C O N V ( 2 0 ) , _ ECONV( 2 Ô ) , D ELAYÇ 2 0 ) , R T R C 0 N (2 0 ) ,  
3 X T R C 0 N ( 2 0 ) ,  C O M ( 2 0 ) , R 1 ( 5 0 ) ,  X I ( 5 0 ) ,  G 1 ( 5 0 ) ,  B 1 ( 5 0 ) ,  GO( 5 0 ) ,  
4 B O ( 5 0 )  , R 0 ( 5 0 ) , X 0 ( 5 0 ) ,  T A P ( 5 0 ) ,  P S H I F T ( 9 )  , GRTEMPO( 9 ) ,
5 G IT E M P 0 ( 9 ) ,  HMAG(9 )T  H A N G (9 ) ,  X ( 3 6 6 ) Y ( 3 é é )  , D ELTAX (ร ุ ่ธ ุ ่6 ) ,  
6 D E L T A Y ( 3 6 6 ) , TOLE ,  COMTOLE, F 2 T 0 L E ,  DEPART, P I ,  R 3 0 ,  R 6 0 ,  R 90 ,  
7 R 1 2 0 ,  R 3 6 0 , DR, A K 1 , A K 2 , A K 3 , P 1 ,  P 2 ,  EDUM1, EDUM2, EDUM3,
8 S I N 3 0 ,  COS30 , E P 3 , E P 4 ,  E P 6 , E P 9 , ER, HFUND, HRMS, H D F ,
9H PEAK , ACCEL

COMMON /C H A R /  BUSNAME( 2 0 ) ,  SUBNAME( 8 ) ,  BTEMPN 
COMMON / I N I G /  L IN E S ( 2 , 5 0 ) ,  KTRTYPE( 5 0 ) ,  K S H A R (5 0 ) , _

1NBTYPE ( 2 0 ) ,  N B S U B T ( 2 0 ) , N B E X T ( 2 0 ) ,  KRENUM( 2 0 ) ,  K T R C O N (2 0 ) ,
2KSHTYPE ( 2 0 ) 1 N B S H F T ( 2 0 ) ,  N H V E C T (9 ) ,  N P H S E Q (9 ) ,  N B IN T ( IO O ) ,  
3 M H V E C T (4 9 ) ,  I 0 P T ( 1 4 ) ,  NOERR, NOERMAX, MAXNB, M AXL INE ,
4MAXHAR, MBHUSE, NB , N L I N , N N L IN , N N L 1 , N N L2 ,  N L IN E S ,_ N P V L IN , 
5 N P Q L IN , NOHAr T NH IGH ,  ITERCOM^ MAXAJAC, MAXHMP, NTYPES , NSUBS,  
6 M X F IT E R ,  M XH ITER , NTRMAX, IS D U M 1 , ISD UM 2 ,  NSHMAX 

COMMON / L O G I /  PATHBTS( 2 0 ) ,  C0DE3 C 0 D E 4 , C0DE5 , C 0D E 6 , C 0D E 7 , 
1TRUE, FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH
DER IV  = TRUE
I F  (KPART .N E .  D D E R IV  = FALSE  
L2MAX = 1
I F ( KFUND .EQ . 2 )L 2M A X  = NOHAR -  
DO 1 L1 = 1 , NOHAR 
I F (N P H S E Q (L 1 ) .EQ .  0 )GO TO 1 
L1F  ะ: N H V E C T (U )
DO 2 L2  :  1 , L2MAX 
I F (N P H S E Q (L 2 )  .E Q .  0 )GO  TO 2 
L2F  = NHVECT( L 2 )
MCOL = 2 *  NB *  ( L 2 - 1 )  + 2 * M  
VOLTM ะ X(MCOL)
DGRDA = 0 . 0  
DGIDA = 0 . 0  
DGRDV = 0 . 0  
DGIDV = 0 . 0
I F ( L 1 F . E q I L 2 F )G 0  TO 10  
FLM = F LO A T (L 2F  -  L 1 F )
FLP = F LO A T (L 2F  + L 1 F )
ÇL = FFMAG (l | , L 2 )  /  FLM /  2 . 0  
CR = F F M A G (L 3 , L 2 )  /  FLP /  2 . 0  
AL = FLM *  ANGL + F F A N G (L 3 , L 2 )
AR = FLP *  ANGL + F F A N G (L 3 , L 2 )
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c

c

BI = FLOAT(IS IG) * ( -CL * COS(AL) 
BR รุ FLOAT(IS IG) * ( CL *  SIN CAL) 
G I(M ,L 1 )  = G I (M ,L1 )  + B I  
GR(M,L1) รุ GRCM, LI 7 + BR

CR *  COS CAR)) 
CR * S IN (A R ))

GR ( M , LI ) ะ GR (M, L1 ) +
IF ( .N O T . DERIV)GO TO 3 
DGiDA = DGIDA + FLOAT(IS IG )

1 /  VOLTM
DGIDV = DGIDV +
DGRDA = DGRDA +

1 /  VOLTM
DGRDV + BR /  VOLTM

B I /  VOLTM 
FLOATCISIG)

*  CCL * SINCAL) + CR *  SINCAR))

*  (CL *  COS(AL) -  CR *  COSCAR))
DGRDV 

3 CONTINUE 
GO TO 5 

10 DO 4 L3 1 ,2T1 = ANGL /  2 .0  *  S IN (FFANG (L3, L 2 ) )
T2 = ANGL /  2 .0  * cos(FFANG( L 3 , L 2 ) )
T3 = c o s ( 2 . 0 * FLOAT(L2F)4ANGL+FFANG( L 3 , L 2 ) ) / 4 . O /FLOAT(L2F) 
T4 = SIN ( 2 0 * FLOAT ( L2F) *ANGL+FFANG( L 3 , L 2 ) ) / 4 . O /FLOAT(L2F) 
B I ะ FLOATCISIG) * FFmAg (L37L2 ) *  CTI -  T3)
BR = FLOAT(IS IG ) *  FFMAG(L3, L2) *  (T2 -  T4)
G I(M ,L 1 ) = G ICM .L1) + B I 
GR(M ,L1) = GRCM.L1) + BR
I F ( .NOT. DERIV)GO TO 4 
DGIDA = DGIDA + FLOATCISIG)
DGIDV = DGIDV + B I /  VOLTM 
DGRDA = DGRDA + FLOATCISIG)
DGRDV = DGRDV + BR /  VOLTM 
CONTINUE
IF (.N O T . DERIV)GO TO 2
CALL ROTATE(DGRDA,DGIDA,-PSHIFTCL1))
CALL ROTATE(DGRDV, DGIDV, - rS H IF T ( L1 ) )

*  FFMAG(L3,L2) *  (T2 + T4) /  VOLTM
*  FFMAG(L3,L2) *  (-T1  -T 3 )  /  VOLTM

IFCL1 .EQ. 
I F ( L I  ; g t ; 
AJACCMROW -1/

1i1)
2 CONTINUE 
1 CONTINUE 

RETURN 
END

DMROW = 2 * 
1 )MROW = 2 * 
' 1 ,MCOL -  1)

AJACCMROW -  1 ,MCOL) 
AJAC(MROW,MCOL -  1)

1
AjAC(MROW1MCÛL)

(NB *  NOHAR + CM -  N L IN ) )
i NAJAc[MROW - \ tM C O L  -  1) + DGRDA
ะ AJACCMROW -  1 ,MCOL) + DGRDV
= AJAC(MROW,MCOL -  1) + DGIDA
= AJACCMROW,MCOL) + DGIDV 

*  2 .0  /  P I

SUBROUTINE F2END(M , AEND1 ALPHA 1KFUND)
COMPLEX YBUS, CMPZERO, CMPONE
LOGICAL PATHBTS, COOE3, C0DE4, CODEi, C0DE6, C0DE7,

1TRUE , FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  8 0  T I T L E ,  COMMENT 
COMMON /C O M P /  YBUS( 2 0 , 2 0 , 3 ) ,  CMPZERO, CMPONE 
COMMON /R E A L /  A JA C C 36 6 , 3 6 0 ) ,  G R ( 2 0 , 9 ) ,  G I ( 2 0 , 9 ) ,  FFMAG( 2 , 9 ) 1 

1FFANG( 2 , 9 ) ,  P L C 2 0 ) , Q L C 2 Û ) , 3 ( 2 0 ) ,  P G ( 2 0 ) ,  Q G ( 2 0 ) ,  V ( 2 0 ) ,  
2S R C B L C 2 0 ) ,  RCONV( 2 0 ) ,  FCONV( 2 0 ) 1 E C 0 N V C 2 0 ) , D E L A Y ( 2 0 ) 7  RTRCON( 2 0 ) ,  
3 X T R C 0N C 20 ) ,  C 0 M ( 2 0 ) ,  R 1 ( 5 0 ) ,  X I ( 5 0 ) ,  G 1 ( 5 0 ) ,  B 1 ( 5 0 ) ,  G 0 ( 5 0 ) ,  
4 8 0 ( 5 0 )  R 0 ( 5 0 ) ,  X 0 ( 5 0 ) ,  T A P ( 5 0 )  , P S H IF T ( 9 )  , G R T E M P 0 (9 ) ,
5 G I T E M P 0 O ) ,  H M A G (S ) , r i A N G O ) ,  X ( 3 6 6 ) ,  Y ( 3 6 6 ) ,  D E L T A X ( 3 6 6 ) ,  
5 D E L T A Y ( 3 6 6 ) , TOLE ,  COMTOLE, F 2 T 0 L E ,  DEPART, P I ,  R3C , RSC, R9C ,  
7 R 1 2 0 ,  R 3 8 0 ,  DR, A K 1 , A K 2 , A K 3 , P 1 ,  P 2 ,  EDUM1 ,  EDUM2, EDUM3,
8S IN 30 , COS30 , EP3, EP4, EP0, EP9, ER, HFUND, HRMS, HDF ,
9HPEAK, ACCEL
COMMON /CHAR/ BUSNAME(2 0 ) ,  SUBNAME( 6 ) ,  BTEMPN 
COMMON / IN IG /  LINES( 2 ,5 0 ) ,  KTRTYPE(50), KSHAR(50),

1NBTYPE(20)7 NBSUBT(20), N8EXT(20)7 KRENUM(20), KTRCON(20),
2KSHTYPE(2 0 ) ,  NBSHFT(2 0 ) ,  NHVECT(9), NPHSEQO), NBINT(1 0 0 ) ,
3MHVECT(4 9 ) ,  IO PT (14)7  NOERR, NOERMAX, MAXNB, MAXLINE,4MAXHAR, MBHUSE, NB, N LIN , N N LIN , NNL1, NNL2, N LIN ES, NPVLIN , 5NPQLIN, NOHAR7 NHIGH, ITERC0M7~MAXAJAC, MAXHMP7 NTYPES , NSUBS, 6M XFITER, MXHITER, NTRMAX7 I3DUM1, ISDUM2, NSHMAX COMMON /L O G I/ PATHBTS( 2 0 ) ,  CODE3, CODE47 C0DE5, CODES, CODE7,
1TRUE, FALSE, TERMINAL, CSWING, CONV, ZOURCE, GPATH
EDUM2 = ALPHA *  DR 
EDUM3 = AEND » DR 
ISDUM1 = NBEXT(M)

1 CHECK = AMP2(M,AEND,ALPHA,KFUND)
IF(CHECK .GT7 0.0)GO  to  5 
AEND = AEND -  STEP 
IF(AEND .GE. ALPHA)GO TO 1 
CALL ERR0R(50)
GO TO 20

5 ITER = 0
6 AEND = AEND -  CHECK /  (P2 *  AK3 *  EXP(P2 *  (AEND -  ALPHA))

1 + FA2PRKM,AEND,KFUND))
EDUM1 ะ (AEND -  ALPHA) *  DR 
ITER = ITER + 1



ISDUM2 ะ ITER
CHECK ะ AMP2(M , AEND, A LPH A , KFUND)
I F ( I O P T ( 9 ) .H E .  0 )WRITE  ( * , 1 O O O ) I3D U M 1 , KFUND, IS D U M 2 , EDUM1, EDUM2 

1 , EDUM3(CHECK
I F ( ABS(CHECK) . L T .  F2TOLE )GO  TO 10  
I F ( I T E R  . L T .  10 )GO TO 6 
EDUM2 ะ CHECK 
CALL ERROR( 5 1 )

10 I F (A E N D  .GE . ALPHA .AND .  AEND . L E .  ALPHA + R60)RETURN  
CALL MESSAGE( ร )
I F (A E N D  .GT7 ALPHA + R60 )AEND  = ALPHA + R60  
I F (A E N D  . L T .  ALPHA)AEND = ALPHA

20  WRITE ( * , 1 0 0 2 ) ISDUM1 
DO 21 LHAR = i .NO HAR
MPOS = 2 *  M + 2 *  (LHAR -  1 )  *  NB 
VOLTM = X(MPOS)
ANGM = X(MPOS -  1 )  /  VOLTM *  DR 
WRITE ( * , 1 0 0 4 )N H V E C T (L H A R ) ,V O L T M ,A N G M

21 CONTINUE  
RETURN

1 0 0 0  F O R M A T ( /1 X , ’ F2END ’ , 3 1 5 , 6 F 1 2 . ธ )
1 0 0 2  F O R M A T ( / 1 X , ’ DUE TO APPARENT PROBLEMS IN  THE SOLUTION FOR T H E ’

1 ,  ’ END OF PERIOD 2 AT BUS ' , 1 5 ,  • 1 THE A P P L IE D •VOLTAGES ARE ’
2 ,  ’ L I S T E D . ’ / 1 X , ’ HARMONIC ’ , 5 X , 'V O L T A G E  MAGNITUDE ’ , 5 X , ’ VOLTAGE ’
3 ,  ’ ANGLE’ )

1 0 04  FORMAT( 1 X , 1 8 , 2 P F 2 2 . 4 , OPF1 8 . 2 )
END
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SUBROUTINE HARBUILD  
COMPLEX Y B U S .C M P Z E R O ,  CMPONE
LOG ICAL PATHBTS, CODE3, CODE4, CODES, CODES, CODE7,

1TRUE , FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH
r W û B û r . T P O  *  9  q | | D k j A U p

CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  80  T I T L E ,  COMMENT 
COMMON /COM P / YBUS ( 2 0 , 2 0 , 9 ) ,  CMPZERO, CMPONE 
COMMON /R E A L /  A JA C ( 3 6 6 , 3 6 6 ) ;  G R ( 2 0 , 9 ) ,  G I ( 2 0 , 9 ) ,  FFMAG( 2 , 9 ) ,  

1 F F A N G (2 , 9 ) ,  P L ( 2 0 ) , Q L | 2 0 ) , ร ( 2 0 ) , ' PG ( 2 0 )  Q G { 2 0 ) , V ( 2 0 ) ,
2SRCBL( 2 0 ) ,  RCONV(2 0 ) ,  FCONV(20), EC0NV(20), DELAY(20 )7  RTRC0N(20),  
3XTRCON(20), _C0M (20); _R1(50 )  X I ( 5 0 ) ;  G 1 (5 0 ) ,  B 1 (5 0 ) ,  G 0 (50 ) ,  
4BO(50) R 0 (5 0 ) ,  XO (oO ), T A P (5 0 ) ,  P SH IFT (9 ) ,  GRTEMPO(9 ) ;
5G IT E M P O (9 )  HMAG( 9 ) ,  HANG( 9 ) ,  X ( 3 6 6 ) ,  Y ( 3 6 6 ) 7  D E L T A X ( 3 8 8 ) ,  
6 D E L T A Y ( 3 6 6 ) , TO LE ,  COMTOLE, F 2 T 0 L E ,  d e p a r t ;  P l 7  R 30 ,  R 6 0 ,  R 90 ,  
7 R 1 2 0 ,  R 3 6 0 , DR, A K 1 , A K 2 , A K 3 , P I ,  P 2 ;  EDUM1, ÉDUM2; EDUM3,
8 S I N 3 0 ,  COS30 , E P 3 , E P 4 , E P 6 , É P 9 ,  ER7 HFUND, HRMS, HDF,
9HPEAK ; ACCEL

COMMON /C H A R /  B U S N A M E (2 0 ) ,  SUBNAME( 6 ) ,  BTEMPN 
COMMON / I N I Q /  L IN E S ( 2  ; 5 0 ) ,  KTRTYPE( 5 0 ) ,  K S H A R (5 0 ) ,1NBTYPE( 2 0 ) ,  N B S U B T (2 0 ) ,  N B EXT(20)7  K R E N U M (2 0 ) ; K T R C 0 N (2 0 ) ,

2KSHTYPE ( 2 0 ) ,  NBSHFT( 2 0 ) ,  N H V E C T (9 ) ,  N P H S E Q (9 ) ; N B IN T ( 1 0 0 ) ;
3MHVECT ( 4 9 ) 1 I 0 P T ( 1 4 ) ,  NOERR, NOERMAX, MAXNB , m a x l in e ;
4MAXHAR; MBHUSE, NB , N L I N , N N L IN ;  N N L1 , N N L2 ,  N L IN E S ,  N P V L IN ,  
5 N P Q L IN ; NOHAR, N H IG H ,  ITER CO M , MAXAJAC , MAXHMp T NTYPES, NSUBS,  
6M X F ITE R ,  M XH ITER ,  NTRMAx T IS D U M 1 , IS D U M 2 , NSHMAX 

COMMON / L O G I /  P A T H B T S ( 2 0 ) ,  C 0 D E 3 , C 0D E 4 ; CODE5 ,  CODES, C 0D E 7 , 
1TRUE, FALSE ,  t e r m in a l ; CSWING, CONV, ZOURCE, GPATH

503  
502

505
.5 20

521
504

508
507

508

509

51 0  
55 0

511

10 00

■ NE. 0 )  RETURN
; ë q ; 1 ) GO TO 504
; ë q : 0 ) GO TO 502
; é q ; 1 ) GO TO 52 0

2 ,MAXHAR

9 . M Û X H Û R  
NHVECT( L 2 - 1 ) 
-KADD

2.MAXHAR  
N H V E C T (L 2 - 1 ) 
-KADD

+ 3 + KADD

+ 6 + KADD

NHVECT(1 )  = 1 NHIGH ะะ 1 NOHAR ะ 1 NPHSEQd) = 1 IF ( IO P T (1 )
I F  (MAXHAR 
I F ( I O P T ( 2 )
I F ( I O P T ( 2 )
DO 503  L I  
N H V E C T (L I )
GO TO 504  
KADD ะ 1 
DO 505  L2  
N H VEC T (L 2 )
KADD
CONTINUE  
GO TO 504  
KADD ะ 4 
DO 521 L2  
N H VEC T (L2 )
KADD 
CONTINUE
I F  ( I O P T ( 3 )  .G T .  NHVECT(MAXHAR) )  CALL ERROR(24 )  
NHIGH = I O P T ( 3 )
I F (N H IG H  . L T .  1 )  NHIGH = NHVECT(MAXHAR)
I F  (MAXHAR 7eQ. 1 )  C-0 TO 5 5 0  
NOHAR = 1
DO 508  น  = 2 , MAXHAR
I F (N H V E C T ( L 1 ) . gY .  NH IG H ) GO T r  , 0 7
NOHAR ะ NOHAR + 1
NPHSEQM) ะ 1
IF (NOHAR  .EQ .  1 )  GO TO 5 5 0  
L I  = 0
DO 5 1 0  L3 ะ 2 , MAXHAR 
NPHSEQ (L3 )  ะ 1 
I F ( I O P T ( 2 )  . L E .  1 
N P H S E Q ( i i )  ะ 0
I F ( I 0 P T ( 2 )  .G E .  2 .AND .  L1 
I F ( I 0 P T ( 2 )  . L E .  1 .AN D .  L2
I F ( L 1  .EQ .  3 )  L1 = 0

CONTINUE
ISDUM1 = NHVECT(MAXHAR)
I F ( ISDUM1 .G T ;  MAXHMP) c a l l  ERROR(65 )
DO 511 L1 = 1 .MAXHAR 
MHVECT(NHVECT(L1 ) )  ะ L1 
CONTINUE
I F ( I O P T ( 9 )  .E Q .  0 ) RETURN 
WRITE ( * , iooo)nhigh7nohar,maxhar 
F 0 R M A T ( / 1 X , ’ H A R B U IL D ’ , 2 0 1 5 )
WRITE ( *  ,1 000 )N P H S E Q  
WRITE ( * ;  1 0 0 0 ) NHVECT 
WRITE ( * ; 1 0 0 0 )M H V E C T  
RETURN 
END

OR. L1 .N E .  0 ) G 0  TO 508

EQ. 1)NPHSEQ(L3) = - 
EQa -1)NPHSEQ( L 3 )  =

1-1

c
SUBROUTINE HARSTART( KUP)



COMPLEX YB 
LOG ICAL PV ,PS
m u  P I FY  V R II^  r .M P 7 F D n  r u p n u F
LOG ICAL PATHBTS, C0DE3 ,  C 0D E 4 ,  CODES, CODES, C0DE7 ,

1TRUE , FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  80  T I T L E ,  COMMENT 
COMMON /COM P / Y BUS( 2 0 , 2 0 , 9 ) ,  CMPZERO, CMPONE 
COMMON /R E A L /  A JA C ( 3 6 6 , 3 6 6 ) 1 G R ( 2 0 , 9 ) ,  G I ( 2 0 , 9 ) ,  FFMAG( 2 , 9 ) ,

1FFANG( 2 ,  9 ) , P L ( 2 0 ) ,  Q L ( 2 0 ) ,  ร ( 2 0 ) 7  P G ( 2 0 ) ,  Q G ( 2 0 ) , V ( 2 0 ) ,
2SRCBL ( 2 0 )  , RCONV( 2 0 ) ,  FCONV( 2 0 )  , E C 0 N V ( 2 0 ) , D ELAY ( 2 0 ) 7  R T R C O N (2 0 ) ,  
3 X T R C 0 N ( 2 0 ) ,  C O M ( 2 0 ) ; R 1 ( 5 0 ) ,  X I ( 5 0 ) ,  G j ( 5 0 ) , B 1 ( 5 0 ) ,  G 0 ( 5 0 ) ,
4 BO ( 5 0 ) ,  R 0 ( 5 0 ) , X 0 ( 5 0 ) ,  T A P ( 5 0 ) ,  P S H I F T ( 9 ) ,  G R T E M P 0 (9 ) , 
5 G IT E M P O O ) ,  H M A G (9 ) ,  HANG( 9 ) ,  X ( 3 6 6 ) ,  Y ( 3 6 6 ) ,  D E L T A X ( 3 6 6 ) ,
6D E LTA Y ( 3 6 6 ) ,  TO LÉ i COMTOLE, F 2 T O L E , DEPART, P I ,  R 3 0 ,  R 6 0 ,  R 9 0 ,  
7 R 1 2 0 ,  R 3 8 0 , DR, AK1 , AK27 AK37 P I  7 P27 EDUM1, EDUM2, EDUM3,
8 S I N 3 0 ,  CO S30 , E P 3 , E P 4 ,  E P 6 ,  E P 9 ,  ER , HFUND, HRMS, HDF ,
9HPEAK, ACCEL

COMMON /C H A R /  B U S N A M E (2 0 ) ,  SUBNAME( 6 ) ,  BTEMPN 
COMMON / I N I G /  L IN E S ( 2 , 5 0 ) ,  KTRTYPE( 5 0 ) ,  K S H A R ( 5 0 ) ,

1NBTYPE ( 2 0 ) ,  NBSUBT( 2 0 ) 1 N B E X T ( 2 0 ) 7  K R E N U M (2 0 ) , K T R C O N (2 0 ) ,
2KSHTYPE ( 2 0 ) ,  NBSHFT( 2 0 ) ,  N H V E C T (9 ) ,  N P H 3 E Q (9 ) ,  N B I N T ( I O O ) ,  
3 M H V E C T (4 9 ) , I O P T ( 1 4 ) 7  NOERR, NOERMAX, MAXNB, M AXL INE ,
4MAXHAR, MBHUSE, NB, N L I N , N N L IN , N N L 1 , N N L 2 , N L IN E S , N P V L IN , 
5N P Q L IN ,  NOHAr 7 N H IG H , ITERC0M7 MAXAJAC, MAXHMP, NTYPES , NSUB3,  
6M XF ITER ,  M XH ITER , NTRMAX, IS D U M 1 , ISDUM 2 ,  NSHMAX 
COMMON / L O G I /  P A T H B T S ( 2 0 ) ,  C 0 D E 3 , CODE4, C 0D E5 ,  CODE6 1 C 0 D E 7 , 

1TRUE, FALSE7 t e r m i n a l , CSWING, CONV, ZOURCE, GPATH

D H F L A T  = 1 . 0 E - 0 1  
3 )HFLAT  = 1 . 0 E - 0 3  
4 )H F LA T  = i ; 0 E - 0 4

N B S U B T (K 1 )

I F ( KUP .N E .  0 )G 0  TO 8 
HFLAT = 1 7 0 E -2  
I F ( I O P T ( 7 )  7EQ.
I F ( I O P T ( 7 )  !EQ.
I F ( I O P T ( 7 )  iE Q .
DO 1 K1 = 1 ,NB  
FLAT  = 1 . 0  
I F ( V ( K 1 ) . L T .  E P 6 ) V (K 1 )  ะ 
I F (N B S U B T (K 1 ) 7EQ. 1 .OR .
X ( K 3 )  = F LA TK*  N BSH FT (K1 )  *  R30

1 X ( K3 + 1 )  = FLAT  
I F ( I O P T ( 1 )  .N E .  0  .OR .  NOHAR
S H I F T ^ 1 = N B S H FT (K 1 ) *  R30  n r i  o  V O  — o  ม r t u f ip
K3 = 2 * K l ' -  1 + 2 *  (K 2  -  1 )  *  NB 
X ( K 3 ) ะ NPHSEQ(K2) *  HFLAT  *  S H IF T

2 X (K 3  + 1 )  = HFLAT  
8 KCHECK = 0

DO 3 K1 = 1 ,NB  
ITY P E  = N B T Y P E (K I )
IS U B  = NBSU BT (K1 )
I F ( I T Y P E  ^N e T Ç)GO TO 5

P G (K 1 ) -  P L ( K 1 )
Q G (K 1 ) -  Q L ( K 1 )

.E Q .  2 ) F LAT ะ V ( K 1 )

EQ. 1 )G 0  TO 8

Y ( K 3 )
Y(K3'+ 1)

IF (K C H E C K  .EQ .  0 )C A L L  P G H E A D O )  
KCHECK + 1 
X (2  *  K1 )

KCHECK 
VOLTS
GO TO ( 1 0 , 2 0 )  , ITY P E

10  Y ( K 3 )  = - P L  ( K1 )
I F ( I S U B  .N E .  3 )G 0  TO 11 
y V K 3 _ + ~ 1 ) = - Q L ( K 1 )

11 I F ( I S U B  .N E .  4 )G 0  TO 12  
P2 ะ Y ( K 3 ) * * 2Q2 = (S ( K l ) *  3 .0  /  P I )4 -2  -  P2 IF (Q 2  7ÈT .  0 . 0)Q2 = 0 .0  Y (K3 + 1 )  = -SQRT(Q2)
Q L ( K 1 ) ะ - Y ( K 3  + 1)

12 ANG = (D E L A Y (K 1 ) + C 0 M (K 1 )  /  2 . 0 )  *  DR 
I F ( ANG . GT. 8 0 . 0  .AND .  ANG . L T .  1 0 0 .0 )A N G  ะ 8 0 . 0

- A B S ( Y ( K 3 ) *  S I N ( ANG) /  C O S (AN G ))  
- Y ( K 3  + 1)

ANG ะ ANG Y(K3 + 1) QL(K1 )
GO TO 16 15 DELAY(Kl) 
I F ( P L ( K 1 )* 1 .GT. EP6)DELAY(K1) = ATAN2 (QL(K1 ) ,PL(K1 ) )
IF (KUP .NE. 0 ) DELAY(K l) = DELAY(K1) -  COM(KI) /  2 .0  
IF (D ELAY (K l)  .L t 7 67ç )ÔELAY(K1) = 0 . 0  

16 RCONV(K1) = 1 .0  /  EP8
IF (P L (K 1 ) .L T . EP6)GO TO 7
ANG ะ DELAY(K1) + COM(KI) /  2 .0
VB2 = l7 o  + 3 .0  *  SQRT(3 .0 )  /  2 .0  / P I
IF(ANG ! l E. R80)V2 = 1 .0  + 3 .0  *  SQRT(3 .0) /  2 .0  /  P I *  

1 COS(2 .0  *  ANG)
IF(ANG .GT. R60)V2 ะ 2 .0  -  3 .0  / P I  *  (ANG +
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1 S I N ( 2 . 0  *  ANG -  R 60 )  / 2 . 0 )
R C 0N V (K 1 )  = V2  /  VB2 /  P L ( K 1 )  *  VOLTS *  VOLTS

2 0  I F f I S U B  .EQ .  6 ) GO TO 23  
Y ( K 3 )  = P G (K 1 ) -  P L ( K 1 )
I F ( I 3 U B  .N E .  3 )G0 TO 21
Y ( K3 + 1 )  = Q G (k 1 )  -  Q L ( K 1 )

21 I F f I S U B  .N E .  4 )G 0  TO 22

Q2 -  I s ( K 1 ) * *  3 . 0  /  P I ) * * 2  -  P2 
I F ( Q 2  7 l T .  0 . 0 ) Q2 = o 7 o
Y (K 3  + 1 )  = -S O R T (Q 2 )
I F  ( Y ( K 3 )  .G T .  0 . 0 ) Q G ( K 1 ) .  = Y ( K 3  + 1 )
Ï F ( Y ( K 3 )  . L E .  0 . 0 ) Q L ( K 1 ) = - Y ( K 3  + 1 )

2 2  ANG = (D E L A Y fK D  + COM (K1 ) /  2 . 0 )  *  DR
I F ( A N G ' .G T .  8 0 . 0  .AND . ANG . L T .  1 0 0 .0 )A N G  ะ BO.O
Y ( K 3 = + 1 )  = - A B S ( Y ( K 3 ) *  S IN (A N G )  /  C O S (AN G ))
I F ( Y ( K 3 )  .G T .  o 7 o )Q G (K 1 )  = Y ( K 3  + 1)
I F ( Y ( K 3 )  ! l e ! 0 . 0 ) Q L ( K1 ) = - Y ( K 3  + 1 )

25  D E L A Y fK D  = A T A N 2 ( - Y ( K3 + 1 ) , - Y ( K 3 ) )
I F (K U P  .N E .  0 ) D E LA Y (K 1 ) = D E L A Y fK D  -  CO M (K1 ) /  2 . 0  
IF (D E L A Y (K 1) .Lt 7 O .O ) D E L A Y ( K I )  = 0 . 0

26  ANG = D E L A Y fK D  + C O M (K I )  /  2 . 0  
AMAX ะ ANG + R120
I F ( Y ( K 3 )  . L E .  o 7o . a n d . ANG .G T .  R60)AMAX = P I
I F ( Y ( K 3 ) .G T !  o i o  .a n d ! ANG 7gT. P I )A M A X  = P I  + R120
VAVG = 3 . 0  / P I  *  (COS(ANG + R 60 )  -  CO S (AM AX ))
VAVG = VAVG *  VOLTS 
E C O N V fK D  = 0 . 0
I F ( A B S fV A V G )  .G T .  E P 6 ) ECONV( K1)=VAVG + Y ( K 3 )  *  RCONV(K1) /  VAVG

23  ANG = D E L A Y fK D  + C O M fK D  /  2 . 0  
AMAX ะ ANG + R120
I F (E C O N V ( K D  .GË7 0 . 0  .A N D .  ANG .G T .  R60 )AMAX = P I
I F ( E C O N V f K I ) . L T .  0 . 0  .AND .  ANG .G T .  P I )  AMAX ะ P I  + R120
VAVG = 3 . 0  / P I  *  (COS(ANG + R 6 0 )  -  C O S (AM AX ))
VAVG ะ VAVG *  VOLTS
CURENT = (VAVG -  E C O N V fK D )  /  RCONV(K1)
Y ( K 3 )  ะ: -CURENT *  (CURENT *  RCONV(K1 ) + E C O N V fK D  )
I F fA N G  .G T .  8 0 . 0  .AND . ANG . L T .  1 0 0 .0 )A N G  = 8 0 . 0Y(K3=+ 1) = - A B S (Y(K3) * S I N (ANG) / C O S (AN G ))
I F ( Y ( K 3 )  . L T .  o 7 o )G O  t o  6 
P G (K i  ) ะ: Y ( K 3 )
Q Ç f K D  = Y (K 3  + 1 )

6 ร ุ ( ฐ , 7 a -Y Ç K 3 )
QLCK1 ) = -YCK3  + D

7 ANGLE ะ D E L A Y fK D  *  DR
WRITE ( * , 1 0 0 0 ) N B E X T ( K 1 ) ,  B U S N A M E (K I ) ,  S U B N A M E (N B S U B T (K D ) /  P G ( K 1 ) ,  

1 Q G (K 1 ) ,  P L ( K 1 ) ,  Q L ( K 1 ) ,  ANGLE, R C O N V (K D ,  EC 0N V (K 1 )
I F ( I T Y P E  7e Q. 2 'a n d. Y ( K 3 )  T u t . 0 . 0  .AND .  E C O N V (K D  - L T .  0 . 0 )  

1CALL MESSAGE(7 )
I F ( I T Y P E  .E Q .  2 .AND .  Y ( K 3 )  .G T .  0 . 0  .AND .  E C O N V fK D  .G T .  0 . 0 )  

1CALL MESSAGE( 8 )
3 CONTINUE

WRITE ( * , 1 0 0 2 )
1002 F0RMAT(/ix7’END OF STARTING ESTIMATES’)

RETURN
1 0 0 0  F O R M A T ( 1 X , I 4 , 2 X , A 1 2 , 2 X , A 4 , 2 P F 1 0 . 2 , 3 F 1 0 . 2 , O P F 1 0 . 2 , 2 P F 1 0 . 2 ,

1F 1 0 . 2 , OPF1 0 . 4 )
END
SUBROUTINE HARSTAT
r n w p i  PY r .M D 7 P 0 n  rM POKJF
LOG ICAL  PATHBTS1 CODE3 ,  C 0D E 4 ,  CODE5 ,  CODES, C 0 D E 7 ,

1TRUE, FA LS E ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  8 0  T I T L E ,  COMMENT 
COMMON /C O M P /  YBUS( 2 0 , 2 0 , 9 ) ,  CMPZERO, CMPONE 
COMMON /R E A L /  A JA C ( 3 6 6 7 3 6 6 ) ,  G R ( 2 0 , 9 ) ,  G I ( 2 0 , 9 ) , F F M A G ( 2 , 9 ) ,
1FFANG( 2 , 9 ) ,  P L ( 2 0 ) ,  Q L ( 2 0 ) , ร ( 2 0 ) ,  P G ( 2 0 ) , Q G ( 2 0 ) , V ( 2 0 ) ,  _
2SR C BL ( 2 0 ) 1 RCONV( 2 0 ) 7  FCONV( 2 0 ) 7 _ ECONV( 2 Ô ) , D ELAY ( 2 0 ) 7 _ RTRCON( 2 0 ) ,  
3 X T R C O N (2 0 ) ,  C O M ( 2 0 ) , R 1 ( 5 0 ) ,  X I ( 5 0 ) ,  G 1 ( 5 0 ) ,  B 1 ( 5 0 ) , _ G 0 ( 5 0 ) , 
4 B O ( 5 0 ) , R 0 ( 5 0 ) ,  X 0 ( 5 0 ) ,  T A P ( 5 0 ) ,  P S H IF T ( 9 ) 7  GRTEMPÔ( 9 ) ,  
5 G I T E M P 0 O ) ,  H M A G (9 ) ,  HANG ( 9  ) , X ( 3 6 6  ) , Y ( 3 è é ) , D E L T A X  (ร ุ ่ร ุ ่ 6 ) ,
8D E LTA Y ( 3 8 6 ) ,  T O LE ,  COMTOLE, F 2 T 0 L E ,  DEPART, P I ,  R 3 0 ,  R 6 0 ,  R 90 ,  
7 R 1 2 0 ,  R 3 6 0 , Dr7 AKi7 AK27  AK37 P I 7 P27 EDUM1, EDUM2, EDUM3,
8 S I N 3 0 ,  C 0 S 3 0 ,  EPS , É P 4 ,  E P 6 , EPS , ER , HFUND, HRMS, HDF ,
9HPEAK , ACCEL

COMMON /C H A R /  B U S N A M E (2 0 ) ,  SUBNAME( ธ ) ,  BTEMPN 
COMMON / I N I G /  L IN E S ( 2 , 5 0 ) 7  K T R T Y P E (5 Ô ) , K S H A R (5 0 ) ,

1NBTYPE ( 2 0 ) 7  NBSUBT( 2 0 ) 7  N B E X T ( 2 0 ) 7  K R E N U M (2 0 )7 K T R C 0 N (2 0 ) ,  
2 K S H T Y P E ( 2 0 ) , N B S H F T ( 2 0 ) , N H V E C T (9 ) ,  NPHSEQ (9 )7  N B IN T ( 1 0 0 ) 7
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3MHVECT( 4 9 ) ,  I 0 P T ( 1 4 ) ,  NOERR, NOERMAX, MAXNB, M AX L INE ,
4MAXHAR, MBHUSE, NB, N L I N ,  NNLIN .7 NNL1 , N N L 2 , N L IN E S ,  N P V L IN ,  
5NPQLIN , NOHAR, N H IG H , ITERCOM , MAXAJAC, MAXHMPT NTYPES, NSUB3 , 
6 M X F IT E R , M X H I lE R ,  NTRMAX7 IS D U M 1 , IS D U M 2 , NSHMAX 

COMMON / L O G I /  P A T H B T S ( 2 0 ) ,  CODE3, CODENT CODE5 ,  CODE6, CODE7, 
1TRUE, FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH
HFUND = HMAG( 1 )
HRMS = HFUND *  HFUND
DO 2 LHAR = 2 , NOHAR
HDF = HDF + HMAG(LHAR) *  HMAG(LHAR)

2 CONTINUE
HRMS = SORT(HRM3 + HDF)
HDF = SORT(HDF) /  HRMS 
N3TEPS = 36  *  NHVECT(NOHAR)
DSTEP ะ P I  /  F LO AT (NSTEP3 )
HPEAK = 0 . 0
DO 3 JS  = 1 ,NSTEPS
DEG = F LO A T ( JS )  *  DSTEP
DO 4 LHAR = 1 1NOHAR
HH . = HH + HMAG( LHAR) *  S IN (F L O A T (N H V E C T (L H A R ) ) *  DEG 

1 + H A N G (LH A R ))
4 CONTINUE

I เ ท PEAK)HPEAK -  HH
3 CONTINUE  

RETURN
; END

SUBROUTINE JAB U ILD (K F U N D )('.กนPI CY VR
LOGICAL- PV
COMPLEX YBUS, CMPZERO, CMPONE
LOG ICAL  PATHBTS, CODE3, CODE4 ,  CODE5 1 CODES, CODE7,

1TRUE, FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  80  T I T L E ,  COMMENT 
COMMON /C OM P / YBUS( 2 0 , 2 0 , 9 ) ,  CMPZERO, CMPONE 
COMMON /R E A L /  A J A C ( 3 6 6 7 3 6 6 ) , G R ( 2 0 , 9 ) ,  G I ( 2 0 , 9 ) ,  FFMAG( 2 , 9 ) 1 

1FFANG( 2 , 9 ) ,  P L { 2 0 ) , Q L ( 2 0 ) ,  ร ( 2 0 ) ,  P G ( 2 0 ) , Q G ( 2 0 ) ,  V ( 2 0 ) ,  
2 S R C B L ( 2 0 ) ,  R C O N V (2 0 ) , FCONV( 2 0 )  , ECONV( 2 0 ) ,  D ELAY ( 2 0 )  , R T R C O N (2 0 ) ,  
3 X T R C 0 N ( 2 0 ) ,  C 0 M ( 2 0 ) ,  R 1 ( 5 0 ) ,  x i ( 5 0 ) ,  G 1 ( 5 0 ) ,  B 1 ( 5 0 > ,  G 0 ( 5 0 ) , 
4 B 0 ( 5 0 ) , RO( 5 0 ) ,  X 0 ( 5 0 ) , T A P ( 5 0 )  , P 3 H I F T ( 9 )  , G R T E M P 0 (9 ) , 
5 G IT E M P 0 ( 9 ) ,  HMAG( 9 ) ,  HANG( 9 ) 1 X ( 3 6 6 ) , Y ( 3 6 6 ) , D E L T A X ( 3 6 8 ) ,
6DELTAY(3 6 6 )1 TOLE, COMTOLE, F2T0LE, DEPART, P I ,  R30, R60, RSO, 
7R120, R360, DR, AK1, AK27 AK3, P 1 , P 2 , EDUM1, EDUM2, EDUM3,
8 S I N 3 0 , COS30 , EP3 ,  E P 4 , E P 6 ,  E P 9 ,  ER, HFUND, HRMS, HDF,
9HPEAK , ACCEL

COMMON /C H A R /  B U 3 N A M E (2 0 ) ,  3 U B N A M E (6 ) ,  BTEMPN 
COMMON / I N I G /  L IN E S ( 2 , 5 0 ) ,  KTRTYPE (5 0 ) I ,  KSHAR( 5 0 ) ,

1 N B T Y P E (2 0 )7  N B S U B T (2 0 ) ,  N B E X T ( 2 0 ) 7  KRENUM( 2 0 ) ,  KTRCON( 2 0 ) ,
2K3HTYPE ( 2 0 )  ,  N B 3 H F T (2 0 )  , NHVECT ( 9 )  , N P H 3 E Q O )  , N B IN T ( 1 0 0 )  j 
3MHVECT( 4 9 ) ,  I O P T ( 1 4 ) 7  NOERR, NOERMAX, MAXNB, M AX L INE ,
4MAXHAR, MBHUSE, NB , N L IN T  N N L IN ,  N N L 1 , N N L2 ,  N L IN E S ,  N P V L IN ,  
5N P Q L IN , NOHAR, NH IGH ,  ITERCOM , MAXAJAC, MAXHMP, NTYPES, NSUBS,  
SMXF ITER ,  M XH ITER , NTRMAx T IS D U M 1 , ISDUM 2 ,  NSHMAX 

COMMON / L O G I /  PATHBTS( 2 0 ) 1 CODE3 ,  C 0DE4 ,  CODES, C 0DE6 ,  C 0D E 7 ,
1TRUE , FALSER TERM INAL ,  CSWING, CONV, ZOURCE, GPATH

IF (K F U N D  .E Q .  2 )LMAX  = NOHAR
IF (K F U N D  ; e q ; 1 7oR. I 0 P T ( 1 4 )  .N E .  0 )LM AX  = 1
DO 3 L1 = I ^LM AX
I F ( L 1  .EQ .  1 ) K1MIN = 2
I F ( L 1  .G T .  1 ) K1MIN = N L IN  + 1
D0_1 K1 = K 1M IN ,NB
K3P0S = 2 *  K1 + 2 *  (L 1  -  1 )  *  NB
V0LTK1 = X (K 3P 0S )
ANGK1 = X (K 3P0S  -  D / V 0 L T K 1
YB = Y B U S ( K 1 , K 1 , L 1 )
YMAG = CABS (YB )
YANG = ATAN2 { A IM A G ( Y B ) , D B L E ( Y B ) )
A JA C ( K 1p os  -  i 7 k 3POS) = 2 . 0  *  V0LTK1 *  YMAG *  COS (-YANG )
A JAC (K1P0S  , K 3P 0 3 )  = 2 ^ 0  *  V0LTK1 *  YMAG *  S IN ( -Y A N G )
IF (N B S U B T ( K 1 ) .EQ .  1 .OR .  N B S U B T (K 1 ) .E Q .  2 )P V  = TRUE
I F ( P V  [ a n d . L1 7 e q . 1 )A J A C (K 1 P 0 S ,K 3 P 0 S )  = 1 . 0
I F ( P V  [ a n d ; L1 ! n e [ 1 )A J A C (K 1 P 0 S ,K 3 P 0 S )  = 0 . 0
DO 10 K2 = 1 7 n B
I F ( K 1  .EQ .  K 2 )G 0  TO 10
YB = YBUS( K l , K 2 , L 1 )
YMAG = CABS (YB )
IF (YM AG  . L T 7  EP 6 )G 0  TO 10
YANG ะ ATAN 2 ( A I M A G ( Y B ) ,D B L E (Y B ) )
K2P0S = 2 *  K2 + 2  *  ( L I  -  1 )  *  NB 
V0LTK2  = X ( K 2P0S )
ANGK2 = X ( K2P0S -  1 )  /  V 0LTK2
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c

c

ANGT = ANGK1 -  ANGK2 AJAC( K1POS -  1 , K2POS -  AJAC( K1POS -  1 , K2POS) IF (P V )  GO TO 11 AJAC( K1P031K2POS -  1) AJAC( K1POS, K2POS)

-  YANG
1 )  = VOLTK1 *  YHAG 

= VOLTK1 *  YMAG
*  S IN (A N G T )
*  COS(ANGT)

11 A J A C ( K1POS -  1 , K3POS -  1 )
A J AC ( K1POS -  1 , K3POS)
I F ( P V )  GO TO 10  
A J A C ( K1POS , K3P0S -  1 )

AJ AC ( K1POS , K 3P0S )
10 CONTINUE  

1 CONTINUE  
3 CONTINUE  

I F (K F U N D  
DO 20  L I  
I F  ( L I  
I F ( L 1 
DO 21 
I F  (L1  
I F  ( L I

A JA C ( K1POS -  1 , K2P0S )
= A JA C (K 1P 0S  -  1 , K 2 P 0 S -  1 )

AJ AC ( K 1POS - 1.K3P0S -  1 )  -  
V0LTK2 * YMAG * SIN(ANGT) 
AJAC(K1P0S — 1,K3P0S) + 
V0LTK2 * YMAG * cos(ANGT)

A JA C ( K1POS1K3P0S -  1 )  + 
V0LTK2 * YMAG *  cos(ANGT)
A JA C ( K1POS1K3P0S )  +
V0LTK2  *  YMAG *  S IN (A N G T )

.EQ. 
■ GT.

+ 1

(NB
(MB

1

EQ. DRETURN  
1 ,NOHAR
1 )K 1M IN  ะ N L IN  

■ V. . 1 ) K1M IN = 1 
K1 = K 1M IN ,N B  
• EQ. D K 1 P 0 3  = :
•G T .  1 ) K1P0S = :

DO 22  K2 = 1 1 NB 
YB ะ YBUS( K 1 , K 2 , L 1  )
YMAG = CABS (YB )
IF (Y M A G  . L T .  EP 6 )G 0  TO 22  
YANG = A T A N 2 ( A IM A G (Y B ) ,D B L E (Y B ) ) 
K2P0S = 2 *  K2 + 2 *  (L 1  -  1 ) *  
V0LTK2  = X (K 2 P 0 S )
ANGK2 = X (K 2P 0S  -  1 )  /  V 0LTK2  
ANGT = ANGK2 + YANG 
AJAC (K1POS -  1 , K2P0S -  1 )

NOHAR + ( K1 -  N L I N ) )  
(L 1  -  1 )  + K 1 )

NB

AJAC (K1POS -  1 , K 2P 0S )
1

A JA C (K 1P O 3 ,K 2P 0S  -  1)
A JA C ( K1POS , K2PÛS)

22  CONTINUE  
21 CONTINUE  
20  CONTINUE  

RETURN 
END

A JA C ( K1POS -  1 ,K 2P 0S  -  1 )  -  
YMAG *  S IN (A N G T )
AJAC (K1POS -  1 , K 2P 0S ) +
YMAG *  COS(ANGT)
A J A C ( K1POS, K2PÛS -  1 )  +
YMAG *  COS(ANGT)
A JA C ( K1POS , K 2P 0 S ) +
YMAG *  S IN (A N G T )

SUBROUTINE LBUSDATA 
COMPLEX YBUS, CMPZERO, CMPONE
LOGICAL PATHBTS, C0DE3, C0DE4, CODE5 1 CODEธ 1 C0DE7,

1TRUE, FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTc k  *  6 0  I i l  L E , éûMMENT 
COMMON / COMP/ Y B U S ( 2 0 , 2 0 , ร ) ,  CMPZERO, CMPONE 
COMMON /R E A L /  A JA C ( 3 6 6 , 3 6 6 ) ,  G R ( 2 0 , 9 ) , G I ( 2 0 , ร ) ,  FFMAG( 2 , 9 ) ,  

1 F F A N G ( 2 , ร ) ,  P L ( 2 0 ) , Q L ( 2 0 ) ,  ร ( 2 0 ) ,  P G ( 2 0 ) , Q G ( 2 0 ) ,  V ( 2 0 ) ,  ' 
2 S R C B L ( 2 0 ) ,  RCONV( 2 0 ) ,  FCONV( 2 0 ) , _ ECONV( 2 6 ) ,  DELAY ( 2 0 ) ,  R T R C O N (2 0 ) ,  
3 X T R C O N (2 0 ) ,  C O M ( 2 0 ) , R 1 ( 5 0 ) ,  X I ( 5 0 ) ,  G 1 ( 5 0 ) ,  B 1 ( 5 Ô ) , G 0 ( 5 0 ) , 
4 B 0 ( 5 0 ) ,  R 0 ( 5 0 ) 1 X 0 ( 5 0 ) , T A P ( 5 0 ) ,  P S H IF T ( 9 )  GRTEMPO(3),■  
5 G I T E M P 0 O ) ,  H M A G O ) ,  H A N G O )  , X ( 3 6 6 )  , Y ( 3 6 6 )  , D E L T A X (3 6 6 )  , 
6 D E L T A Y ( 3 6 6 ) , TO LE ,  COMTOLE, F 2 T 0 L E , DEPART, P I ,  R 3 0 ,  R 6 0 ,  R 90 ,  
7 R 1 2 0 ,  R 3 6 0 , DR, A K 1 , A K 2 ,  AK37 P I  T P 2 ,  EDUM1, ÉDUM2, EDUM3,
8S IN 30 , C0330, EP3, EP4, EP6, EP9, ER, HFUND, HRMS, HDF,
9HPEAK, ACCEL
COMMON /CHAR/ BUSNAME(20), SUBNAME( 6 ) ,  BTEMPN 
COMMON / IN IG /  L INES( 2 ,5 0 ) ,  KTRTYPE(5 0 ) ,  KSHAR(50),

1NBTYPE(20)7 NBSUBT(20)7 NBEXT(20)7 KRENUM(2 0 ) ,  KTRCON(20), 
2KSHTYPE(20), NBSHFT(20), NHVECT{9), NPHSEQ(9), NB INT(IO O ),
3MHVECT(4 9 ) ,  IO P T (14 )7  NOERR, NOERMAX, MAXNB, MAXLINE,
4MAXHAR, MBHUSE, NB, NLIN , NNLIN , NNL1, NNL2, NLINES ,_NPVLIN, 
5NPQLIN, N0HAR7 NHIGH, ITERC0M7 MAXAJAC, MAXHMP, NTYPES, NSUBS, 
6MXFITER, MXHITER, NTRMAX7 ISDUM1, ISDUM2, NSHMAX 
COMMON /LO G I/ PATHBTS(20), C0DE3, C0DE4, C0DE5, C0DE6, C0DE7, 

1TRUE, FALSË7 TERMINAL, CSWING, CONV, ZOURCE, GPATH
NB
N L IN
NNL1
NNL2
NNL3
NPVL IN
NPQLIN
NNL IN
CALL PGHEAD( 1 )

301  READ ( 5 / 1 0 0 0 ) KBUS1BTEMPN, IT Y P E  1 I S U B ,D , E ,C , A , B , F , G ,K S T Y P E  
I F  (K B Ù é ’ .E Q .  9 9 9 )  GO TO 3 0 2
W R ITE6 ^ * ? ! 0 0 2 ) KBUS1BTEMPN, I T Y P E , I S U B ,D , E ,C , A , B , F , G ,K S T Y P E
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I F (K B U S  . L T .  1 .OR . KBUS .G T .  MBHUSE)CALL ERROR(7)
I F ( I T Y P E  7lT. 0  .OR . IT Y P E  .G T .  NTYPES 7o r 7 ISUB  . L T .  1 .OR .  

1 IS U 3  .G T .  NSUBS)CALL ERROR(3  )
I F (N B IN T (K B U S )  . n e t  0 )C A L L  ERROR( 1 3 )
I F ( I S U B  .EQ .  1 .AND . CSW ING )CALL  ERROR( 1 0 )
I F ( I S U B  .EQ . D CSW ING  = TRUE
I F  ( A B S (G ) . L T .  EP6 .AND. KSTYPE .N E .  0 )C A L L  ERROR(46 )
I F ( A B S (G )  . L T .  EP6)GO TO 3 0 4  
GPATH = TRUE
IF (K S T Y P E  .N E .  0 )GO TO 3 0 3  
CALL MESSAGE( 2 )
KSTYPE = 1

3 0 3  I F ( KSTYPE . L T .  1 .OR . KSTYPE .G T .  NSHMAX)CALL E R R 0R (41 )
3 0 4  I F  ( IS U B  .GE .  3 .AND . A B S ( F )  .G T !  E P 5 )C A LL  E R R O R S )

I F  ( I T Y P E  .N E .  0 )  GO TO 3 1 0
I F  (ISUB .Gt 7 3)CALL ERRORO)
I F  ( IS U B  I e q ! 3 )  GO TO 3 0 5
I F  (A B S (F )  . L T .  E P 6 ) F = 1 . 0
I F  (F  . L T .  0 7 5  . 6 r 7 F .G T .  1 . 5 ) C A L L  E R R 0R (6 8 )

31 0  ^ L  - ^ S Q R T ( A * 4 2  + B 4 4 2 )
BG ะ S Q R T (D * * 2  + E * 4 2 )
I F  (B L  .Gt 7 EP6 .AND .  BG .G T .  E P 6 )C A LL  ERROR (33 )
I F  ( IS U B  .N E .  6 .AND . (B L  + BG) . LT .  E P 6 )C A LL  ERROR(57 )
I F  (A  7LT .  0 . 0  .OR . D . L T .  0 7 0 )G A L L  E R R 0R (2 8 )
I F  ( I T Y P E  .G T l  2 )  GO TO 3 0 5
I F  (B  . L T .  0 . 0  7o r 7 E .G T .  0 . 0 ) C A L L  ERROR (56 )
I F  ( IS U B  iE Q .  4 .AND . (A  + D )  .G T .  3 . 0  4 c  /  P I ) C A L L  MESSAGE( 6 )  
I F  ( I T Y P E  7n E. 1 )  GO TO 311
I F  ( I S U B  .Lt7 3 .OR . ISU B  .G T .  5 )C A L L  E R R O R O )
I F  (D 7g t ! EP6 .OR. A B S (E )  .G T .  E P 6 )C A LL  ERROR(26 )
I F  ( IS U B  .EQ . 4 .AND . A B S (C )  . LT7 A )C A L L  ERROR(27 )
I F  ( IS U B  iE Q .  5 .AND .  A . L T .  E P 6 )C A LL  E R R 0R (4 0 )

311 I F  ( I T Y P E  .N E .  2 )  GO TO 3 0 5
I F  ( IS U B  . L T 7  3 .OR . ISUB  .G T .  6 )C A L L  ER R O R O )
I F  ( IS U B  . Ë q ! 4 ! AND. A B S (C )  ! l T .  (A + D ) )C A L L  ER R 0R (2 7 )
I F  ( IS U B  .E Q .  5 O N D .  (A +D )  . L T .  E P O C A L L  ERROR(40 )
I F  ( IS U B  . EQ 8 .AND .  ( 5 L  T BG) .G T .  E P 6 )C A LL  ERROk ( 5 3 )
GO TO 3 0 5
I F  (NB .G T .  MAXNB)CALL E R R 0R (1 2 )
I F  ( I T Y P E  .EQ .  0 )  N L IN  ะ N L IN  + 1
I F  ( I T Y P E  .N E .  0 )  NNL IN  = N N L IN  + 1
I F  ( I T Y P E  I e q I 1 )  NNL1 = NNL1 + 1
I F  ( I T Y P E  : e q : 2 )  NNL2 = NNL2 + 1
I F  ( IS U B  .EQ. 1 .OR . ISUB  . EQ7 2 )  NPVLIN = NPVLIN + 1
I F  (ITYPE 7ËQ. 0 7ÀND7 ISUB  7e q7 3 )  NPQLIN = NPQLIN + 1
NBEXT (NB ) KBUS
N B IN T (K B U S ) = NB
BUSNAME(NB) r BTEMPN
NBTYPE (NB ) = ITYPE
NBSUBT(NB) - ISUB
PG (NB ) = D
QG(NB') = E
S (N B ) = c
P L (N B ) = A
Q L (N B ) = B
V (NB ) = F
SRCBL(NB ) ะ G
KSHTYPE(NB) = KSTYPE
GO TO 301

302 I F ( . NOT. CSWING)CALL ERROR(11 )
IF  (NB .LE . DCALL ERR0RO1)
WRITE (4 ,1 0 0 4 )
RETURN

1000 FORMAT(1 4 ,A12 ,2 1 1 ,2PF8. 0 , 4F8 .0  , F 8 .1 , F 8 .0 , I 1 )
1002 FORMAT{1 X ,1 4 ,2 x 7 A12 ,1 6 , I 1 0 ,2P F i0 . 2 . 6F10 .2 ,1 1 0 )
1004 FORMAT(/1x7 END OF CODE 3 BUS DATA’ )

END
c SUBROUTINE LINEDATA

COMPLEX YBUS7 CMPZERO, CMPONE
LOGICAL PATHBTS, CODE3, CODE4, CODE5, C0DE6, CODE7,

1TRUË7 FALSE, TERMINAL, CSWING, CONV, ZOURCE, GPATH 
CHARACTER 4 2 SUBNAME 
CHARACTER 4 1 2  BUSNAME, BTEMPN 
CHARACTER 4 80 T IT LE , COMMENT 
COMMON /COMP/ YBUS( 2 0 ,2 0 ,9 ) ,  CMPZERO, CMPONE 
COMMON /REAL/ AJAC(3 6 6 ,3 6 6 ) , G R (2 0 ,9 ) , G I ( 2 0 ,9 ) ,  FFMAG( 2 , 9 ) ,

1FFANG( 2 , 9 ) ,  P L (2 0 ) , Q L(20 ) , ร (2 0 ) , PG(2 0 ) ,  QG(2 0 ) ,  V (2 0 ) ,
2SRCBL(20 ) , RC0NV(20)7 FCONV(20), ECONy(20), DÉLAY(2 0 ) ,  RTRCON(2 0 ) ,  
3XTRCON(20), C 0M (20), R 1 (5 0 ) , X I ( 5 0 ) ,  G1(5 0 ) , B1 (5 0 ) ,  GO(5 0 ) ,
4 BO ( 50) , RO ( 50) , X 0 (5 0 ) , TAP ( 50) ,_ PSHIFT 9 ) ; GRTEMPÇ) (9 ) ,
5GITEMP0( 9 ) ,  HMAG(9), HANG{9), X (3 8 6 ) , Y (3 6 6 ) ,  DELTAX(3 6 6 ) ,
6DELTAY(3 6 6 ) ,  TOLE, COMTOLE, F2T0LE, DEPART, P I ,  R30, R60, R90, 
7R120, R360, Dr7 AK1, AKË7 AK3j P1»> 2 ,  EDUM1, EDUM2, EDUM3,
8S IN30 , C0330, EP3, EP4, EP6, EP9, ER, HFUND, HRMS, HDF,
9HPEAK, ACCEL
COMMON /CHAR/ BU3NAME(20), SUBNAME( 6 ) ,  BTEMPN



181

c

COMMON / IN IG /  L INES(2 ,5 0 )  , KTRTYPE(50), KSH flR (50),
1NBTYPE(20 ) , NBSUBT(20 ) , NBEXT(20)7 KRENUM(20), KTRC0N(20), 
2KSHTYPE(20 ) , NBSHFT(2 0 ) ,  NHVECT(9), NPHSEQ(9), N B INT(IO O ), 
3MHVECT(49), I0 P T (1 4 ) ,  NOERR, NOERMAX, MAXNB, MAXLINE,
4MAXHAR, MBHUSE, NB, NL IN , NNLIN , NNL1, NNL2, NLINES, NPVLIN, 
5NPQLIN, NOHAR, NHIGH, ITERCOM, MAXAJAC, MAXHMFS NTYPES, NSUBS, 
6MXFITER, MXHITER, NTRMAX, ISDÙM1, ISDUM2, NSHMAX 
COMMON /LO G I/  PATHBTS(2 0 ) ,  C0DE3, CODE47 CODES, CODES, C0DE7, 

1TRUE, FALSE, TERMINAL, CSWING, CONV, ZOURCE, GPATH
NLINES = 0 
WRITE ( * , 2 2 )

22 FORMAT(1X,130(1H-))
CALL PGHEAD(2)

401 READ (5 7 i OOO)KFROM,KTO,A,B,C,D,E,F,T,KTYPE,KSTYPE,KHAR  
IF(KFROM .EQ. 999 .OR. KTO .EQ. 999)G0 TO 5 
WRITE ( * , 1 0 0 2 ) KFROM, KTO, A , B , c , D , E , F , T , KTYPE, KSTYPE, KHAR 
IF(KFROM .L IT  0 .OR. KTO .LT .  0 .OR. KFROM .GT. MBHUSE 

MBHUSE)CALL ERR0R(2)
KTO)CALL ERR0R(2)

i 7o r . KTO ! g t ! 
IF (KFROM  .EQ .  
LFROM = 0  
LTO ะ 0
I F  (KFROM .EQ .  0 )  GO TO 405  
LFROM = NB INT (KFROM)
I F  (LFROM 7 e q ! 0 )C A L L  E R R 0 R (1 4 )

405  I F  (KTO .Eq 7 0 )  GO TO 406  
LTO = N B IN T (K T O )
I F ( L T O  .EQ . 0 )C A L L  E R R 0R (1 4 )

4 0 6  FF = S Q R T (A * * 2  + B * * 2 )
I F  (F F  . L E .  E P 6 ) CALL ERROR (25 )
I F ( A  .Lt 7 0 . 0  7ÔR. D 7Lt . o 76)CALL ERROR (29 )
N L IN ES  ะ NL INES  + 1
I F ( N L I N E S  .G T .  M A X L IN E )C A LL  ERROR( 3 )
L I N E S d  , N L IN E S )  ะ LFROM 
L IN E S ( 2 ,N L IN E S )  = LTO
R 1 (N L IN E S )  ะ A
X 1 (N L IN E S )  = B
B 1 (N L IN E S )  = c
I F  ((  fip .o  ( r .(C )  .G T .  EP6)GPATH ใบE
R O (N L IN E S )  = D 
X O (N L IN E S )  = E 
B O (N L IN E S )  = F 
I F  (LFROM .N E .  0  .AN D .  LTO .H E .  0 )GO TO 4 0 7  
GPATH = TRUE
I F (A B S (T )  .G T .  EP6 .OR . KTYPE .N E .  0 )C A L L  E R R 0R (6 3 )  
I F  (KSTYPE .N E .  0 )  GO TO 408  
CALL MESSAGE( 2 )
KSTYPE = 1

4 0 8  I F  (KSTYPE . L T .  1 .OR .
I F  (KHAR .N E .  0 )  KSTYPE  
KSH AR (NL INES )  = KSTYPE

407  I F ( KSTYPE .N E .  0 )C A L L  ERROR (42 )
IF (K H A R  . NE. 0 )C A L L  ERROR(54 )
I F  (A B S (T )  ; L T .  EPS 7AND. KTYPE  
I F  (KTYPE .N E .  0 )  GO TO 402  
CALL MESSAGE( 1 )
KTYPE = 1

4 0 2  I F (A B S (C )  .G T .  EP6 .OR .  A B S (F )
B 1 (N L IN E S )  = 0 . 0  
B O (N L IN E S )  = 0 . 0  
I F ( T  7lt7 0 . 8  .OR . T 
I F (K T Y P E  . L T .  1 .OR .

= T

KSTYPE .G T .  NSHMAX)CALL E R R 0R (4 1 )  
KSTYPE

. EQ. 0 )  GO TO 401

•GT .  E P 6 )C A L L  MESSAGE( 4 )

T A P (N L IN E S )
K TR TYPE (NL IN ES )  = KTYPE 
GO TO 401

.G T .  1 . 2 )C A L L  ERROR( 4 )
KTYPE ! g t 7 NTRMAX)c a l l  ERROR( 4 )

5 PATHBTS(1 ) = TRUE 
NBSHFT(1 ) = 0
NOPROC = 1 

15 NOPOLD = NOPROC 
DO 10 KBU3 ะ 1 ,NB 
IF  (.NOT. PATHBTS(K8US)) GO TO 10 
DO 11 KLINE = 1 ,NLINES 
KFROM = L IN E S d  , KLINE)L IN E S ( 2 , KLINE)KBUS 7AND.0 7OR. KTO KTO

.EQ .
NE. KBUS) GO TO 11 
0 )  GO TO 11

KBUS) GO TO 12

IF?KFROM .N E .
IF (KFROM  ^EQl
I f Î KFROM -EQ.
KDUM = KFROM 
KFROM = KTO 
KTO = KDUM 
I S I G  = - 1  

12 I S H I F T  = 0
I F (K T R T Y P E (K L IN E )
IF (K T R T Y P E (K L IN E )
I S H IF T  = NBSHFT(KBUS) + I S I G  
ISDUM1 ะ NBEXT(KTO)
IF (P A T H B T S (K T O )  ^AND. I S H I F T  .N E .  N B S H F T (K T O ) )C A LL  ERROR( 6 1 )  
I F (P A T H B T S (K T O ) )  GO TO 11

.EQ .

. e q ;
• OR.
. o r !

K T R T Y P E (K L IN E )  .E Q .  7 )  I S H IF T  = 1 
K T R T Y P E (K L IN E )  .EQ .  9 )  I S H IF T  = -1  

I S H IF T
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NOPROC = NOPROC + 1 
PATHBTS(KTO) = TRUE 
NBSHFT(KTO ) = I S H IF T  

11 CONTINUE
10  CONTINUE

IF (NOPROC .G T .  NOPOLD) GO TO 15  
DO 13 KBUS = 2 ,NB  
ISDUM1 = NBEXT(KBUS)
I F ( . NOT. P A TH B TS (K B U S ) )C A LL  ERROR (62 )

13 CONTINUE
WRITE ( * ,1 0 0 4 )

. RETURN
10 00  FORMAT( 2 1 4 , 2 P F 8 . 2 , 5 F 8 . 2 , 0 P F 6 . 3 , 3 1 1 )
1 0 02  FO R M A T (1X ,1 4 , 1 8 , 2 P F 1 0 . 2 , 5 F 1 0 ; 2 ,O P F 1 0 . 3 , 1 8 , 2 1 7 )
1004  FORMAT( / 1 X , ’ END OF CODE 4 L IN E  AND TRANSFORMER D ATA ’ )

END

SUBROUTINE L O A D I ( K 1 , KFUND, KPART)
LOG ICAL COMYES
COMPLEX YBUS , CMPZERO, CMPONE
LOGICAL PATHBTS , CODE3, CODE4, C 0D E 5 , CODE6, CODE7,

1TRUE , FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  80  T I T L E ,  COMMENT 
COMMON /COMP / YBUS( 2 0 , 2 0 , 9 )  , CMPZERO, CMPONE 
COMMON /R E A L /  A JA C ( 3 6 6 , 3 6 6 ) ,  G R ( 2 0 , 9 ) ,  G I ( 2 0 , 9 ) ,  F F M A G ( 2 , 9 ) ,

1 FFANG( 2 , 9 ) ,  P L ( 2 0 ) , QL(20 ) , ร ( 2 0 ) ,  PG (20 ) ,  QG (20 ) ,  V ( 2 0 ) ,  
2SRCBL(20), RCONV(20), FCONV(20), EC0NV(20), DELAY(20), RTRCON(20), 
3XTRCON(2 0 ) ,  COM(20), R1 (50 )  , X I ( 5 0 ) ;  G 1 (5 0 ) ,  B 1 (5 0 ) ,  G 0 (5 0 ) ,  
4B 0 (5 0 ) ,  R 0 (5 0 ) , X 0 ( 5 0 ) , T A P (5 0 ) ,  P SH IFT (9 ) ,  GRTEMPO( 9 ) ,  
5GITEMPOO), HMAG(9), HANG( 9 ) ,  X (3 6 6 ) ,  Y (3 6 6 )7  DELTAX(366),  
6DELTAY(366), TOLE, COMTOLE, F2TOLE, DEPART, P I ,  R30, R60, R90, 
7R120, R360, DR, AK1, AK27 AK37 P I 7 P2,  EDUM1, EDUM2, EDUM3,
8 S I N 3 0 , COS30 , E P 3 , E P 4 , E P 6 , E P 9 , ER7 HFUND, HRMS, HDF,
9HPEAK, ACCEL

COMMON /C H A R /  B U S N A M E (2 0 ) ,  SUBNAME( 6 ) ,  BTEMPN 
COMMON / I N I G /  L IN E S ( 2 , 5 0 ) ,  K T R T Y P E (5 0 ) ,  K S H A R (5 0 ) ,

1NBTYPE( 2 0 ) ,  NBSUBT( 2 0 ) 1 NBEXT(20)7 KRENUM(20), KTRC0N(20),
2KSHTYPE ( 2 0 ) ,  NBSHFT( 2 0 )  1 N H V E C T (9 ) ,  N P H S E Q O ) ,  N B I N T ( I O O ) ,
3MHVECT( 4 9 ) ,  I O P T ( 1 4 ) 7  NOERR, NOERMAX, MAXNB, M A X L IN E ,
4MAXHAR, MBHUSE, NB, N L I N , N N L IN , N N L 1 , N N L 2 , N L IN E S ,  N P V L IN ,  
5N PQ L IN ,  NOHAR, NH IGH , ITERCOM, MAXAJAC, MAXHMP, NTYPES , NSUBS, 
6M X F IT E R , M XH ITER , NTRMAX, IS D U M 1 , ISD UM 2 ,  NSHMAX 

COMMON / L O G I /  PATHBTS( 2 0 ) ,  CODE3 ,  CODE47 CODE5 , CODES, CODE7,  
1TRUE, FÂLSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH
DO 7 น  = 1 , NOHAR 
G I(K17 l 1 ) = 0 .0  

7 GR(K1, L I ) = 6 :6
ISDUM1 = N B E X T (K 1 )
DO 13 K2 ะ 1 , NOHAR 
ANGL = 0 . 0
I F ( KTRCON(K1) .EQ. 6 .OR. KTRCON(K1) .EQ. 7 ) ANGL = R30 
I F ( KTRCON( K1) .EQ. B .OR. KTRCON(K1) .EQ. 9 ) ANGL = -R30  

13 PSHIFT(K2) = FLOAT(NPHSEQ(K2)) *  ANGL 
ER ะ  ECONV(K1)  /  RCONV(KI)
K1POS = 2 *  K1
VOLTK1 = X (K1POS )
ANGK1 = X(K1POS -  1 )  /  VOLTK1
ALPHA = D E LA Y (K 1 )  + R30 -  ANGK1 -  P S H I F T ( 1 )
P I  = - 2 โ 0  *  RCONV(K1 ) /  ( 3 . 0  *  X TR C O N (K I )  + 2 . 0  *  F C O N V (K D )
P2 = -RCONV(K1 ) /  ( 2 . 0  *  XTRCON(K1) T F C C N V (K D )
I F  (P1 . L T .  - 5 0 . 0  .OR . P2 . L T .  - 5 0 . 0 ) C A L L  MESSAGE( 9 )
AK3 = ER -  F A 2 ( K 1 , A L P H A ^ o ! 0 , KFUND)
I F ( IO P T ( 9 )  .NE. 0)WRITE ( * , 1 0 0 0 ) ISDUM1, KFUND, KPART, P 1 , P 2 , 

1AK37ALPHA
AEND ะ ALPHA + R60
CHECK ะ A M P 2 (K 1 , AEND ,ALPHA ,KFUND )
ITERCOM = 0
IF (C H EC K  .GE .  COMTOLE)GO TO 11 
CO M YE^  ะ FALSE
IF (C H E C K = . LE? -COMTOLE)CALL F2END ( K 1 , AEND , A LP H A , KFUND)
GO TO 12

11 C0MYE3 = TRUE
CALL C0M ANGLE (K1 .ALPHA ,KFUND )

12 CALL S E R IES (K1  .A LPH A ,AE N d 7k FUND,COMYES,KPART)
I F ( I O P T ( 1 1 )  .EQ .  OJRETURN
DO 20 J = 1 , 1 8 1
JDEG = J -  1
RAD = ALPHA + FLO AT (JDEG ) /  DR
DEG ะ RAD *  DR
ASER = 0 . 0
ACAL = 0 . 0
DO 21 K = 1 ,  NOHAR

21 ASER = ASER + G I ( K 1 , K )  *  c o s ( F L O A T ( N H V E C T (K ) ) *  RAD)
1 + G R (K 1 ,K )  *  S IN (F L O A T ( N H V E C T ( K ) ) *  RAD)

IF (R A D  .GE .  ALPHA + C 0 M (K 1 ) )G 0  TO 32
ACAL = AK1 -  ER / 2 . 0  + AK2 *  EXP(P1 *  (RAD -  A LP H A ) )  +
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1FA1( K1, RAD, 0 . 0 , KFUND)
32 IF(RAD .GE. ALPHA + R60)G0 TO 33

GO T0=40ER + AK3 *  EXP(P2 * (RÂD -  ALPHA)) + FA2 ( K1 , RAD ,0 .  0 , KFUND)
33 IF(RAD .GE. ALPHA + COM(KI) + R60)G0 TO 34

ACAL = -ER + 2 . 0  *  AK2 *  EXPCP1 * ' (RAD  -  ALPHA -  R60 ) )  +
1G0 TO 401FA1(K1. RAO,-R60,KFUND) + FC1(K1, RAD ,-R60 , KFUND)

34 I F ( RAD .GE. ALPHA + R120)G0 TO 35
ACAL = -ER + AK3 * EXP(P2 *  (RAD -  ALPHA -  R60))  +

1 FA2(K1 , RAD,-R60,KFUND)
35 IF(RAD .GE. ALPHA + C0M(K1) + R120)G0 TO 40

ACAL = -AK1 -  ER /  2 . 0  + AK2 *  EXP(P1 *  (RAD -  ALPHA -  R120)) +
1 FC1(K1,RAD,-R120,KFUND)

40 DIFF = ACAL -  ASER 
20 WRITE (* ,1002)DEG,ACAL,ASER,D IFF  

RETURN
1000 FORMAT( / 1 X , ’ LOADI ’ , 3 1 5 , 7E15 .5 )
1002 FORMAT( 1X, LOADI’ , 5E15 .6 )

END

c

c

SUBROUTINE LOADPAR( KFUND)
COMPLEX y BUS, CMPZERO, CMPONE
LOGICAL PATHBTS, C 0D E3 ,  C 0 D E 4 , C 0D E 5 , C 0D E6 ,  C 0 D E 7 ,

1TRUE, FALSE ,  TER M IN AL ,  CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  80  T I T L E ,  COMMENT 
COMMON /C OM P / Y B U S (2 0 , 2 0 , 9 ) ,  CMPZERO, CMPONE 
COMMON / R E A L /  A JA C ( 3 6 6 7 3 6 6 )  , G R ( 2 0 , 9 ) ,  G I ( 2 0 , 9 ) ,  F F M A G ( 2 , 9 ) ,

1FFANG( 2 , 9 ) ,  P L ( 2 0 ) ,  Q L ( 2 0 ) ,  ร ( 2 0 ) 7  P G ( 2 0 ) ,  Q G ( 2 0 ) ,  V ( 2 0 ) ,  
2 S R C B L ( 2 0 ) ,  R C 0 N V (2 0 )7  F C O N V (2 0 ) ,  E C 0 N V ( 2 0 ) , D E L A Y ( 2 0 ) 7  R T R C O N (2 0 ) ,  
3XTRC0N ( 2 0 ) ,  C 0 M ( 2 0 ) , R 1 ( 5 0 )  , X I ( 5 ๐ ) 7  G 1 { 5 0 ) ,  B 1 ( 5 0 ) 7  G 0 ( 5 0 ) 7  
4 B O ( 5 0 )  R 0 ( 5 0 ) ,  X 0 ( 5 0 ) ,  T A P ( 5 0 ) ,  P S H I F T ( 9 ) ,  GRTEMPO (9 )7
5G ITE M P O (9 )  HMAG( 9 ) 7  H A N G (9 )7  X ( 3 6 6 ) 7  Y ( 3 6 6 ) 7  D E L T A X ( 3 6 6 ) ,
6D ELTA Y ( 3 6 6 ) ,  TOLE ,  COMTOLE, F 2 T Ô L E , 'Ô E P A R T ,  P l 7 ~ R 3 0 ,  R 6 0 , _ R 9 0 ,  
7 R 1 2 0 ,  R 3 6 0 ,  DR , ArCI , A K 2 ,  « K 3 , P 1 ,  P 2 ,  EDUM1 , ÉDUM2, EDUM3,8 S IN 3 0 , COS30, EP3, EP4, EP6, EP9, Er 7 HFUND, HRMS, HDF,
9HPEAK , ACCEL

COMMON /C H A R /  B U S N A M E (2 0 ) ,  SUBNAME( 5 ) ,  BTEMPN 
COMMON / I N I G /  L IN E S ( 2 , 5 0 ) ,  KTRTYPE( 5 0 ) ,  K S H A R (5 0 ) ,

1NBTYPE( 2 0 ) ,  NBSUBT( 2 0 ) ,  N B E X T ( 2 0 ) 7  K R E N U M (20 ) ,  K T R C O N (2 0 ) ,  
2 K S H T Y P E ( 2 0 ) , N B S H F T (2 0 )  , N H V E C T (9 ) , N P H S E Q (9 ) ,  N B I N T ( I O O ) ,3MHVECT( 4 9 ) ,  IO P T (1 4 )7  NOERR, MOERMAX, MAXNb 7 MAXLINE,4MAXHAR, MBHUSE, NB, NLIN7 NNLIN7 NNL1, NNL2 , N L IN E S , NPVLIN , 5NPQLIN7 NOHAR, NHIGH, ITERC0M7 MAXAJAC, MAXHMp 7 NTYPES, NSUBS, 6MXFITER, MXHITER, NTRMAX, ISDUM1 , ISDUM2, NSHMAX COMMON /L O G I/ PATHBTS( 2 0 ) 1 C0DE3, CODE47 CODE5 , CODE6 1 C0DE7, 1TRUE, FALSE, TERMINAL, CSWING, CONV, ZOURCE, GPATH
MIN = NLIN + 1 
DO 1 M = MIN ,NB 
DO 2 L = i 7N0HAR 
GRTEMPO(L) = GR(M, L)

2 GITEMPO(L) = G I(M ,L )
AOLD ะ DELAY(M)
DELAY(M) = DELAY(M) + DEPART 
CALL LOADI(M,KFUND,0 )
DO 3 L = 1 , NOHAR
I F (L .EQ. 1 )KROW = 2 *  (NB * NOHAR + (M -  N L IN ))
I F ( L .GT. 1 )KROW = 2 *  (NB *  (L  -  1) + M)
KCOL = 2  *  (NB *  NOHAR + (M -  N L IN ))
AJAC(KROW -  1 , KCOL -  1) = (GR(M , L) -  GRTEMPO(L)) /  DEPART

3 AJAC(KROW,KCOL -  1) = (G I(M ,L ) -  G ITEMPO(L)) /  DEPART DELAY(M) = AOLD
ROLD = RCONV(M)
EOLD = ECONV(M)
IF(NBTYPE(M) .EQ. 1)RC0NV(M) =._RCONV(M) + DEPART 
IF(NBTYPE(M) . EQ. 2)EC0NV(M) = ECONV(M) + DEPART 
CALL LOADI(M,KFUNd 76)
DO 11 L = 1 .NOHAR
IF ( L  .EQ. 1 )KROW = 2 *  (NB *  NOHAR + (M -N L IN ))
I F (L  .GT. 1 )KROW = 2 *  (NB *  (L  -  1) + M)
KCOL - 2  *  (NB *  NOHAR + (M -  N L IN ))
AJAC(KROW - 1,KCOL) = (GR(M,L) - GRTEMPO(L)) / DEPART 
AJAC(KROW,KCOL) = (GI(M,L) - GITEMPO(L)) / DEPART
GR(M,L) = GRTEMPO(L)

11 G I(M ,L ) = GITEMPO(L)
RCONV(M) = ROLD 
ECONV(M) = EOLD 

1 CONTINUE 
RETURN 
END
SUBROUTINE MESSAGE( IM E S )
COMPLEX YBUS, CMPZERO, CMPONE
LOG ICAL PATHBTS, C 0 D E 3 , C0DE4 , CODE5 ,  C 0 D E 6 , C0DE7 , 

1TRUE , FALSE ,  TER M IN A L ,  CSWING , CONV, ZOURCE, GPATH
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CHARACTER *  2 SUBNAME
CHARACTER *  12 BUSNAME, BTEMPNCHARACTER * 8 0  T IT L E , COMMENT
COMMON /COMP/ YBUS( 2 0 ,2 0 ,9 ) ,  CMPZERO, CMPONECOMMON /R E A L / AJA C (366,3 6 6 ) ,  G R (2 0 ,9 ) ,  G I ( 2 0 ,9 ) ,  FFMAG{2, 9 ) ,1FFANG( 2 , 9 ) ,  P L ( 2 0 ) ;  QL( 2 0 ) ,  ร ( 2 0 )7 _PG( 2 0 ) ,  Q G (2 0 ), V (2 ๐ ), 

2SRC BL(2Ç ), R C 0N V(20), FCONV(20)7 E C 0N V(20), DELAY(2 0 )7  RTRCON(20) 
3* T RÇ °N (2Ô ), COM(20)7 R1(5 0 ) X 1 (5 0 )7  G 1 (5 0 ) , B 1 (5 0 )7  0 0 (5 0 )74 B 0 (5 0 ) , R 0 (5 0 ) , X 0 (5 0 ) ,  T A P (5 0 ) ,  P S H IF T (9 ) ,  GRTEMPO(9)7 
5 9 ITEMPÔ( 9 ) ,  HMAG( 9 ) ,  HANG(9 )7  X (3 6 6 )T Y (3 6 6 )7  D E L T A X (3 6 6 ), 
6D ELTAY(?6é ) , TOLE, COMTOLE, F2T 0LE , DEPART7 Pl7 R 3 0 , R60, R90, 7R120, R360, DR, AK1, AK2, AK37 PI 7 P27 EDUM1, EDUM2, EDUM3,8 S IN 3 0 , C0330, EP3, EP4, EP6 , EP9, ER7 HFUND, HRMS, HDf 7 9HPEAK, ACCEL

COMMON /CHAR/ BUSNAME(20), SUBNAME(6 ) ,  BTEMPN COMMON / IN IG /  L IN E S ( 2 ,5 0 ) ,  KTRTYPE(5 0 ) ,  K SH AR (50),1N B TYPE(20), NBSUBT( 2 0 ) ,  N BEXT(20)7  KRENUM(20), K TRC 0N (20), 2K SH TYPE(20), N B SH FT(20), NH VEC T(9), NPHSEQ(9), N B IN T (IO O ),3MHVECT( 4 9 ) ,  I0 P T ( 1 4 ) ,  NOERR, NOERMAX, MAXNb 7 MAXLINE,4MAXHAR, MBHUSE, NB, N LIN I NNLIN , NNL1, NNL2, NLINEsT NPVLIN , 5NPQLIN , NOHAR, NHIGH, ITERC0M7 MAXAJAC, MAXHMp 7 NTYPES, NSUBS, 6M XFITER, MXHITER, NTRMAX, IS0UM 1, ISDUM2, NSHMAX COMMON /L O G I/ PA TH B TS(20), C0DE3, CODE47 CODE5 1 C0DE6, CODE7 , 1TRUE, FALSE, TERMINAL, CSWING, CONV, Z0URCE7 GPATH
WRITE ( * , 1 0 0 0 ) IMES

10 00  FORMAT( 1 X , 1 7 H * * *  MESSAGE CODE , I 5 , 4 H  * * * )
G O T O  ( 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 1 0 )  , IMES

1 WRITE ( * , 1 0 0 1 )
1001 F 0 R M A T ( 1 X , ’ ASSUMED TRANSFORMER CONNECTION TYPE = 1 ’ / )

RETURN
2 WRITE ( * , 1 0 0 2 )

10 0 2  F 0R M AT (1X , 'ASSU M ED  SHUNT CONNECTION TYPE = 1 ’ / )
RETURN

3 WRITE ( * , 1 0 0 3 )
10 0 3  FORMAT( 1 X , ’ THE IT E R A T IV E  SOLUTION OF THE COMMUTATION ANGLE FOR ’ 

1 , '  THE L IN E  COMMUTATED CONVERTER AT BUS ’ , 1 5 / 1 X , ’ CONVERGED■
2 ; ’ OUTSIDE t h e  ACCEPTABLE RANGE OF 0 - 5 0  DEGREES ’ / 1  y,7 ’ I T E R  = ’ , 
3 1 5 , ’ , COMMUTATION ANGLE ะ ’ , F 1 2 . 2 , ’ THE COMMUTATION ANGLE ’
4 7 'W I L L  BE RESET TO THE NEAREST L I M I T ’ / )

RETURN
4 WRITE ( * , 1 0 0 4 )

10 04  FORMAT( 1 X , ’ A TRANSFORMER SHOULD NOT HAVE L IN E  CHARG ING ’ ,
1 ’ -  T H IS  VALUE OF CHARGING I S  IGNORED’ / )
RETURN

5 WRITE ( * , 1 0 0 5 ) IS D U M 1 , EDUM1
10 05  F 0 R M A T ( 1 X , ’ THE IT E R A T IV E  SOLUTION OF THE END OF PERIOD 2 FOR’

1 ,  ’ A L IN E  COMMUTATED CONVERTER AT BUS ’ , 1 5 , ’ CONVERGED TO ’ /  
2 1 X . F 1 2 . 2 , ’ DEGREES (PAST DELAY ANGLE ) .  T H IS  I S  OUTSIDE THE ' ,
3 ’ ACCEPTABLE RANGE OF 0 TO 60  DEGREES. RESET TO THE ' ,
4 ’ NEAREST L I M I T ’ / )

RETURN
6 WRITE ( * , 1 0 0 6 )

10 0 8  F O R M A T (1 X , 'U S IN G  A CONSTANT CURRENT CONVERTER MODEL, p  SHOULD ’ ,
1 'NOT EXCEED 3 *  ร /  P I . ’ / 1 X , ’ CONVERGENCE MAY BE D I F F I C U L T , ’ / )  

RETURN
7 WRITE ( * , 1 0 0 7 )

10 0 7  FORMAT ( 1 X > 'THE  R AT THE PRECEEDING BUS I S  PROBABLY TOO LARGE ’ ,
1 'T O  ALLOW THE S P E C IF IE D  LOAD. ’ / I X , ’ NON R E A L IS T IC  NEGATIVE ’
2 ,  ’ E MAY RESULT ’ / )

RETURN
8 WRITE ( * , 1 0 0 8 )

10 0 8  F O R M A T (1 X , 'T H E  R AT THE PRECEEDING BUS I S  PROBABLY TOO LARGE ’ ,
1 ’ TO ALLOW THE S P E C IF IE D  GENERATION . ’ / 1 X 1 ’ NON R E A L IS T IC  P O S IT IV E  ’ 
2 , ’ E MAY RESULT ’ / )

RETURN
9 WRITE ( * , 1 0 0 9 ) ISDUM1

10 09  F O R M A T (1 X , ’ THE T IME  CONSTANTS FOR THE L IN E  COMMUTATED CONVERTER ’ 
1 , ’ AT BUS ’ , 1 5 , ’ ARE VERY SM ALL ’ / 1 X , 'P R O B L E M S  MAY AR ISE  IN  ’ ,
2 US ING  EXPONENTIAL FUNCT IONS ’ / )

RETURN
10 WRITE ( * , 1 0 1 0 )

1 0 1 0  FO RMAT (1X , 'ASSUMED  NONLINEAR ELEMENT CONNECTION TYPE = 1 ’ / )
RETURN
END
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SUBROUTINE NL1DATA
COMPLEX Y8US ,  CMPZERO, CMPONE
LOG ICAL PATHBTS , CODE3, CODE4, COOES, CODES, CODE7,

1TRUE, FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  8 0  T I T L E ,  COMMENT 
COMMON /COM P / YBUS ( 2 0 , 2 0 , 9 ) ,  CMPZERO, CMPONE 
COMMON /R E A L /  A JA C ( 3 6 6 7 3 6 6 ) ,  G R ( 2 0 , 9 ) ,  G I ( 2 0 , 9 ) ,  FFMAG( 2 , 9 ) ,  

! f F A N G ( 2 , 9 ) ,  P L { 2 0 ) ;  Q L ( 2 0 ) ; 3 ( 2 0 K  P G ( 2 0 ) ,  Q G ( 2 0 ) , V ( 2 0 ) ,
2SRCBL ( 2 0 ) ,  R C O N V (2 0 )7 ~ F C 0 N V (2 0 )7  ECONV( 2 0 ) ,  D E L A Y { 2 0 ) 7  RTRCON(20)  
3 ? I rÇ ° N ( 2 6 ) ,  C O M ( 2 0 ) ; _ R 1 ( 5 0 )  “ x i ( 5 0 ) ,  G 1 ( 5 0 ) ,  B 1 ( 5 0 ) 7  G 0 ( 5 0 ) 7  

R 0 ( 5 0 ) , X 0 ( 5 0 ) , T A P ( 5 0 )  , P S H I F T ( 9 ) ,  GRTEMPO (9 )7  
5 G IT E M P 0 (9 )  HMAG ( 9 ) ,  HANG( 9 ) ,  X ( 3 6 6 ) 7  Y ( 3 6 6 ) 7  D E L T A X ( 3 6 6 ) ,
6DELTAY(ร ่ร ุร ุ ่ ) ,  TOLE, COMTOLE, F2T0LE, DEPART, Pl7 R30, R60, R90, 
7R120, R360, DR, AK1, AK2, AK3, P I ,  P 2 , EDUM1 , EDUM2, EDUM31 
8S IN30, C0330, EP3, EP4, EP6, EP9, ER7 HFUND, HRMS, HDf7 
9HPEAK, ACCEL
COMMON /C H A R /  B U S N A M E (2 0 ) ,  S U B N A M E (6 ) ,  BTEMPN 
COMMON / I N I G /  L IN E S ( 2 , 5 0 ) ,  KTRTYPE( 5 0 ) ,  K S H A R (5 0 ) ,

1NBTYPE( 2 0 ) 1 NBSUBT( 2 0 ) ,  N B E X T ( 2 0 ) 7  K R E N U M (20 ) ,  KTRCON (201 ,  
2 K S H T Y P E ( 2 0 ) , N B3H FT ( 2 0 ) ,  N H V E C T (9 ) ,  N P H S E Q (9 ) ,  N B IN T ( 1 0 0 ) ,
3MHVECT( 4 9 ) ,  I O P T ( 1 4 ) ,  ÙOERR, NOERMAX, MAXNB, M A X L IN E ,
4MAXHAR, MBHUSE, NB, N L IN , NNLIN , NNL1, NNL2, NLINES7 NPVLIN, 
5NPQLIN, NOHAR, NHIGH, ITERCOM, MAXAJAC, MAXHMP1 HTYPES, NSUBS, 
6MXFITER, MXHITER, NTRMAX, ISDUM1, ISDUM2, NSHMAX 
COMMON /LO G I/ PATHBTS(2 0 ) ,  CODE3 1 CODE4 1 CODE5 , C0DE6, C0DE7,

1TRUE , FALSE ,  TER M IN AL ,  CSWING, CONV, ZOURCE, GPATH
WRITE ( * , 2 2 )

2 2  F O R M A T ( 1 X , 1 3 0 ( 1 H - ) )CALL PGHEAD(3)
1101 READ ( 5 , 1 0 0 0 ) K B U S ,R , F , E , A LPH A , R S , X S , KTYPE  

I F ( KBUS .E Q .  9 9 9 )G 0  TO 5 
K IN T  = N B IN T ( KBUS)
WRITE ( * , 1 0 0 4 ) KBUS, R , F , E , A LPH A , R S , X S , KTYPE  
I F (K B U S  . L T .  1 7o R. KBUS .G T .  MBHUSE)CALL E R R 0R (7 )
I F ( K I N T  . EÔI 0 )C A L L  ERROR(17) 
i F ( N B T Y P E ( K IN T ) .N E .  1 )C A L L  ERROR(20 )
ISU B  = N B S U B T (K IN T )
IF (K T R C O N ( K IN T )  .N E .  0 )C A L L  E R R 0R (1 3 )
I F (K T Y P E  .N E .  0 )GO  TO 11 03  
CALL M E S S A G E d )
KTYPE = 1

11 03  IF (K T Y P E  . L T .  1 .OR . KTYPE .G T .  NTRMAX)CALL ERROR( 4 )
I F ( R S  . L T .  0 . 0 ) CALL E R R 0R (2 9 )
I F ( X S  . L T .  E P 6 )C A LL  ERROR (34 )
I F ( F  . L T .  o7o )CALL ERROR(23 )IF (A B S (R ) .G T. EP6)CALL ERR0R(35)
I F ( I S U B  . L T .  5 .AN D .  A B 3 (A LP H A )  .G T .  E P 6 )C A LL  ERROR(36 )
I F ( A B S ( E )  .G T .  E P 6 )C A LL  E R R 0 R (3 9 )
I F ( I S U B  .N E .  5 ) GO TO 1104
I F (A L P H A  . L T .  o7o ! o R .  ALPHA .G T .  1 2 0 . 0 ) C A L L  ERROR (38 )

1104 RCONV (K INT ) = R 
FC O N V (K IN T )  = F 
ECONV (K INT ) = E
D E L A Y (K IN T )  ะ ALPHA /  DR 
RTRCON(K INT ) = RS 
XTRCO N (K INT )  = XS 
KTRCON (K INT ) ะ KTYPE  
GO TO 1101  

5 WRITE ( * , 1 0 0 2 )
RETURN

1 0 0 0  FORMAT( 1 4 , 2 P F 8 . 2 , 2 F 8 . 2 , 0 P F 8 . 2 , 2 P F 8 . 2 , F 8 . 2 , I 1 )1002 FORMAT( / 1x7'END OF NONLINEAR TYPE 1 BUS D ATA ’ )
1 0 0 4  F O R M A T ( 1 X , I 4 7 2 P F 1 0 . 2 , 2 F 1 0 7 2 , 0 P F 1 0 . 2 , 2 P F 1 0 . 2 , F 1 0 . 2 , I 1 0 )

END
SUBROUTINE NL2DATA
COMPLEX YBUS7 CMPZERO, CMPONE -LOGICAL PATHBTS, C0DE3, C0DE4, CODE5 , C0DE6, C0DE7,

1TRUE , FALSE , TER M IN AL ,  CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  80  T I T L E ,  COMMENT 
COMMON /COM P / Y B U 3 ( 2 0 , 2 0 , 9 ) ,  CMPZERO, CMPONE 
COMMON /R E A L /  A J A C ( 3 6 e 7 3 6 6 )  , G R ( 2 0 , 9 ) ,  G I ( 2 0 , 9 ) ,  FFMAG( 2 , 9 ) ,

1 FFANG( 2 , 9 ) ,  P L ( 2 0 ) ,  Q L ( 2 0 ) ,  ร ( 2 0 ) ,  P G ( 2 0 ) ,  Q G ( 2 0 ) ,  V ( 2 0 ) ,
2SRCBL ( 2 0 ) ,  RCONV( 2 0 ) 7  F C O N V (2 0 ) ,  ECONV( 2 0 ) ,  D E L A Y ( 2 0 ) 7  R T R C 0 N (2 0 ) ,  
3XTRC0N ( 2 0 ) ,  C 0 M ( 2 0 ) ,  R 1 ( 5 0 ) ,  X I ( 5 0 ) ,  G 1 ( 5 0 ) ,  B 1 ( 5 0 ) ,  G 0 ( 5 0 ) , 
4 B O ( 5 0 ) ,  R 0 ( 5 0 ) ,  X 0 ( 5 0 ) ,  T A P ( 5 0 ) ,  P S H I F T ( 9 ) ,  GRTËMPÔj9 ) 1 
5 G I T E M P 0 O ) ,  HMAG( 9 ) ,  HANG( 9 ) ,  X ( 3 6 5 ) ,  Y ( 3 6 6 ) ,  D E L T A X ( 3 6 6 ) ,6DELTAY( 3 6 6 ) 1 TOLE, COMTOLE, F2T0LE , DEPART, P I ,  R30, R60, R90, 
7R120, R360, DR, AK1, AK27 AK37 P I , P27 EDUM1, EDUM2, EDUM3,
8 3 I N 3 0 ,  C 0 S 3 0 , E P 3 , E P 4 , E P 8 , E P 9 , ER7 HFUND, HRMS, HDF,
9HPEAK , ACCEL

COMMON /C H A R /  B U S N A M E (2 0 ) ,  SUBNAME( 6 )  , BTEMPN 
COMMON / I N I G /  L I N E S ( 2 , 5 0 )  , K T R T Y P E ( 5 0 ) , K S H A R (5 0 ) ,

1 N B T Y P E (2 0 )7  NBSUBT( 2 0 ) 1 N B E X T ( 2 0 ) 7  K R E N U M (20 ) ,  K T R C O N (2 0 ) ,
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2KSHTYPE ( 2 0 ) ,  NBSHFT ( 2 0 )  , NHVECT( 9 ) ,  N P H S E Q O ) , N B IN T ( 1 0 0 ) ,  
3 M H V E C T (4 9 ) ,  I O P T ( 1 4 ) ,  NOERR, NOERMAX, MAXNB, M A X L IN E ,4HAXHAR, MBHUSE, NB, N U N , NNLIN , NNL1 , NNL2, N LIN ES, NPVLIN, 5NPQLIN, NOHAR, NHIGH, ITERCOMT MAXAJAC, MAXHMp 7 NTYPES, NSUBS, 6M XFITER, MXHITER, NTRMAXT ISDUM1, ISDUM2, NSHMAX COMMON /L O G I/P A T H B T S (2 0 ), CODE3, C0DE47 C0DE5, CODEB, C0DE7, 1TRUE, FALSE, TERMINAL, CSWING, CONV, 20URCE, GPATH
WRITE ( * , 2 2 )

2 2  FO RM AT(1X ,130(1H -))
CALL PGHEAD( 6 )

1201 READ ( 5 , 1000)KBUS,R ,F,E ,ALPHA,RS,XS,KTYPE  
I F ( KBUS .EQ. 999)GO TO 5 
KINT = NBINT(KBUS)
WRITE ( * , 1 0 0 4 ) KBUS, R , F , E , A LP H A , R S , x s , KTYPE  
I F (K B U S  . L T .  1 .OR .  KBUS .G T .  MBHUSE)CALL E R R 0R (7 )
IF (K IN T  iEQ. 0)CALL ERR0R(17)
IF(NBTYPE( KINT) .NE. 2)CALL ERR0R(20)
ISUB = NBSUBT(KINT)
IF(KTRCON(KINT) .NE. 0)CALL ERR0R(13)
IF(KTYPE .NE. 0)GO TO 1203 
CALL MESSAGE(1 )
KTYPE = 1

1203 I F ( KTYPE .L T . 1 .OR. KTYPE .GT. NTRMAX)CALL ERROR(4 )
I F (RS .L T . 0 .0  .OR. R .L T . 0 .0 )C A LL  ERROR(29)
IF  (XS . น ;  EP6 ) CALL ERR0R(34)
IF (F  .L T . o7o )CALL ERROR(23 )
I F (R .L T . EP6)CALL ERROR(52)
IF (IS U B  .L T . 5 .AND. ABS(ALPHA) .GT. EP6)CALL ERR0R(36)
IF ( IS U B  .L T . 6 .AND. ABS(E) .GT. EP5)CALL ERR0R(39)
IF  ( ISUB 5 ) go to  1204
I F ( ALPHA 7lT . 0 .0  .OR. ALPHA .GE. 180 .0 )CALL ERR0R(38)
IF ( IS U B  .GT. 5 )GO TO 1205
IF (P L (K IN T ) .GT. 0 .0  .AND. ALPHA .GT. 90 .0 )C ALL  ERROR(38)

.LT . 9 0 .0  )CALL Ef\ROR(38)I F ( P G ( K I N T )  .G T .  0 . 0  .AND . ALPHA  
GO TO 1204

■ AND. ALPHA  
•AND. ALPHA  R 
F

GT. 9 0 . 0 )C A L L  E R R 0R (3 8 )  
LT .  9 0 . 0 ) CALL ERROR(38 )

12 0 5  I F ( E  .G T .  0 . 0  
_ I F (E . L T . Ô . 0  

1204  R CO Nw (K INT )  ะ 
FC O N V (K IN T )  ะ 
ECONV( K IN T )  = E 
D E L A Y (K IN T )  = ALPHA /  DR 
RTRCON( K IN T )  ะ  RS 
X TR C O N (K IN T )  = x s  
KTRCON ( K IN T )  ะ: KTYPE  
GO TO 1201  

5 WRITE ( * ; 1 0 0 2 )
RETURN

1 0 0 0  FORMAT( 1 4 , 2 P F 8 . 2 , 2 F 8 . 2 , 0 P F 8 . 2 , 2 P F 8 . 2 , F 8 .  2 , 1 1 )
1002  F 0 R M A T ( / 1 x 7 ’ END OF NONLINEAR TYPE 2 BUS D ATA ’ )
10 04  F O R M A T ( 1 X , I 4 7 2 P F 1 0 . 2 , 2 F 1 o 7 2 , O P F 1 0 . 2 , 2 P F 1 0 . 2 , F 1 0 . 2 , I 1 0 )  

END

SUBROUTINE ORDER
COMPLEX Y B U S , CMPZERO, CMPONELOGICAL PATHBTS, C0DE3, C0DE4, C0DE5, CODES, C0DE7,

1TRUE, FALSE ,  TER M IN A L ,  CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  8 0  T I T L E ,  COMMENT 
COMMON /C OM P / YBUS ( 2 0 , 2 0 , 9 ) ,  CMPZERO, CMPONE 
COMMON / R E A L /  A JA C ( 3 6 6 , 3 6 6 ) ,  G R ( 2 0 , 9 ) ,  G I ( 2 0 , 9 ) ,  F F M A G (2 , 9 ) ,

1 FFANG( 2 , 9 ) ,  P L ( 2 0 ) ,  Q L ( 2 0 ) ,  ร ( 2 0 ) ,  P G ( 2 0 ) ,  Q G ( 2 0 ) ,  V ( 2 0 ) ,
2SRCBL( 2 0 ) ,  RCONV(2 0 )7  FC0NV(20), ECONV{20), DELAY(20)7 RTRC0N(20), 
3XTRC0N( 2 0 ) ,  C0M (20 ) , R 1 (5 0 ) ,  X I ( 5 0 ) ,  G 1 (5 0 ) ,  B1 ( 5 0 ) ,  GO(SO), 
4 8 0 (5 0 ) ,  R 0 (5 0 ) ,  X 0 ( 5 0 ) ,  T A P (5 0 ) ,  P SH IFT (9 ) ,  GRTEMP0(9), 
5GITEMP0(9), HMAG( 9 ) ,  HANG( 9 ) 1 X (3 6 6 ) ,  Y ( 3 8 6 ) , DELTAX(368),
6 D E L T A Y ( 3 6 o ) , TO LE ,  COMTOLE, F 2 T 0 L E , DEPART, P I ,  R 3 0 ,  R 6 0 ,  R 90 ,  
7 R 1 2 0 , R 3 6 0 ,  DR, A K 1 , A K 2 , A K 3 , P I ,  P 2 ,  EDUM1, EDUM2, EDUM3,8 S IN 3 0 , C033o7 EP3, E P 4 , E P 6 , E P 9 , Er 7 HFUND, HRM3, HDF,
9HPEAK, ACCEL

COMMON /C H A R /  B U S N A M E (2 0 ) ,  SUBNAME( 6 ) ,  BTEMPN 
COMMON / I N I G /  L I N E 3 ( 2 , 5 0 ) , KTRTYPE( 5 0 ) ,  K S H A R (5 0 ) ,

1NBTYPE(20)7 NBSUBT(20)7 N BEXT(20)7 KRENUM(20), KTRCON( 2 0 ) ,
2KSHTYPE ( 2 0 )  1 N B S H F T (2 0 )  , N H V E C T (9 ) ,  NPHSEC3(9),  N B IN T ( 1 0 0 )  , 
3 M H V E C T (4 9 ) ,  I O P T ( 1 4 ) 7  NOERR, NOERMAX, MAXNB, M A X L IN E ,4MAXHAR, MBHUSE, NB, NLIN7 NNLIN, NNL1, NNL2, NLINES, NPVLIN, 5NPQLIN, N0HAr 7 NHIGH, ITERC0M7 MAXAJAC, MAXHMPT NTYPES, NSUBS, 6M XFITER, MXHITER, NTRMAX, ISDUM1, ISDUM2, NSHMAX COMMON /L O G I/ P A TH B TS(20), C0DE3, CODE4 1 CODE5 , CODEB, C0DE7, 1TRUE, FALSË7 TERMINAL, CSWING, CONV, ZOURCE, GPATH

DO 10 LBUS = 1 ,N B
I F  (N BSU BT (LBU S ) .E Q .  1 )  GO TO 11

10 CONTINUE
11 KR EN U M ( I )  ะ LBUS 

IPOS  = 2
KNUM = 1
I F  (N P V L IN  .E Q .  1 )  GO TO 30  
DO 21 LBUS ะ 1 ,NB
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c

c

c

21
30

31
40

41
60

I F  (N B3U BT (LBU S ) .N E .  2 )  GO TO 21
KNUM ะ KNUM + 1
KRENUM( IPOS) = LBUS
IPOS = IPOS + 1
I F  ( IP O S  .G T .  MB) GO TO 60
I F  (KNUM . EQ. N P V L IN )  GO TO 30
CONTINUE
KNUM ะ 0
I F  (NPQL IN  .E Q .  0 )  GO TO 40  
DO 31 LBUS = 1 ,NB
I F  (NBTYPE (LBUS ) .N E .  0 .OR .  NBSUBT(LBUS ) .N E .  3 )  GO TO 31
KNUM = KNUM + 1
KRENUM(IPOS) = LBUS
IPOS ะ IPOS  + 1
I F  ( IP O S  .G T .  NB) GO TO 60
CONTINUE
KNUM ะ 0
NDUM ะ NNL1 + NNL2  
I F  (NDUM 7e Q. 0 )  GO TO 60  
DO 41 LBUS = 1 ,NB
I F  (NBTYPE (LBUS ) .N E .  1 .AND .  NBTYPE (LBUS ) .N E .  2 )  GO TO 41
KNUM = KNUM + 1
KRENUM(IPOS) = LBUS
IPOS = IPOS + 1
I F  ( IPO S  .G T .  NB) GO TO 60
IF (KNUM  .EQ .  NDUM)GO TO 60
CONTINUE
DO 70  IPOS = 1 ,NB  
KEXT = N B E X T ( IP O S )
INDEX = KRENUM(IPOS)
I F  ( IP O S  .EQ .  IN D E X ) GO TO 70
BTEMPN - BUSNAME(IPOS)
KNBT = N B TYPE ( IPO S )
KNBS ะ N BSUBT ( IPO S )
DUMA ะะ P L ( IP O S )
DUMB = Q L ( IP O S )
DUMC ะ ร ( IP O S )
DUMD r PG ( IP O S )
DUME - Q G ( IP O S )
DUMF r V ( IP O S )
DUMG ะะ S R C B L ( IP O S )
KSH = KSHTYPE ( IPO S )
I/YDIIW —
NBEXT(IPOS) ะ 
NBINT(KXDUM) ะ 
BUSNAME(IPOS) = 
NBTYPE(IPOS) = 
NBSUBT(IPOS) = 
PL(IPOS) =
QL(IPOS) =
ร (IPOS) ะ
PG(IPOS) =
QG(IPOS) =
V(IPOS) ะ
SRCBL(IPOS) = 
KSHTYPE(IPOS) =

N B EXT ( IN D EX )
KXDUM
IPOS
BUSNAME(INDEX)  
N BTYPE ( INDEX )  
NBSUBT ( INDEX )  
P L ( IN D E X )  
Q L ( IN D E X )
ร ( IN D E X )
PG ( IN D E X )
Q G ( INDEX )
V ( IN D E X )
SR C BL ( IN D E X )  
KSHTYPE ( INDEX )

N B EXT ( IN D EX ) = KEXT
N B IN T (K E X T )  = INDEX
BUSNAME(INDEX) = BTEMPN 
N BTYPE ( INDEX ) = KNBT 
N BSUBT ( INDEX ) = KNBS 
P L ( IN D E X )  = DUMA
Q L ( IN D E X )  = DUMB
ร ( IN D E X )  = DUMC
P G ( IN D E X )  = DUMD
Q G ( IN DE X ) = DUME
V ( IN D E X )  = DUMF
S R C BL ( IN D EX ) = DUMG 
KSHTYPE ( INDEX ) = KSH 
I F  ( IPO S  .EQ .  NB) GO TO 70  
IP 0S 1  = IPOS  + 1 
DO 71 K = I P 0 S 1 ,N B  
I F  (KRENUM(K) ,NE7 IP O S )  GO TO 71 
KRENUM(K) = INDEX  
GO TO 70  

71 CONTINUE  
70  CONTINUE  

RETURN 
END

SUBROUTINE OUTPUT( KFUND)
COMPLEX V K 1 , V K 2 ,  V V 1 , V V 2 , AMPS, Z L I N ,  S K 1K 2 ,  T 
COMPLEX YBUS, CMPZERO, CMPONE
LOG ICAL PATHBTS, C 0D E 3 ,  C 0D E 4 , C 0D E 5 , C 0D E 6 ,  C0DE7 , 

1TRUE, FALSE ,  TERM INAL ,  CSWING, CONV, ZOURCE, GPATH 
CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  8 0  T I T L E ,  COMMENT
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COMMON /C O M P /  YBUS( 2 0 , 2 0 , 9 ) ,  CMPZERO, CMPONE
COMMON /R E A L /  A J A Ç (â ë é T â é ë  ) ; G R ( 2 0 , f ) ,  G I ( 2 0 , 9 ) .  F F M A G ( 2 , 9 ) ,

1 FFANGÇ2, ร ุ่> 1 P L ( 2 0 j , Q L (2 0 ) , ร (2 0 ) ,  PG(2 0 ) ,  Q G (20 ), V (2 0 ) ,  
2SRCBL(20), RCONV( 20 ) , FCONV(2 0 ) ,  ÉC0NV( 2 0 ) ,  DELAY(2 0 )7  RTRCON(2 0 ) ,  
^XTRCON(2 0 ) ,  COM(2 Ô ), R1{ ร ิอ ุ) ~ x j (5Ô )7 _Ô |(5 o ) , B1(5 0 )7  GO(5 0 )7  
4B0X50); ; ç 0 ( 5 0 ) , X 0 (5 0 ) ; TAP( 5 0 ) , "p é n iF T (9 ) , GRTEMPO(9)7 5ÇITËMPÔ(9) ; HMAG ( 9 ) ;  ’ hang (9  ) 7 _ X '( 366 ) 7 Y (366 ) 7 DELTAX ( 366 ) 1 
6DELTAY(ร ุ่ร ุé ) ,T O L É , COMTOLE, F2TÇLE.DEPART7 P l7  R30, R60, R90, 
7R120, R380, DR, AK1 , AK2, AK3 , P1 , P2, EDUM1 ,  EDUM2, EDUM3,
8 S I N 3 0 ,  C O S30 , EP3 ,  E P 4 ,  E P 6 ,  E P 9 , Er7 HFUND, HRM3 ,  HDF,
9HPEAK» ACCEL

COMMON /C H A R /  B U S N A M E (2 0 ) ,  SUBNAME( 6 ) ,  BTEMPN 
COMMON / I N I G /  L IN E S ( 2 , 5 0 ) ,  K T R T Y P E (5 0 ) ,  K S H A R (5 0 ) ,

1N B T Y P E (2 0 )7  NBSUBT (2 0 ) ,  N B E X T ( 2 0 ) 7  K R E N U M (20 ) ,  K T R C 0 N (2 0 ) ,  
2 K S H T Y P E ( 2 0 ) , NBSHFT( 2 0 ) ,  N H V E C T (9 ) ,  N P H S E Q (9 ) ,  N B I N T ( I O O ) ,
3MHVECT( 4 9 ) ,  I 0 P T ( 1 4 ) ,  NOERR, NOERMAX, MAXNB, M AX L INE ,
4MAXHAR, MBHUSE1 NB, N L IN , NNLIN, NNL1 , NNL2, NLINES, NPVLIN, 
5NPQLIN, NOHAR, NHIGH, ITERCOM, MAXAJAC, MAXHMFS NTYPES, NSUBS, 
6MXFITER, MXHITER, NTRMAX, ISDUM1, ISDUM2, NSHMAX 
COMMON /LO G I /  PATHBTS(20), C0DE3, C0DE4, C0DE5, C0DE6, C0DE7,

1TRUE , FALSE ,  TER M IN AL ,  CSH ING ,  CONV, ZOURCE, GPATH
PTLOSS = 0 . 0  
LMAX = 1
IF (K FU N D  .E Q .  2 .AND . I 0 P T ( 8 )  .EQ . 0 )LM AX  = NOHAR 
ISDUM2 = 0
I F ( KFUND .E Q .  2 .AND . I 0 P T ( 1 4 )  .N E .  0 ) IS D U M 2  = 1 
DO 5 LHAR = 1 , LMAX 
KHAR = NHVECT (LHAR )
ISDUM1 = KHAR
K ê | â 0 = NPHSEQ(LHAR)

I F ( L H A R = . EQ. 1 )C A L L  PGHEAD( 5 )
I F ( L H A R  .G T .  1 )C A L L  PGHEAD( 1 0 )
KBUS = 0 
DO 1 J =■  1 , MBHUSE 
I F (K B U S  .EQ . NB ) GO TO 11 
K1 ะ N 3 I N 1 ( J )
I F ( K 1  โ E Q . ' 0 ) G O  TO 1 
KBUS = KBUS + 1
K1P03 = 2 *  K1 + 2 *  (LHAR -  1 )  *  NB
V0LTK1 = X ( K 1POS)
ANGK1 = X (K 1P 0S  -  1 )  /  V0LTK1  
DEGK1 = ANGK1 *  DR
VK1 = V0LTK1 * CMPLX(cos(ANGK1) , S I N (ANGK1))
QSHUNT = V0LTK1 *  V0LTK1 *  S R C B L (K I )
IF (Q SHUNT  .G T .  0 .0 )Q S H U N T  = QSHUNT /  FLOAT(KHAR)
IF (QSHUNT  . L T .  0 . 0 )Q S H U N T  ะ QSHUNT *  FLOAT(KHAR)
PPL = P L ( K 1 )
QQL = Q L ( K 1 )
PPG ะ P G ( K Ï )
IF (K F U N D  .E Q .  1 .OR . LHAR .G T .  1 .OR . N B T Y P E (K 1 ) .E Q .  0 )GO  TO 9 
PPL = 0 . 0  
QQL = 0 . 0  
PPG = 0 . 0
AMPS= = CMPLX(GR(K1 , LHAR) ,G I ( K 1  , LH AR ) )
SK1K2 ะ VK1 *  CONJG(AMPS)
PREAL = D B LE (S K 1K 2 )
PREACT = A IM A G (S K 1K 2 )
I F (P R E A L  .G E .  0 ^ 0 ) G 0  TO 10  
PPG = -PREAL  
QQG = -PREACT  
GO TO 9

10 PPL = PREAL  
QQL = PREACT

9 IF ( L H A R  โ EQ. 1 )W R ITE  ( * , 1 0 0 0 ) J , BUSNAME(K1) , V 0 L T K 1 , DEGK1, PPG,QQG,
1 PPL ,QQL,QSHUNT

I F ( L H A R  .G T .  1 )W R ITE  ( * , 1 0 0 8 ) j T b USNAME(K1) ,V 0LTK1 ,D EG K1  
I F ( L H A R  ; E q ! 1 )P L 0 S S  = PLOSS + PPG -  PPL  
DO 2 K = 1 , N L IN E 3
I F (K S H A R (K )  . L T .  0 .AND . LHAR .EQ .  1 )G 0  TO 2 
KFROM = L I N E S ( 1 , K )
KTO = L IN E S ( 2 , K)
IF (KFROM  .N E .  K1 . a n d . KTO .N E .  K 1 )G 0  TO 2 
I F ( K1 ?EQ. KTO )K2  ะ KFROM

t
VK2 = CMPZERO
I F ( K2 .EQ .  0 )G 0  TO 3K2P03 = 2 * K2 + 2 *(LHAR - 1) * NB
V 0LTK2  = X (K 2 P 0 S )
ANGK2 ะ X ( K2P0S -  1 )  /  V 0LTK2
VK2 = V 0LTK2  *  CMPLX (COS ( A N G K 2 ) , S IN ( ANGK2) )

3 VV1 = VK1



52I F ( K T R T Y P E (K )  .N E .  0  .OR . K2 .EQ .  0 )GO  TO 
I F fK S E Q  .N E .  0 )G 0  TO 51 
RR = R O (K )
XX = XO (K )

51 CALL Z L IN E (R R ,X X ,G G ,B B ,K H A R )
52 I P (K T R T Y P E (K )  .N E .  0 )G 0  TO 53  

IFÇKSEQ  .E Q .  0  .AND . I ABS ( KSHAR( K ) ) .N E .  1 )GO  TO 2 
I F ( X X  .G E .  O .O )  XX = XX *  F LO A T ( KHAR)
I F ( X X  . L T .  0 . 0 )  XX = XX /  FLOAT(KHAR)

53 CALL ZTR AN (R R ,X X ,K H A R )
IF (K S E Q  .E Q .  0 )G 0  TO 55  
T = CMPLX (TAP ( K K O i Ô )
I F ( K T R T Y P E [ K ) ' . E Q .  6 .OR .  KTRTYPE (K ) .E Q .  7) T = T *  

1 C M P LX (C O S 3 0 , -F LO A T (K 3E Q )  *  S IN 3 0 )
I F ( K T R T Y P E (K )  . EQ. 8 .OR . KTRTYPE (K ) .E Q .  9 )  T = T  *

1CMPLX (COS30 ,  FLOAT(KSEQ ) *  S I N 3 0 )
I F ( K 1  .E Q .  KFROM)VV1 -  VK1 /  T 
I F ( K 2  .E Q .  KFROM)VV2 = VK2 /  T

55 I F ( K T R T Y P E ( K) .E Q .  1 )G 0  TO 6
I F ( KTRTYPE(K )  .N E .  6 โ AND. KTRTYPE(K )  .N E .  8 )G 0  TO 2 
I F ( K 1  .E Q .  KFROM . a n d ! KTRTYPE(K )  . n e . ธ ) go  t o  2 
I F ( K 1 .E Q .  KTO .AND. KTRTYPE(K )  .N E .  8 )G 0  TO 2 
พ 2 ะ CMPZERO
K2 = -1
71 TM — r.M P I Y (D R  Y Y \

-  .(.XY1 ■  VX21 . /  ZL?N + VV1 *  CMPLX (G G , BB )SK1K2 = VV1 *  CONJG( AMPS)
P = DBLE (SK1 K2 )a =
AMAG ะ CABS(AMPS)
I F ( K 1  .E Q .  KFROM .AND .  KSEQ .N E .  0 ) AMAG = AMAG /  C A B S (T )
AANG = 0 . 0
IF (A M A G  .G T .  E P 9 ) AANG = A T A N 2 (A IM A G ( AMPS) , D B L E (A M P S ) ) *  DR 
I F ( K 2  . L E .  0 ) P L 0 3 S  ะ PLOSS -  p 
I F ( L H A R  .G T .  1 )G 0  TO 7
I F ( K 2  .N E .  0 )W R ITE  ( * , 1 0 0 2 ) NBEXT{ K 2 ) , B U S N A M E (K 2 ) , p , Q 
I F ( K 2  .E Q .  0 )W R IT E  ( * , 1 0 0 6 ) P , Q
I F (K T R T Y P E (K )  . N e 7 0 .AND .  K1 .EQ . KFROM)WRITE ( * , 1 0 0 4 ) T A P ( K )

7 I F ( K2 .GT. 0 )WRITE ( * , 1 0 1 0 ) NBEXT(K2) , BUSNAME( K2) , P , Q, AMAG, AANG 
I F ( K2 .EQ. 0)WRITE ( * , 1 0 1 4 ) p 7q ,AMAG,AANG
I F ( K2 . L T .  0 ) WRITE ( * , 1 0 2 4 )P ,Q ,AMAG ,AANG
IF (K T R T Y P E (K )  .N E .  0 .AND .  K1 .EQ .  KFROM .AND .  K2 .N E .  - 1 )W R ITE  

1 ( * , 1 0 1 2 ) T A P ( K )
2 ÇONTINUE

I F ( L H A R  .EQ . 1 )G 0  TO 1
I F ( A B S (S RC BL ( K 1 ) )  . L T .  E P 6 ) G 0 T 0 8
AMPS = C M P L X (0 .0 , -Q S H U N T )  /  C O N JG (V K I )
AMAG = CABS(AMPS)
AANG = A T A N 2 (A IM A G (A M P S )1D B L E (A M P S ) ) *  DR
WRITE ( * , Ï 0 1 6 ) P , Q S H U N T , AMAG,AANG8 I F (N B T Y P E ( K 1 )  . ÉqT 0 )GO  t o  1
AMPS = C M P LX (G R (K 1 ,L H A R ) 7g I ( K 1 , L H A R ) )
SK1K2  = VK1 *  CONJG( AMPS) p ะ D B L E (S K 1 K 2 )
PLOSS = PLOSS -  p 
Q ะ A IM A G (3 K 1 K 2 )
AMAG = CABS(AMPS)
AANG = 0 . 0
I F ( AMAG .G T .  E P 9 ) AANG = ATA N 2 ( A IM A G (A M P S ) , D B LE ( AMPS) )  *  DR 
WRITE ( * , 1 0 1 8 ) P , Q , AMAG, AANG 

1 CONTINUE
11 I F (K F U N D  .EQ .  2 )W R ITE  { * ,  1 0 2 0 )P L 0 S S  

PTLOSS = PTL03S  + PLOSS 
5 CONTINUE

WRITE ( * , 1 0 2 2 )P T L 0 S S  
RETURN

1 0 0 0  F O R M A T ( 1 X , 1 3 0 ( 1 H - ) / 1 X , I 4 , 2 X , A 1 2 , 2 P F 7 , 2 , 0 P F 8 . 2 , 2 P F 1 0 . 2 , 4 F 1 0 . 2 )  
10 02  F O R M A T ( 8 5 X , I 5 , 2 X , A 1 2 , 2 P F 1 0 . 2 , F 1 o 7 2 )
10 0 4  F O R M A T ( 1 H - , 1 2 3 X , F 7 . 3 )
1 0 0 6  FORMAT(86X, NEUT , 2 X , z SHUNT• , 2 P F 1 5 . 2 , F 1 0 . 2 )
1 0 0 8  F O R M A T ( 1 X , 1 1 2 ( 1 H - ) / 1 X , I 4 , 2 X , A 1 2 7 2 P F 9 4 , O P F 8 . 2 )
1 0 1 0  F O R M A T (3 8 X ,1 8 , 2 X , A 12 , 2 P F 1 4 . 6 , 2 F 1 4 . 8 , 0 P F 8 . 2 )
1 0 1 2  F O R M A T ( 1 H - , 1 0 5 X , F 7 . 3 )
1 0 1 4  F O R M A T (3 8 X , ’ NEUT ’ , 2 X , ’ Z SHUNT’ , 5X, 2 P F 1 4 . 6 , 2 F 1 4 . 6 , 0 P F 8 . 2 )
1 0 1 6  F 0 R M A T ( 3 8 X , ’ NEUT ’ , 2 X , ' Q  SHUNT’ , 5 X , 2 P F 1 4 ;  6 , 2 F 1 4 . 6 , 0 P F 8 . 2 )
1 0 1 8  F O R M A T (3 8 X , ’ NEUT ’ , 2 X , 'N O N L I N  D E V . ’ 7 l X , 2 P F 1 4 . 6 , 2 F 1 4 . 6 , 0 P F 8 . 2 )  
10 2 0  F O R M A T ( 1 X , 4 8 ( 1 H - ) / 1 X , ’ REAL POWER LOSS FOR T H IS  HARMONIC = 

1 2 P F 1 0 . 2 )
1 0 2 2  FORMAT( 1 X , 4 6 ( 1 H - ) / 1 X , ’ TOTAL REAL POWER LOSS = ’ . 2 P F 2 2 . 2 )
10 24  F O R M A T (3 8 X , 'N E U T  , 2 X , ’ T SHUNT7 , 5 X , 2 P F 1 4 . 6 , 2 F 1 4 . 6 , 0 P F 8 . 2 )

ENDc
SUBROUTINE PGHEAD(IPTYPE)



COMPLEX YB 
LOGICAL PV,PS
COMPLEX YBUS, CMPZERO, CMPONE
LOGICAL PATHBTS, CODE3, CODE4 7 CODE5, CODE6, CODE7,

1TRUE, FALSE, TERMINAL, CSWING, CONv7 ZOURCE, GPATH CHARACTER *  2 SUBNAME 
CHARACTER *  12 BUSNAME, BTEMPN 
CHARACTER *  80 T ITLE , COMMENT 
COMMON /COMP/ YBUS( 2 0 , 2 0 , 9 ) ,  CMPZERO, CMPONE 
COMMON /REAL/ AJAC( 3 6 5 , 3 6 6 ) , G R (2 0 ,9 ) ,  G I { 2 0 , 9 ) ,  FFMAG(2,9),1FFANGÇ2, 9 ) ,  P L (2 Ç ) , QLC2Ô), S ( 2 0 ) 7 ' p 6 ( 2 0 ) , 0 6 ( 2 0 ) ,  V (2 0 ) ,  2SRCBL(2Ô), RCONV( 2 0 )T fCONV (20),■ ECONV( 2 0 ) ,  DELAY(2 0 )7  RTRC0N(20), 3XTRC0N(2Ô), C 0 M (2 0 ); _R 1( 5 0 ) , _ x i (5 0 )7  6 i ( i o ) , B 1(5 0 )7  GO(5 0 )7  RO{5 0 ) , x o (5 0 ) , TA P(5 0 ) , P S H IF T (9 )  , GRTEMPO(9)7 

5GITEMp 6 ( 9 ) ; HMAG(9), H A N G (9 )7 'X (3 6 6 )7 _ Y (6 é é )7  D E LTA X (366), 6D ELTA Y(366), TOLE, COMTOLE, F2T0LE , DEPARt 7 p i "  R 30 , R60, R90, 7R120, R360i DR, AK1, AK27 AK37 P I 7 pâ7 EDUM11 EDUM2, EDUM3,
8SIN30, C0330, EP3, EP4, EPS 1 EP9, ER7 HFUND, HRM3, HDf 7 
9HPEAK, ACCEL
COMMON /CHAR/ BUSNAME( 2 0 ) ,  SUBNAME(ธ ) ,  BTEMPN 
COMMON / I N IG /  L IN E S (2 , 5 0 ) ,  KTRTYPE(50), KSHAR(50),

1NBTYPE(i20) , NBSUBT(20 )  , NBEXT(20)7 KRENUM(20) , KTRC0N(20),
2KSHTYPE(2 0 ) ,  NBSHFT(20 )  , NHVECT(9), NPHSEQ(9) , NBINT(IOO),
3MHVECT( 4 9 ) ,  I0P T (1 4 )7  NOERR, HOERMAX, MAXNB, MAXLINE,4MAXHAR, MBHUSE, NB, N LIN , NN LIN , NNL1, NNL2, NLINEs7 NPVLIN , 5NPQLIN , NOHAR, N H làH , ITERC0M7 MAXAJAC, MAXHMF’ 7 NTYPES, NSUBS, 6M XFITER, MXHITER, NTRMAx T ISDUM1, ISDUM2, NSHMAX COMMON /L O G I/ PA TH B TS(20), C0DE3, CODE47 CODE5 , CODE6 , C0DE7, 1TRUE, FALSE7 t e r m in a l , CSWING, CONV, Z0URCE7 GPATH
IF ( IPTYPE .EQ. 0)RETURN
GOTO ( 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 1 0 , 1 1 , 1 2 )  , IPTYPE

1 WRITE ( * 1 0 0 1 )
1001 F0RMAT(/1X,'FUNDAMENTAL LOADFLOW BUS DATA (PERCENT VOLTAGE, ’ ,

1 ’ POW ER )V2X , 'BUS ',2X ,
2 ’ NAME’ ,10X , ; TYPE’ ,2X , ’ SUB-TYPE’ ,5X , ’ P GEN’ , 5 X , ’ Q G"EN ’ ,4X,
3 ’ ร ' , 4X , ’ p LOAD ',4X , Q LOAD’ , 3 X , 'VOLTa6 e ’ , 3 X , ’ Q SHUNT',
44X , ’ KSHTYPE’ / )

RETURN
2 WRITE ( * , 1 0 0 2 )

1002 FORMAT(/ IX , ’ LINE AND TRANSFORMER DATA (PERCENT IMPEDANCE, ’ ,
1 ’ CHARGiNG)’ / 1 X , ’ FROM’ , 6X , ’ TO’ / 2 X , ’ BUS’ , 5 x 7 ’ BUS ,8 X , ’ R1’ , 8 X , ’ X I ’ 
2 , 8 X , ’ C1■ , 8 X , ’ RO’ , 8 X , ’ XO’ , 8 X , ’ CO’ , 7 X , ’ TAP’ , 7 X , ’ T-TYPE’ ,6X ,
3 Z-TYPE , 6 X , ’ H-ONLY’ / )RETURN

3 WRITE ( * , 1 0 0 3 )
1003 F0RMAT(/1X ,’ NONLINEAR TYPE 1 BUS DATA’ / 2 X , ’ BUS■ ,

19 X , ’ R , 9X, F ’ , 9X, ’ E ' , 5 X , ’ DELAY’ , 8 X , ’ RS’ , 8 X , ' X S ' , 5X, ’ KTYPE’ / )
RETURN

4 WRITE ( * , 1 0 0 4 )
1004 FORMAT(/IX , SOLUTION OPTIONS’ / )

RETURN
5 IF(TERMINAL)WRITE ( * , 1 0 9 9 )

IF(ISDUM2 .NE. 0)WRITE ( * , 1 1 0 0 )
WRITE ( * , 1 0 0 5 )

1005 F0RMAT(/1X , ’ FUNDAMENTAL LOADFLOW OUTPUT (PERCENT VOLTAGE, ’ ,
1 ’ POWER)’ / 1 X , ’ FROM’ 783X7’ TO’ ,
2 / 2 X , ’ BU3’ , 2 X , ’ NAME’ , 8 X , ’ VOLTAGE’ , 3 X , ’ ANGLE’ , 8X , ’ PG’ , 8X , ’ QG’ ,
3 8 X , ’ PL ’ , 8 X , ’ QL’ , 3 X , ’ Q SHUNT’ , 3 X , ; BUS’ , 2 x 7 'N A M E ' ,1 5 X , ’ P ’ ,9X ,4 ’ 6 7 , 6 X , ’ TAP ’ / )

RETURN
6 WRITE ( * , 1 0 0 6 )

1006 F0RMAT(/1X,'NONLINEAR TYPE 2 BUS DATA’ / 2X , ’ BUS'
1 , 9X , ’ R , 9X , F ’ , 9 X , ’ E ’ , 5 X , ’ DELAY’ , 8 X , 'R S 7 ,8 x7  XS’ ,5 X , ’ KTYPE’ / )  
RETURN

7 WRITE ( * , 2 2 )
22 FORMAT(1x7 l30 (1H -) )7 WRITE ( * , 1 0 0 7 )

1007 FORMAT(/ IX , ’ FUNDAMENTAL LOADFLOW ITERATION SUMMARY’ / /
115X,'ABSOLUTE REAL POWER MISMATCH7 , 5X, ' ABSOLUTE REACTIVE’
2 , ’ POWER MISMATCH’ /3 8 X 7 ’ WORST’7 3 2 X , ’ WORST7/1X , " ITE R A T IO N ’
3 , 2 ( 8 X , ’ AVERAGE’ , 5 X , ’ WORST’ , 5X , ’ BUS’ , 4 X ) / )

RETURN
8 WRITE ( * , 2 2 )

WRITE ( * , 1 0 0 8 )
1008 FORMAT(/ IX , ’ HARMONIC LOADFLOW ITERATION SUMMARY’ / / 4 2 X , ’ ABSOLUTE’

1 ,  ’ REAL MISMATCH’ , 7 X , ’ ABSOLUTE IMAGINARY MISMATCH’ , 1 5X , ’ VOLTAMP’
2 ,  ’ ERE MISMATCH’ / 3 0 X , 3 ( 2 9 X , ’ WORST’ ) / I X , ’ ITERATION’ , 2 X , ’ QUANTITY’ , 
3 2 x 7 ’ HARMONIC’ , 3 ( 7 X , ; AVERa6 e ’ , 5 X , ’ WORST’ , 7 X , ’ BUS’ ) / )

RETURN
Q W R T T P

WRITE ( * !  1009)
1009 FORMAT(/IX , 'STARTING ESTIMATES OF NONLINEAR DEVICE PARAMETERS’ / /  

12X , 'BU S ’ , 2 X , ’ NAME7 , 1 0 X , ’ TYPE’ , 5 X , 'P  GEN’ , 5 X , ’ Q GEN’ , 4 X , 'P  LOAD’ , 
2 4 X , ’ Q LOAD’ , 5 X , ’ DELAY’ , 9X , ’ R ’ , 9X , ’ E ’ / )
RETURN

10 IF(TERMINAL)WRITE( * , 1 0 9 9 )
I F ( IOPT(14 )  .NE. 0)WRITE ( * , 1 1 0 0 )
WRITE ( * , 2 2 )
KF ะ ISDUM1 *  50



WRITE ( * ,10 10 ) IS D U M 1 , KF
1010 FORMAT(/1X,'HARMONIC LOADFLOW OUTPUT FOR HARMONIC NUMBER ’ ,1 3 ,

1 - ,  FREQUENCY ะ ’ , 1 5 , ’ HZ. (PERCENT VOLTAGE, CURRENT, POWER)’ /  
2 1 X , ’ FROM’ , 1 4 X , V O L T A G E  — — ■ , 3 X , ’ TO’ 748x7’—-- CURRENT '
3 , ’ / 2X,  BUS’ , 2X, NAME ,BX 1 ’ MAGNITUDE’ , 3X , ; ANGLE’ ,3 X ,
4 BUS’ ,2X7'NAME’ ,1 9 x 7 ’ P ’ , 1 3 x 7 ’ Q ’ , 7 X , ’ MAGNITUDE’ ,
5 3 x 7 ’ ANGLE’ , 4 x 7 ’ TAP’ / )
RETURN

11 IF(TERMINAL)WRITE( * , 1 0 9 9 )
IF ( IO P T (14 ) .NE. 0 )W R ITE (* ,1100)
WRITE ( * , 2 2 )
WRITE ( * , 1 0 1 1 )

1011 FORMAT c/ i  X , ITOTAL CURRENT/POWER SUMMARY (PERCENT VALUES)’
2 ’ CURRENT’ , 1 X , 1 5 ( ! - ’ ) , 4 X , 1 6 ( ’ - ’ ) , 1 X , ’ POWER’ ,1x, 1 5 ( ■ - ' ) / 1 X ,
3 ’ FROM’ , 1 7X, ’ TO’ 720x7 ’ FUND , e x , 'R M S ’ , 6 x 7 ’ PEAK ' , 4X, 'HARMONIC’
4 / 2 X , ’ BUS’ , 2 X , ’ NAME’ ,1 1 x 7 ’ BUS’ , 2 X , ’ NAME’ ; 8 x 7 3 (5X , 'VALUE• ) ,2X ,
5 ’ DISTORTION’ 71I X , ’ P ’ , 9 X ; ’ Q ’ , 9 x 7 'D ■ 19 x 7 ’ 3 ’ / )
RETURN

12 IF(TERMINAL)WRITE ( * , 1 0 9 9 )
IF ( IO P T (14 ) .NE. 0)WRITE ( * , 1 1 0 0 )
WRITE ( * , 2 2 )
WRITE ( * , 1 0 1 2 )

1012 FORMAT(/ Ix7 ’ BUS VOLTAGE SUMMARY (PERCENT VALUES)’ / /
121X , ’ FUNDAMENTAL’ 7
27X, RMS’ 710X , PEAK’ ,8 X , ’ HARMONIC’ / 2X , ’ BUS’ , 2 X , ’ NAME’ ,13X ,
3 ’ VALUE’ , 2 ( 9 X , ’ VALUE’ ) , 6 X , ’ DISTORTION’ / )
RETURN

1099 FORMAT(1 X , ’ N O N C O N V E R G E N T  C A S E ’ )
1100 FORMAT( 1 x 7 ’ NOTE -  NONLINEAR DEVICE CURRENTS WERE SOLVED WITHOUT ’ 

1 , ’ USING HARMONIC VOLTAGES’ )
END
SUBROUTINE PQMOD( KFUND)COMPLEX YBUS, CMPZERO, CMPONELOGICAL PATHBTS, C0DE3, CODE4 1 C0DE5, CODE6 1 C0DE7,1TRUE, FALSE, TERMINAL, CSWING7 CONV, Z0URCE7 GPATH CHARACTER *  2 SUBNAME CHARACTER *  12 BUSNAME, BTEMPN CHARACTER *  80 T IT L E , COMMENT COMMON /COMP/ YBUS( 2 0 ,2 0 ,9 ) ,  CMPZERO, CMPONE COMMON /R EA l T' AJ AC ( 3 6 6 ,3 6 6  ) ,  G R (2 0 ,9 ) ,  G I ( 2 0 ,9 ) ,  FFMAG (2 ,9 )  , 1 F F A N G (2 ,9 ), P L (2 ๐ ); Q L(20 )7  ร ( 2 0 ) ,  P G (2 0 ), Q G (20 ), V (2 0 )7  

2S R C B L(20)7 RC0NV(20)7 FC 0N V (20 ), EC 0N V(20), D ELAY(20)7 RTRCON(20), 3XTRC0N( 2 0 ) ,  C0M{20)7 R 1( 5 0 ) ;  X I ( 5 0 ) ,  G1( 5 0 ) ,  B 1( 5 0 ) ,  G 0 (5 0 ) ,4B 0(5 0 )7  R 0 (5 0 ) ,  x o (5 0 ) ,  T A P (5 0 )7  P S H IF T (9 ) ,  G RTEM P0(9),
5 G IT E M P 0(9 )7 HMAG(9)7 h a n g ( 9 ) 7 ’ x (3 6 6 )7  Y (366 )7_D E LTA X (3 6 6 ) ,6DELTAY( 3 6 6 ) 1 TOLE, COMTOLE, F2T0LE , DEPART, P I ,  R30, R60, R90, 
7R120, R360, DR, AK1, AK27 AK37 P I 7 P 2 , EDUM1, EDUM27 EDUM3,8 S IN 3 0 , C0S30, EP3, EP4, EP6, EP9, ER, HFUND, HRMS, HDF,9HPEAK7 ACCELCOMMON /CHAR/ BUSNAME(20), SUBNAME( 6 ) ,  BTEMPN COMMON / IN IG /  L IN E S (2 750)7  KTRTYPE(5 0 ) ,  KSH AR(50),
1NBTYPE(20)7 NBSUBT(20)7 NBEXT(20)7 KRENUM(2 0 )7  KTRCON( 2 0 ) ,  2K SH TYPE(20), N B SH FT(20), NHVECT(9), NPHSEQ(9)7 N B IN T{100)7  3MHVECT(49 I 7 IO P T (1 4 )7  NOERR, NOERMAX, MAXNB, m a x l in e ;4MAXHAR7 MBHUSE, NB, NLIN7 NNLIN, NNL1, NNL27 N LIN ES, NPVLIN , 5NPQLIN7 N0HAR7 NHIGH, ÏTERCOM, MAXAJAC, MAXHMP 7 NTYPES, NSUBS, 8M XFITER, MXHITER, NTRMAX7 ISDUM1, ISDUM2, NSHMAX COMMON /L O G I/ PATHBTS( 2 0 ) ,  CODE37 C0DE4, CODES, C0DE6, C0DE7, 
1TRUE, FALSE7 t e r m in a l ; CSWING, C0Nv 7 ZOURCE, GPATH

LMAX ะ 1 
IF(KFUND .EQ K1MIN = NLIN DO 1 K1 :  K1MIN,NB IF (N B TY P E (K 1 ) .NE7

2) LMAX ะ NOHAR + 1

L
VMAG VANG AM AG AANG V2 A2 pp QQ

0.0 0.0 ๐ 7 0 0.0 
L

3 .AND. NBSUBT(K1) .L T .  4 ) GO TO 1

1 , LMAX2 *  K1 + 2 *  NB *  (L  -  1)X ( K1P 03)X ( K lPOS -  1) /  VMAGSQRT(GR(K17l ) * * 2  + G I ( K 1 ,L ) * * 2 )ATAN2(GI(Kl7L),GR(Kl7L))

10

V2 + VMAG A 2 + AMAG PP + VMAG QQ + VMAG IF (N B SU B T(K 1) .N e 7

I  ' P ' L  5; ,  :  ppIF (P P  7 LE7 o 7o )PG (K 1) ะ -pp Y (2  *  K1 -  1) = PG(K1) -  P L ( K1) I F (NBSUBT( K1) .EQ. 4)G0 TO 20 Q L(K1) ะ 0 .0  QG(K1) = 0 .0

*  VMAG*  AMAG* AMAG *  COS(VANG -  AANG)*  AMAG *  SIN(VANG -  AANG) 
6 ) GO TO 10
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IF(PG(K1) .GT. 0.0)QG(K1) ะ -QQ IF(PG(K1) ILE. 0.0)QL(K1) = QQ20 D2 = V2 * A2 - pp *  pp - QQ * QQ
Q2 = S {K 1 ) * * 2  -  ( PG( K1) -  P L (K 1 ) ) * * 2  -  D2 
IF (Q 2  .LT .  0 . 0)Q2 ะ 0 .0  
QQ = SORT(Q2)QL(K1) = 0.0 QG(K1) ะ oioIF(PG(K1) .GT. 0.0)QG(K1) ะ -QQ IF(PG(K1) !le! 0.0)QL(K1) ะ QQ 30 Y(2 * K1) = QG(K1) - QL(K1)1 CONTINUE RETURN ENDSUBROUTINE REDUCE(KFUND,KIT)COMPLEX YBUS, CMPZERO, CMPONELOGICAL PATHBTS, CODE3, CODE4, CODES, CODES, CODE7,1TRUE, FALSE, TERMINAL, CSWING, CONV, ZOURCE, GPATH CHARACTER * 2 SUBNAME CHARACTER *12 BUSNAME, BTEMPN CHARACTER * 80 TITLE, COMMENT COMMON /COMP/ YBUS(20,20,9), CMPZERO, CMPONE COMMON /REAL/ AJAC(366,366), GR(20,9), GI.(20,9), FFMAG{2,9) ,1FFANG(2,9), PL{20), QL(20), ร(20), PG(20), QG(20), V(20),2SRCBL{20)1 RCONV(20), FCONV(20), EC0NV(20), DELAY(20)7 RTRCON(20), 3XTRCON(20), COM(20), R1(50), XI(50), G1(50), B1(50), G0(50),4B0(50), RO(50), X0(50), TAP(50), PSHIFT(9), GRTEMP0(9),5GITEMPO(9), HMAG(9), HANG(9), X(366), Y(366), DELTAX(366),6DELTAY(386), TOLE, COMTOLE, F2T0LË; DEPART, PI, R30, R60, R90, 7R120, R360, DR, AK1, AK2, AK3, PI7 P2, EDUM1, EDUM2, EDUM3,8SIN30, C0S30, EP3, EP4, EP6, EP9, ER, HFUND, HRMS, HDF,9HPEAK, ACCELCOMMON /CHAR/ BUSNAME(20), SUBNAME(6), BTEMPN COMMON /INIG/ LINES(2,50), KTRTYPE(50), KSHAR(50),1NBTYPE(20) , NBSUBT(20), NBEXT(20)T KRENUM(20) , KTRC0N(20), 2KSHTYPE(20) , NBSHFT(20) , NHVECT(9), NPHSEQO) , NBINT(100) , 3MHVECT(49), IOPT(14)7 NOERR, NOERMAX, MAXNB, maxline,4MAXHAR, MBHUSE, NB, NLIN7 NNLINT NNL1, NNL2, NLINES, NPVLIN, 5NPQLIN, NOHART NHIGH, ITERCOmT MAXAjAC, MAXHMpT NTYPES, NSUBS, 6MXFITER, MXHITER, NTRMAX, ISDUM1, ISDUM2, NSHMAX COMMON /LOGI/ PATHBTS(20), CODE31 C0DE4, C0DE5, C0DE6, C0DE7,1TRUE, FALSET TERMINAL, CSWING, CONV, ZOURCE, GPATHIF (KFUND .EQ. DJSIZE = 2 * NBIF(KFUND .EQ. 2)JSIZE = 2 * (NB * NOHAR + NNLIN)JS1 = JSIZE - 1DO 1 KDIAG = 3,JS1ISDUM1 = KDIAGKDP1 ะ KDIAG + 1DO 2 KROW = KDP1,JSIZEEDUM1 ะ AJAC(KDIAG,KDIAG)IF(ABS(AJAC(KDIAG,KDIAG)) .LT. EP6)CALL ERR0R(30)FACTOR ะ AJAC(KROW,KDIAG) / AJAC(KDIAgTkDIAG)DELTAY(KROW) = DELTAY(KROW) - DELTAY(KDIAG) * FACTOR DO 3 KCOL = KDIAg7jSIZE3 AJAC(KROW,KCOL) = AJAC(KROW,KCOL) - AJAC(KDIAG,KCOL) * FACTOR2 CONTINUE 1 CONTINUEISDUM1 = JSIZEEDUM1 ะ AJAC(JSIZE,JSIZE)IF(ABS(AJAC(JSIZE,JSIZE)) .LT. EP6)CALL ERR0R(30)DELTAX(JSIZE) = -DELTAY(JSIZE) / AJAC(JSIZE,JSIZE)JS3 = JSIZE - 3 DO 5 JDUM = 1,JS3 J ะ JSIZE - JDUM DELTAX(J) = -DELTAY(J) 6 7

6 DELTAX(J)J = 1DELTAX(J) - AJ AC(J,K) * DELTAX(K)ISDUM1 = JEDUM1 ะ AJAC(J,J)IF(ABS(AJAC(J,J)) .LT. EP6)CALL ERROR(30)5 DELTAX(J) = DELTAX(J) / AJAC(j7J)DO 15 KROW = iTjSIZE DO 15 KCOL = 1,JSIZE 15 AJAC(KROWTkCOL) = 0.0IF(NPVLIN .EQ. 1)GO TO 12 JMAX = 2 * NPVLIN - 1 DO 7 J = 3,JMAX727 X(J) = X(J) + DÉLTAX(J)IF(NPVLIN .EQ. NB)RETURN12 JMAX = 2 * NB - 1IF(KFUND .EqT 2)JMAX = 2 * NB * NOHAR - 1 JMIN = 2 * NPVLIN + 1 DO 8 J - JMIN,JMAX,2 VMAG ะ X(J + 1)VANG ะ X(J) / VMAGVANG = VANG + DELTAX(J) / VMAG
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VMAG = VMAG + DELTAX(J + 1)IF(VMAG .GT. 0.0)GO TO 9 VMAG ะ -VMAG VANG = VANG + PI9 IF(VANG .GE. -PI .AND. VANG .LE. PI) GO TO 11 IF(VANG .GT. PI)VANG = VANG -  R360 IF(VANG .LT. -PI)VANG = VANG + R36011 X(J) = VMAG * VANGIF(VMAG .LT. EP9)VMAG ะ EP9 X(J + 1) = VMAG 8 CONTINUEIF(KFUND .EQ. 1 .OR. KIT .LE. IOPT(12))RETURNJMIN = 2 * NB * NOHAR + 1JMAX = JSIZE - 1K1 = NLIN + 1DO 10 J = JMIN,JMAX,2I TYPE ะ: NBTYPE(K1 )ISUB ะ NBSUBT(K1)IFfITYPE 7gt7 2)go to 10
I F (ISUB .EQ. 3 .OR. ISUB .EQ. 4)DELAY(K1) = DELAY(K1)1+ DELTAX(J) * ACCEL IF(DELAY(K1) .LTโ 0.0)DELAY(K1) = 0.0
IF ( ITYP E  .EQ. 1 ) RCONV(K1) = RC0NV(K1) + DELTAXU + 1) * ACCEL 
IF(RCONV( K1) . LT . 0 . 0 ) RCONV( K1) = EP6IF(ITYPE .EQ. 2 .AND. ISUB .NE. 6)EC0NV(K1) = EC0NV(K1) +1DELTAX(J + 1) * ACCEL 10 K1 ะ K1 + 1 RETURN ENDSUBROUTINE ROTATE(AR,AI,ANGL)A = SQRT(AR * AR + AI * AI)THETA = ATAN2(AI 1AR) + ANGL AR = A * COS(THETA)AI = A * SIN(THETA)RETURNENDSUBROUTINE SERIES(M,ALPHA 1AEND,KFUND.COMYES1KPART)LOGICAL COMYES
r o u p  I C Y  V R IIR  r M P 7 F P n  r.MPHMF
LOGICAL PATHBTS, C0DE3, CODE4, CODES, C0DE6, C0DE7,1TRUE, FALSE, TERMINAL, CSWING, CONV, ZOURCE, GPATH 
r .H Û R û r .T F R  *  9 RIIRKIÛM F CHARACTER * 12 BUSNAME, BTEMPN CHARACTER * 80 TITLE, COMMENT COMMON /COMP/ YBUS(20,20,9), CMPZERO, CMPONE COMMON /REAL/ AJAC(3661366), GR(20,9), GI(20,9), FFMAG(2,9),1 FFANG(2,9), PL(20), QL(20), 3(20), PG(20), QG(20), V(20), 2SRCBL(20), RCONV(20), FCONV(20), EC0NV(20), DELAY(20), RTRC0N(20), 3XTRC0N(20), C0M(20), R1(50), XI(50), G1(50), B1(50), G0(50),4B0(50), R0(50), X0(50), TAP(50), PSHIFT(9), GRTEMP0(9),5GITEMP0(9), HMAG(9), HANG(9), X(366)T Y(366), DELTAX(366),6DELTAYf388), TOLE, COMTOLE, F2T0LE, DEPART, PI, R30, R60, R90, 7R120, R360, DR, AK1, AK27 AK37 PI 7 P27 EDUM1, EDUM2 , EDUM3,

8SIN30, COS30, EP3, ÉP4, EP6, EP9, Er7 HFUND, HRMS, HDf 7 
9HPEAK, ACCELCOMMON /CHAR/ BUSNAME(20), SUBNAME(6), BTEMPN COMMON /INIG/ LINES(2,50), KTRTYPE(50), KSHAR(50),1NBTYPE(20)7 NBSUBT(20) , NBEXT(20)7 KRENUM(20), KTRCON(20), 2KSHTYPE(20), NBSHFT(20) , NHVECT(9), NPHSEQO), NBINT(100) , 3MHVECT(49), IOPT(14)7 NOERR, NOERMAX, MAXNÈ7 MAXLINE,4MAXHAR, MBHUSE, NB, NLIN, NNLIN, NNL1, NNL2, NLINES, NPVLIN, 5NPQLIN, NOHAR, NHIGH, ITERCOM, MAXAJAC, MAXHMP7 NTYPES, NSUBS, 6MXFITER, MXHITER, NTRMAxT ISDUM1, ISDUM2, NSHMAX COMMON /LOGI/ PATHBTS(20), C0DE3, CODE47 CODE51 C0DE6, C0DE7,1 TRUE, FALSE, TERMINAL, CSWING, CONV, ZOURCE, GPATH
CANG = COM(M)IF(ÇOMYES)GÇ)’tO 10IF(LP .EQ. 1 .OR. LP .EQ. 3 .OR. LP .EQ. 5)G0 TO 11 10 GO TO (172,3,4,5) , LP1 ABOT = ALPHAATOP = ALPHA + CANG CC = AK1 - ER / 2.0 CE = AK2ANG = ALPHA

2 ABOT = ALPHA + CANG ATOP = ALPHA + RBOIF(.NOT. COMYES)ATOP = AEND I * 3I  = AK3ANG — ALPHA3 ABOT°=6ALPHA + R60
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c

ATOP ะ ALPHA + R60 + CANG
ร  เ 2 ร ุ ๊ . « «ANG — R60 + ALPHAl ABOT = ALPHA + R60 + CANG ATOP ะ ALPHA + R120 IF(.NOT. COMYES)ATOP ะ AEND + R60
p  ; âANG - R60 + ALPHA5 ABOT ะ ALPHA + R120 ATOP ะ ALPHA + R120 + CANG 
cc ะ -AK1 - ER / 2.0 CE = AK2ANG = R120 + ALPHA 5 DO 16 L1 = 11 NOHAR IF(NPHSEQ(L1) .EQ. 0)GO TO 16 LHAR = NHVECT(LI)GI(M,L1) = GI(M,L1) + CC / FLOAT(LHAR) * (SIN(FLOAT(LHAR) * 1 ATOP) - SIN(FLOAT(LHAR) * ABOT))GR(M,L1) = GR(M,L1) - cc / FLOAT(LHAR) * (COS(FLOAT(LHAR) * 1 ATOP) - COS(FLOAT(LHAR> * ABOT))BTOP ะ CE * EXP(P * (ATOP - ANG)) / (P * p + FLOAT(LHAR) *1 FLOAT(LHAR))BBOT = CE * EXP(P * (ABOT - ANG)) / (P * p + FLOAT(LHAR) *1 FLOAT(LHAR))FTOP ะ FLOAT(LHAR) * ATOP FBOT ะ FLOAT(LHAR) * ABOTGI(M,L1)
GR(M,น) ะ

16 CONTINUE
GI(M,น) SIN(FTOP)) SIN(FBOT)) GR(M,LI) COS(FTOP)) COS(FBOT))

+BTOP* (P- BBOT* (P+BTOP* (P- BBOT* (P
COS(FTOP) COS(FBOT)SIN(FTOP) SIN(FBOT)

FLOAT(LHAR) FLOAT(LHAR)FLOAT(LHAR) FLOAT(LHAR)
**
*
*

GO TO (21,22,23,24,25) , LP21 EDUM1 _̂FA1(M̂ATOP,0.0,KFUND)22 EDUM1 =FA2(M,ATOP,0.0,KFUND)23 EDUM1_= FA1(M,ATOP,-R60,KFUND)CALL FFINT(M,ATOP ,KFUND,+1,KPART)EDUMl = FC1(M,ATOP,-R60,KFUND)24 EDUH1 =FA2(M,ATOP,-R60,KFUND)25 EDUH1 ะ FC1(M,ATOP,-R120,KFUND)26 CALL FFINT(M,ATOP,KFUNDi + 1,KPART)GO TO (31,32,33,34,35) 1 LP31 EDUM1 = FA1(M,ABOT,0.0,KFUND)32 EDUH1 =FA2(M,ABOT,0.0,KFUND)33 EDUM1 = FA1(M,ABOT,-R60,KFUND)CALL FFINT(M,ABOT ,KFUND,-1,KPART)EDUM1 ะ FC1(M,ABOT,-R60,KFUND)34 EDUM1 =FA2(M,ABOT,-R60,KFUND)35 EDUM1_= FC1(M,ABOT,-R120,KFUND)36 CALL FFINT(M,ABOT,KFUNDi“1,KPART)11 CONTINUEIF(IOPT(9) .NE. 0)WRITE (*,1000)NBEXT(M),(GR(M,L1),L1=1,NOHAR)IF(IOPT(9) :ne: oiwRITE (*,1002)NBEXT(M),(GI(M,L1),L1=1,NOHAR)DO 40 LI = 1.NOHARIF(NPHSEQ(L1) lEQ. 0)GO to 40AR = GR(M,L1) * 2.0 / PIAI = GI(M,L1) * 2 .0 / PICALL ROTATE(AR,AI,-PSHIFT(L1))GR(M,LI) ะ AR GI(M,L1) = AI 40 CONTINUEIF(IOPT(9) .NE. 0)WRITE (*, 1000)NBEXT(M),(GR(M,L1),L1 = 1,NOHAR) IF(IOPT(9) Ine; 0)WRITE (*,1002)NBEXT(M),(GI(M,L1),L1=1,NOHAR) RETURN1000 F0RMAT(/1X,’SERIES’,I5,8E15.6)1002 FORMAT(1X,;SERIES’,I5,8E15.6)ENDSUBROUTINE SUMMARYCOMPLEX VK1,VK2,VV1,vv2,AMPS,ZLIN,SK1K2,T COMPLEX YBUS, CMPZERO, CMPONELOGICAL PATHBTS, C0DE3, C0DE4, C0DE5, CODES, C0DE7,



1TRUE, FALSE, TERMINAL, CSWING, CONV, ZOURCE, GPATH CHARACTER * 2 SUBNAME CHARACTER * 12 BUSNAME, BTEMPN CHARACTER * 80 TITLE, COMMENT COMMON /COMP/ YBUS(20,20,9), CMPZERO, CMPONE COMMON /REAL/ AJAC(366,366); GR(20,9), GI(20,9), FFMAG(2,9),1FFANG(2,9)1 PL(20); QL(20); ร(20); PG(20); QG(20), V(2oT;2SRCBL(2Ô); RCONV(20), FC0t4V(20), ECONV(20), DELAY(20)7 RTRC0N(20), 3XTRC0N(2Ô), C0M(20),_R1(50); X1(50), G1(50), B1(50)7 00(50)7 480(50), R0(50), X0(50), TAP(50); PSHIFT(9); GRTEMPO(9);5GITEMP0(9)7 HMAG(9); HANG(9); X(366)‘ Y(366>; DELTAX(366), 6DELTAY(i66), TOLE, COMTOLE, F2TÔLE,'depart; pi, R30, R6Ô; R90, 7R120, R360, DR, AK1, AK2, AK3, P1, P2, EDUM1, EDUM2; EDUM3,8SIN30, C0S30, EP3, EP4, EP6, EP9, ER; HFUND, HRMS, HDfT 9HPEAK, ACCELCOMMON /CHAR/ BUSNAME(20), SUBNAME(6)1 BTEMPN COMMON /INIG/ LINES(2 ; 50) , KTRTYPE(50), KSHAR(50),1NBTYPE(20); NBSUBT(20), NBEXT(20); KRENUM(20); KTRCON(20),2KSHTYPE(20), NBSHFT(20), NHVECT(9), NPHSEQ(9), NBINT(IOO), 3MHVECT(49), I0PT(14), NOERR, NOERMAX, MAXNè; maxline;4MAXHAR; MBHUSE, NB, NLIN, NNLIN, NNL1, NNL2, NLINES, NPVLIN, 5NPQLIN; NOHAR, NHIGH, ITERCOM, MAXAJAC, MAXHMpT NTYPES, NSUBS, 6MXFITER, MXHITER, NTRMAX, ISDUM1, ISDUM2, NSHMAX COMMON /LOGI/ PATHBTS(20), C0DE3; CODE4; CODE51 C0DE6 , C0DE7, 1TRUE, FALSE, terminal; CSWING, CONV, ZOURCE; GPATHCALL PGHEAD(11)KBUS = 0DO j J ะ 1 1MBHUSE IF(KBUS .EQ. NB)GO TO 19 K1 r NBINT(J)IF(K1 ;EQ. 0)G0 TO 1 KBUS — KBUS + 1 WRITE (*,1010)VRMS =0.0DO 4 LHAR = 1 ,NOHARK1P0S = 2 * K1 + 2 * (LHAR - 1 ) * IIBVRMS = VRMS + X(K1POS) * X(K1P0S)4 CONTINUEVRMS = SORT(VRMS)DO 2 K = 1,NLINES KFROM = LINES(1,K)KTC = LINES(2;K,IF(KFROM .NET K1 .and. KTO .ne. K1)G0 to 2IF(K1 .EQ. KTO)K2 ะ KFROM p = 0.0DO 5 LHAR = 1.NOHAR KHAR = NHVECT(LHAR)KSEQ = NPHSEQ(LHAR)IF(KSHAR(K) .LT. 0 .AND. LHAR .EQ. 1)G0 TO 2ClK1P0S = 2 * K1 + 2 * (LHAR - 1) * NB V0LTK1 = X(K1P0S)ANGK1 = X(K1POS - 1) / V0LTK1VK1 ร V0LTK1 * CMPLX(COS(ANGK1),SIN(ANGK1 ))VV1 = VK1VV2 ะ CMPZEROIF(K2 .EQ. 0)GO TO 3K2P0S = 2 * K2 + 2 * (LHAR - 1) * NB V0LTK2 = X(K2P0S)ANGK2 = X(K2P0S - 1) / V0LTK2VK2 ะ V0LTK2 * CMPLX(COS(ANGK2),SIN(ANGK2))IF(KTRTYPE(K) .NE. 0)G0 TO 52IF(KSEQ̂.NE? 0)G0 TO 51 RR = RO(K)XX = XO(K)51 CALL ZLINEfRR,XX,GG,BB,KHAR)3 IF(KSEQ .EQ. 0 .AND. IABS(KSHAR(K)) .NE. 1)G0 TO 5 IF(XX 7ge7 0.0)XX ะ XX * FLOAT(KHAR)IF(XX .IT. 6;6)XX = XX / FLOAT(KHAR)52 CALL°ZTRAN(RR,XX,KHAR)IF(KSEQ .EQ. 0)G0 TO 55 T = CMPLX(TAP(K); 0.0)IF(KTRTYPE(K) .EQ. 6 .OR. KTRTYPE(K) .EQ. 7)T = T *1CMPLX(COS30,-FLOAT(KSEQ) * SIN30)IF(KTRTYPE(K) 7eq! 8 7oR. KTRTYPE(K) .EQ. 9)T = T *1CMPLX(COS30, FLOAT(KSEQ) * SIN30)IF(K1 7eq; KFROM)VV1 = VK1 / T IF(K2 !eq; KFROM)พ2 ะ VK2 / T



55 IF(KTRTYPE{K) .EQ. 1)G0 TO 6IF(KTRTYPE(K) .NE. ธ .AND. KTRTYPE(K) .NE. 8)GO TO 5 IF(K1 .EQ? KFROM .and. KTRTYPE(K) .ne. 6)go to 5 IF(Kl .EQ. KTO .AND. KTRTYPE(K) .NE. 8)GO TO 5 VV2 ะ CMPZERO K2 =071 TM — P M P I  Y /  DD Y Y \AMPS = (VV1 - VV2) / ZLIN + VV1 * CMPLX(GG,BB)SK1K2 = vv1 * CONJG(AMPS )P = P + DBLE(SKIK2)Q = Q + AIMAG(SK1K2)HMAG(LHAR) = CABS(AMPS)IF(K1 .EQ. KFROM .AND. KSEQ .NE. O)HMAG(LHAR) = HMAG(LHAR) /1CAB3(T)HANG(LHAR) = 0.0IF(HMAG(LHAR) .GT. EP9)HANG(LHAR) = ATAN2(AIMAG(AMPS),1DBLE(AMPS))5 CONTINUE CALL HARSTAT VA = VRMS * HRMSD2 = VA*VA-P*P-Q*Q IF(D2 .GT. EP9)D = SQRT(D2)
I F ( K 2 .NE 0)WRITE( * , 1 0 0 0 ) j 7bUSNAME(K1) 1NBEXT(K2), BUSNAME( K2),HFUND, ihrms7hpeak,hdf, p ,q , d , vaIF(K2 .EQ. 0)WRITE (*,1002)J,BUSNAME(K1),HFUND,HRMS,HPEAK,HDF, 1P,Q,D,VA 2 CONTINUEIF(ABS(SRCBL(K1 )) .LT. EP6)G0 TO 8p = o7oDO=1o" LHAR = 1 ,NOHAR KHAR = NHVECT(LHAR)K1P0S = 2 * K1 + 2 * (LHAR - 1) * NB V0LTK1 = X{K1POS)ANGK1 ะ X(K1P0S - 1) / V0LTK1VK1 = V0LTK1 * CMPLX(COS(ANGK1),SIN(ANGK1))QSHUNT ะ V0LTK1 * V0LTK1 * SRCSL(ki)IF(QSHUNT .GT. 0.0)QSHUNT = QSHUNT / FLOAT(KHAR)IF(QSHUNT .LT. 0.0)QSHUNT = QSHUNT * FLOAT(KHAR)AMP5 ะ CMPLX(0.0,-QSHUNT) i CONJG(VKI)HMAG(LHAR) = CABS(AMPS)HANG(LHAR) =0.0IF(HMAG(LHAR) .GT. EP9)HANG(LHAR) ะ ATAN2(AIMAG(AMPS),1DBLE(AMPS))Q = Q + QSHUNT10 CONTINUE CALL HARSTATVA = VRMS * HRMSD2 - VA *VA-P*P-Q*Q IF(D2 .GT. EP9)D ะ SQRT(D2)WRITE (*, 1004)J,BUSNAME(Kl),HFUND,HRMS,HPEAK,HDF,p,Q,D,VA 8 IF(NBTYPE(K1) .EQ. 0)GO TO i 
p = 0 .0D0=11'LHAR ะ 1,NOHARK1P0S = 2 * K1 + 2 * (LHAR - 1 ) * NBV0LTK1 = X(K1POS)ANGK1 ะ X(K1P0S - 1) / V0LTK1VK1 ะ V0LTK1 * CMPLX(COS(ANGK1),SIN(ANGK1))AMPS = CMPLX(GR (K1 , LHAR) 7ÔI (K1 ,LHAR) )SK1K2 ะ VK1 * CONJG(AMPS) p ะ P + DBLE(SKIK2)Q = Q + AIMAG(SK1K2)HMAG(LHAR) ะ CABS(AMPS)HANG(LHAR) =0.0IF(HMAG(LHAR) .GT. EP9)HANG(LHAR) = ATAN2(AIMAG(AMPS) ,1DBLE(AMPS))11 CONTINUE CALL HARSTATVA = VRMS * HRMSD2 = VÀ*VA-P*P-Q*Q IF(D2 .GT. EP9)D ะ SQRT(D2)WRITE (*,1006)J,BUSNAME(K1)1HFUND,HRMS,HPEAK,HDF,p,Q,D1VA 1 CONTINUE 19 CALL PGHEAD(12)KBUS ะ 0DO 20 J = 1,MBHUSE IF(KBUS .EQ. NB)RETURN K1 ะ NBINT(J)IF(K1 7ËQ. 0)G0 to 20KBUS = KBUS + 1DO 21 LHAR = 1.N0HARK1P0S = 2 * K1 + 2 * (LHAR - 1 ) * NBHMAG(LHAR) ะ X(K1P0S)HANG(LHAR) = X(K1P0S - 1) / X(K1P0S)21 CONTINUE
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CALL HAR3TATWRITE ( *, 1008)J,BUSNAME(K1),HFUND,HRMS,HPEAK,HDF 20 CONTINUE RETURN1000 FORMAT(1X,I4,2X,A12,2X,I4,2X,A12,2PF10.2,3F10.2,4X,4F10.2)1002 FORMAT H x", 14,2X,A12,2X, NEUT ,2X,’Z SHUNT’,5X,2PF10.2,3F10.2,1004 FORMAT(ix,14,2X,A12,2X,’NEUT’,2X,’Q SHUNT’,5X,2PF10.2,3F10.2,1006 FORMAT(ix,14,2X.A12,2X,’NEUT’,2X,'NONLIN DEV.’,1X,2PF10.2,1008 ̂ FÇRMAT(1X i1422X̂A12,2PF10.2,3F14.2)1010 FORMAT(1X,122(1H-))ENDSUBROUTINE YBUILDCOMPLEX YLINE, YFS, YTS, YFT, YTF, zz, T COMPLEX YBUS, CMPZERO, CMPONELOGICAL PATHBTS, C0DE3, C0DE4, C0DE5, CODES 1 C0DE7,1TRUE, FALSE, TERMINAL, CSWING, CONvi ZOURCE, GPATH CHARACTER * 2 SUBNAME CHARACTER * 12 BUSNAME, BTEMPN CHARACTER * 80 TITLE, COMMENT COMMON /COMP/ YBUS(20,20,9), CMPZERO, CMPONE COMMON /REAL/ AJAC(366,366), GR(20,9), GI(20,9), FFMAG(2, 9 ) ,1FFANG(2,9) 1 PL(20) QL(20), ร(20), PG(20), QG(20), 1/(20) ,2SRCBL(20), RCONV(20), FCONV(20), EC0NV(20), DELAY(20) , RTRCON(20), 3XTRC0N(20), C0M(20), R1(50), XI(50), G1(50), B1(50), G0(50), 4BO(50), R0(50), X0(50), TAP(50), PSHIFT(9), GRTEMPO(9)7 5GITEMP0O), HMAG(9), HANG(9), X(366), Y(366)7 DELTAX(366),6DELTAY(366), TOLE, COMTOLE, F2T0LE, DEPART, PI, R30, R60, R90, 7R120, R360, DR, AK1, AK27 AK37 PI, P27 EDUM1 , EDUM2, EDUM3,8SIN30, COS30, EP3, EP4, EP6, EP9, ER7 HFUND, HRMS, HDF,9HPEAK, ACCELCOMMON /CHAR/ BUSNAME(20), SUBNAME(6), BTEMPN COMMON /INIG/ LINES(2,50), KTRTYPE(50), KSHAR(50) ,■1NBTYPE(20)7 NBSUBT(20), NBEXT(20), KRENUM(20), KTRCON(20),2KSHTYPE(20), NBSHFT(20), NHVECT(9), NPHSEQ(9), NBINT(100),3MHVECT(49), IOPT(14)7 NOERR, NOERMAX, MAXNB, MAXLINE,4MAXHAR, MBHUSE, NB, NLIN, NNLIN7 NNL1, NNL2, NLINES, NPVLIN, 5NPQLIN, N0HAP.7 NHIGH, ITERC0M7 MAXAJAC, MAXHMF>7 NTYPES, NSUBS, 6MXFITER, MXHITER, NTRMAX7 ISDUM1, ISDUM2, HSHMAX COMMON /LOGI/ PATHBTS(20), C0DE3, CODE47 CODE5, C0DE6, C0DE7,1TRUE, FALSE, TERMINAL, CSWING, CONV, ZOURCE, GPATHDO 1 L = 1.N0HAR KHAR ะ NHVECT(L)KSEQ = NPHSEQ(L)DO 5 L1 = 1,NLINESIF(KSHAR(LI) 7lt7 0 .AND. L .EQ. 1) GO TO 5 LFROM = LINES(1,L1)LTO = LINE3(2,L1)IF(KSEQ 7eq! 0) GO TO 10 RR = R1(L1)XX = XI(LIjIF(KTRTYPE(L1) .NE. 0 .OR. KSHAR(L1) .NE. 0) GO TO 30 CALL zLINE(RR,XX,GG,BB,KHAR)T_ = CMPONE30 IF(KTRTYPE(L1) .NE. 0) GO TO 31IF(XX .GT. 0.0) XX = XX * FLOAT(KHAR)IF (XX ..LT. 0.0) XX ะ XX / FLOAT (KHAR)T_-_CMPONE31 CALL ZTRAN(RR,XX,KHAR)T = CMPLX(TAP(L1),0.0)IF(KTRTYPE(L1) .EQ̂ 6 .OR. KTRTYPE(L1) .EQ. 7)T = T * 1CMPLX(COS307-FLOAT(KSEQ) * SIN30)IF(KTRTYPE(L1) .EQ. 8 .OR. KTRTYPE(LI) .EQ. 9)T ะ T * 1CMPLX(COS3o7FLOAT(KSEQ) * SIN30)32 YLINE = CMPONE / CMPLX(RR,XX)YFS ะ YLINE / T / CONJG(T) + CMPLX(GG1BB)YTS = YLINE + CMPLX(GG,BB)YFT = YLINE / CONJG(T)YTF = ■YLINE / T10 IF(KTRTYPE(L1) .NE. 0 .OR. KSHAR(L1) .NE. 0)GO TO 16 RR = R0(L1)XX = X0(L1)BB = BO(LI)ZZ = CMPLX(RR.XX)F = CABS(ZZ)IF(F .GT. EP6)G0 TO 17 ISbUMI ะ 0 I3DUM2 = 0 -IF(LFROM [ne. 0)ISDUM1 = NBEXT(LFROM)IF(LTO .NE. 0)I3DUM2 = NBEXT(LTO)CALL ERROR(45)
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17 CALL ZLINE(RR,XX,GG,BB,KHAR)GO TO 1816 RR = R1 (L1)
XX ะ X I a i  )
I F ( KTRTYPE(L1) .NE. 0)GO TO 12 
IF ( IABS (KSHAR (L1 ) )  . 0 t 7 1)GO to  5 
IF (XX  .GT. 0 .0 )X X  ะ XX *  FLOAT(KHAR)IF(XX .LT. o.oixx 5 XX / FLOAT(KHAR)18 YLINE ะ CMPONE / CMPLX(RR,XX)YFS = YLINE + CMPLX(GG,BB)YT3 = YLINE + CMPLX(GG,BB)YFT = YLINE
YTF ร ' YLINE12 CALL ZTRAN(RR,XX,KHAR)YLINE = CMPONE / CMPLX(RR,XX)IF(KTRTYPE(L1 ) .NE. 1)GO TO i3 T = CMPLX (TAP a i)To.0)YFS ะ YLINE / T / CONJG(T)YTS r YLINEYFT = YLINE /CONJG(T)YTF ะ YLINE / T13 IF(KTRTYPE(L1) .NE. 6)G0 TO 14 YFS ะ YLINEYTS ะ CMPZERO YFT = CMPZERO YTF = CMPZERO14 IF(KTRTYPE(L1) .NE. 8)GO TO 5 YFS ร CMPZEROYTS ะ YLINE YFT = CMPZERO YTF = CMPZERO20 IFaFROM 7ne7 0)YBUS(LFROM,LFROM,L) = YBUS(LFROM,LFROM,L) + YFS IF LTO .NE. 0)YBUS(LTO,LTO,L) = YBUS(LToTlTO,L) + YTS IF(LFROM .EQ. O .Or7 LTO .EQ. 0)G0 TO 5 YBUS(LFROM,LTC,L) = YBUS(LFROm7LTO,L) - YFT YBUS(LTO,LFROM,L) = YBUS(LTo7lFROM,[) - YTF 5 CONTINUEIF(KSHTYPE(LÎ)B.EQ. 0)G0 to 15IF(KSEQ .Ear 0 !aND. KSHTYPE(LI) .GT. 1)GO TO 15 BB = -SRCBL(L1)IF(BB .GT. 070)B B ร BB * FLOAT(KHAR)IF(BB .LT. 0.0)BB = BB / FLOAT(KHAR)
Y B U S (L 1 7L 1 ,L ) = Y B U S (L 1 ,L 1 7 l ) + CMPLX( 0 . 0 , BB)15 CONTINUE 1 CONTINUERETURN
ENDSUBROUTINE ZLIME(R,XREACT,G , B , KHAR)COMPLEX Cl,C27gAMMA,ZO,CEXPi 7cEXP2,ZPI,YPI COMPLEX YBUS, CMPZERO, CMPONELOGICAL PATHBTS, C0DE3, CODE4, CODE5, CODE6, CODE7,1TRUE, FALSE, TERMINAL, CSWING, CONV, ZOURCE, GPATH CHARACTER * 2 SUBNAME CHARACTER *12 BUSNAME, BTEMPN CHARACTER * 80 TITLE, COMMENT COMMON /COMP/ YBUS(20,20,9), CMPZERO, CMPONE COMMON /REAL/ AJ AC (366,366 ) , GR(20,9), GI(i20,9), FFMAG (2,9) , 1FFANG{2,9), PL(20), QL(20), ร(20), PG(20), QG(20), V(20), 2SRCBL(2Ç) , RCONV(20),̂ FCONV(20), EC0NV(20), DELAY(20)7 RTRC0N(20), 3XTRCON(20), COM(20), R1(50) , xi (50), Gi(50), B1(50), G0(50)7 4B0(50), R0(50), X0(50), TAP(50), PSHIFT(9), GRTEMPO(9)7 5GITEMP0O), HMAG(9), HANG(9), X(366)T Y(366)7 DELTAX(366), 6DELTAY(366) , TOLE, COMTOLE, F2.T0LE, DEPART, Pl7. R30, R60, R90, 7R120, R360, DR, 7aK1 ,7 AK27 AK37'PÏ7 P27 EDUM1 , ÉDUM2, EDUM3,8SIN30, C0S30, EP3, EP4, EP6, EP9, Er 7 HFUND, HRMS, HDF,9HPEAK, ACCELCOMMON /CHAR/ BUSNAME(20), SUBNAME(6)1 BTEMPN COMMON /INIG/ LINES(2,50), KTRTYPE(50)1 KSHAR(50),1NBTYPE(20), NBSUBT(20), NBEXT(20)7 KRENUM(20), KTRC0N(20),2KSHTYPE(20), NBSHFT(20), NHVECT(9), NPHSEQ(9), NBINT(ioO),

3MHVECT(4 9 )  , IO P T (1 4 )7  NOERR, NOERMAX, MAXNB^ MAXLINE,
4MAXHAR, MBHUSE, NB, N L IN , NNLIN7 N N L i, NNL2, NLINES, NPVLIN, 
5NPQLIN, N0HAR7 NHIGH, ITERC0M7 MAXAJAC, MAXHMP.7 NTYPES, NSUBS, 
6MXFITER, MXHITER, NTRMAX7 ISDUM1, ISDUM2 , NSHMAX 

COMMON /L O G I/  PATHBTS( 2 0 ) ,  CODE3 , CODE4, CODE5 , C0DE6, C0DE7,1TRUE, FALSE, TERMINAL, CSWING, CONV, ZOURCE, GPATHIF(XREACT .GE. 0.0)XREACT = XREACT * FLOAT(KHAR)IF(XREACT .LT. 0.0)XREACT = XREACT / FLOAT(KHAR)
I F (B 7GE. 6 7 o )B = B * FLOAT(KHAR)IF(B . LT. 0.0)B = B / FLOAT (KHAR)
RETURN
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END
SUBROUTINE ZTRAN(R,X,K)
IF (X  .GE. 0 .0 )X  = X *  FLOAT(K) 
Ï f | x IL T .  o ! o )X = X /  FLOAT(K) 
RETURN 
END
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