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b The gain in the excitation system and
2 The shange on the generator terminel voltage for saall
change in rotey angle at constant flux linkages.

Intorestingly swveral caces studies have revesled that
the second factor can mssume negative valves in large and
weakly conneoted power syatems. if added to this, the high
gain of exeitation systen vorsens the sifvation, the net
result being sither spetain omcillations in the active power
or mackins gebting ont of step in sxtreme chses,

In ocrder o improve systen damping more sotive pover
abould be given off ot the generater terminal when the rotar
in accelerciad and less when 4% 40 deceslemted, The eliy
stabiliser porformence charscterietic is shown in Pig, 4.5,

The slip stabiliser m;w is required to provide the
‘supplenentary signals® for controlling the active pewer, The
u}imi can be derived fren apeed and the cutput of ‘slip atabi~
liser® i fed to the AVE, The rotoxr speed would be ides) oo
demiving sisbilising signal, but it is geverally avoided sinoe
the design of suitatle speed transduver and the associated
Lilters calle for complecated mechanioal and electrical
squipment: The aimple and dfrvect mathod invelved 4in veing
ackive pover as stabilising signal moke 1t advantagecus and
preferable aver any other method, The guin setting of the slip
stablliser should be properly selected for effsctive use of
the same,; Hinoce the Adamping present in s systes depends on
the opsrating conditions, the theoretically detercvined gmin
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3 BAACCTD, Aoclsing potvesin, MoAtoro (coturatden alrsddn),
ocoparalon o2 datognlann, D0 candeg eeonator nedod geen 05
Sromager Crootien MWedt Adogman 30 (ovolopad oo Zoddcor
{c} o cleaeo of otaddo anodtadden cyoten opo Apdividunildy
arandaone’. e cyolon nododdns,
(0} o0 8 Moo ogenddenn, ootile} dasad « onlpud FORaicss
Cp 0f {ondvilond odanoatn ont Coodvod £ren ¢ (oonofor fenollcte

(o) A0 Qe coaph Bez ondd closon 4o ol Sl Bewo
e IR N pinig R pr epe v Vi loeT:
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(1) The nodes repressnts variables of a systes. It adde
the ineoming signals and trangmit the *um to all oudgoing
Yranchens ,

(1) A bamneh Andioates the functionnl depsnience of one
variable on othere. | |

(111) A mimed reds which ha@ both inconing and outgeing
bronches, may be treated ac an cutput node dy additing an
sutgoing Lranch of unity gaine

(8¥) Por o given syetenm sigmal flos greph is not unique.
Many different signsl f£iow graphe can be drawn for a given
‘synten by writting the aysten eguation differently.

(d)  The branches showing gaino are replacsd by amplifiers,
shile others having l/a factor (o 48 the .aplece cperator)

are replacsd by integrators, It will be further slaborated 4n -
the following ALsoussion,

52,5 The Jimiters have o linear inmudeottput relotion betwesn
the presct lever and upper linits, These linits represents the
satummtion of the funeftiun, |

£.,2,6 The eonparetor used 1s o gsro arosoing dstooctor, whone
output switehes frox ond tarninal peint to other, os the input
changess Lrom & positive value to a negative. The expression
for input-output Telaticn arv as follows:
If z2<0 ¥ = £(x) and

=0,
It x>0 Fi=0 and

y2 = £(x)
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where x is the input to the corperator,

¥1 and y2 are tvo ocutpuls,
5&3 Dentripbion:

e dovelopaent of the analog computer model for each
inddvidual is demcribed below:
Ge34) Inpub Filtering Cirouid:

The ranefer mt#.m of dnput filtering vols is given
by axpression,

FiO/x() =2/ QG vat) ese (541)
where  y(t} 1s the output,
%(t) 48 the input and
Tr  in the time constant of the oirouié. IV can
sluo be written sa '

(3 + 8 5% y(e) = x(¢)
or y(t) + IR y(6) = x(t)
Fi%) = (x(t) » y(t)/% sre {5.2)
vhere, F(8) = ay(s)/at
The signal flow greph sod analog computer model is deterwdned
an ahown in Fige 5.2(b) and Pigs 5.2(0) respsotively,

53,2 RID Comtroller:
The PID netwerk im consist of an amplifier snd Jesd-log
networks The srror signal st Smput of AVR is fed to the lead Ing
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u(d) + 5 23 u(s) = x(¥) |
oF u(t) » (x(t) « u{s)}/s T3 ene {5a11)
The sigml flww gruph and analog eonputer modeld is derived
from thene sgkations, ss shown im Fige 55
SeSed mmunm Kotwork: ,

Tha provortionsl chaunel of PI network s & gain X1 and

trassfer funotion of Intsgyal ehammel can e sxprwssed as

rle)/x(t) = 22/ + 0 24) C s (5432)
The two ahanmels are in parellel. Phe equation {542} ean o
writton es

yit){s + » T8) » X2 x(%)
or w4} +x % y(®) = 22 x(¥)
e ylH) » (12 x{t) - y(8)/n 84 ves (5415
Fige %:6 shown the teansfer fumckisn blook disgrem, sigml
flow greyk snd soslog oonputsr nadel of the DI networks

Prow the oosbination of wbave the folioving annlog
senputer mofele have bean davelopsd from the following three sneee:

(1) AV without limtters shown in Yige %7,

{11) AVE with linmtters shown in Fig. 5.8 and

(241) AVR with Yimiters and siiy s¥abiitisor Shown in
Fige 549
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$,0 REGULPE AND DISQUSSIOND:

| Computer pregrex 1e developsd te determime the perfor-
mnoe and shavaeterintios of atatis excitation systes, Thw
prograis comming of tifteen subroutinam, Jetsils of eseh
subroutiine and sadn yrogran sré given in Appendix-l. Progras
listing, Sagut Sntes and resuldn far ench ¢sne is attnohed
A% the ad of dissersasion,

6.1 AYR (haresteristies:

Yigurs 5.7 showe tho amaliog computer uodel of the AVYR
(vithews limiters). The respoxve of AVR Sn deterained for a
Step and sinusoddal input at Ahe meching tevzinel veliuge,

e normal valne of terainal veliage corresponding %o 7.0 voliw
d.0. 8% AVE Anput. A d5y of apyroxicately five percent of
tarsinal voltuge (0:35 veltn) i3 glven to the AVE inpus and
rasponss is sbesrved, |

Pig. §.1 shows the variatisn of tield volwmge (Vo) werety
terzinal valinge (Vo)e Zhe value of £1e14 voltage (Vy) is .
dsternined ns & funetion of tlww for etop and adnmuscidal dnpuds
(0,35 velte 4n mgnituds) cc ¥aat 1% will drive the field
v2ltsge to sedling value in a minimue peseidls time, Tni¢ially
ba inpat Vg $3kes & secstant valus for 0,002 seosnds duration
thereattsr 1t shangts (in ene atep) to anather valve, lever
Yhan the WISWRl value. As the dip Lo edeerve the 24434 volWege
Ancrennss at & vary fast rate. e 1018 volisge veashes do ite
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4%
e0Lling valus in 0,008 ssoonds, The AVR is of high initisd
respenstd type (Exoitation systes Daving « Xespensh im0 lese
than 50 8 are ealled high initisl yesponse 4ype).

e systen responss is alie observed for a siusatdal
dips A% 44 0.2 sscond the Smput again ¢hanges sad a idlp Lo
obaarved at derxinel voliuge, e pature of dip is einuscilel
apd desorided Wy the Dunsdien
dip = DI¥ x BIN (M4 x (TIHR » 0,08)) sre (B3}
vhere DIF &{» the saxisun value #f dlp,

She Yigs . slmo shows the respunse of AVR 4o s sirmioidal
dips She wystem takes 40 =3 to incvonss 1414 voltsge from
Ats nomimal valus to the ceiling velxe, The resulis ware
cupared with the charaetsrvistian svailadls in the Jitera~
ture [3,22].

6.2 Dedemmipation of AVR Paresaters:

he pregran 18 develepsd te duterainge the eptiml walues
of AVE parensters. Initially sack variadle is assigned suitable
wlues busok ‘on L3018 resulve availadle [3,12,16,18), Then
PATGNALETS wre Veried (in wuitedly stepe) in spesified renges,
The Ani¥isl vaiues of paraseters and sonstants sve salsotod
80 that hees valusw are withia desiradle Xiaitm, The varisble
. (time cimetant of Lead network) is varisd in step of 05
sssonds sl yesponse 1p sdevludeds In ends, the £isld veltege
reachas ¥ L48 eelling value Vy . (8,0 700t), then tbe
response VAN and serrespsading parewetars vaiusk are neted,
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N difterent paranecters ave varied vithia epeeilied
1inits by giving a eaall inarement and the Tesponse time in
sadh eass is calenisted Lor & step input. A% one time only
one parsseter 18 considered sr o varishlo and all ether
paransiers ure aken a8 sonstent, ,

The pavaneter value for Whish 4Bo ;eopomss time is
mintaum ie comeidersd ad optiel valuu, which will be used
in furthey ealonlations, Mus, Wi sinieen Tespouss Yime and
corresponding parasetor valuss i deterained,

Simllar steps ave invelved in detormining the optisad
valuss of B, Vi, V5 and V5 (thews parcastern sye defined in
Appendin-~1), The paraneters of PID nstwerk foy rotos angle
Amiter, fis14 current liniter sad stater currest liniter are
censidered sane as discusned ohovas The follwwing assuaptiens
aXe Nede:

The lead network have o independent tine constant, The
ead time cczatant 4a adjustadls from 0.5 t0 1040 secent and
the leg i constant is adjustalle from 040F t0 0.6 meconds
1he load $ine constsat seyve to coupinoasy for the time delay
fnherens 4n he exoltation systen, The leg tizme constant are
necessarily saell for practicel sitss considevatisne, The Iag
 %ime conatand should mot B¢ lens dhan L/10%H of the lead time
aonstant. The mtoimun tiwe conedent should be at Jesat five
of times Vin integratisn Sine sdep, Zhe aliowadle gain pottings
are limitel ly the srability f +he ocontrol loop and neixs
conbiderationn,
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sptimal values of other paratwters (M, X1 and X2), Sisilar
SYepE Are fevelve in deternining ke optimed value &f other
*liy atibilioss paraneders,
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(A) PROGEAN MEVELOPNENE: |

e duvelopment of somputer pregram [19] for snalysing
statie axeitntion systen fuvolves $he following steym:
(L)  The anadeg conputer weded of the aysten sassist of
variens inbeprators, aopiifiers and 1isitars. Buffictient
mmbere of yardablen LiXe integrater outpuls, swmer sutpute
and 14niter outputs are defined on et redetiows Dotwesn them
sre quids abvivom, seans variahle of a zode will do Camatien
ot the proseviing varishies, |
(1)  Intemodiate varishlos axe dafined &8 functien of apud
signal, refovancs signal and Integuntor outputs ot wariouw
valuvant paiits, '
(i11) Rspressions fer input to tategreters (FIU0) are dofined
a8 fusction of intermadinte varishiss and intesrater cutpud,
(sv)  Bxpression for the Anitisl ixtegrater sutpule avw
detarained conaddering inpud te Indigrater as sero duriag
- wtondy atate of he systin, |
(v)  The progren for the malutien of comtrcller medel arw
developad for sil the thoes semem (1) ATR slone, {41) AVR with
Aindtars and (413) AVR with limtoere and #dip staddliwer,

e Yesponae of th systen 1a Seternived in twe steps »
{s) Datevsimtiam of inttinl senditions s¢ varieus relevent
points of ¥he dysten snd
(%) s 1atenrete ovar & TANO8 ting Sbep,
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(B) MAIN PROGRANM YUNOTIONS:
to

A medn pregran is Sevalepsd perforn Whe follewing
fonationst
(3} 14 saisdindan the LYR chavanteviatics o u etep and
sinuseidal dlp at mohine derninsd voltegs (Vo).
(14} X% salcuiates the optised wvelvwes of AVR peramsters o
give o aindmom ries tiue, |
(143) T+ deterioes the sffest of (8) Setew dngle Liniter,
(d) Field Ourrent Limdter and (0) Mader Current Tiaiter on
AR puriorinids
(3) 1% provides Informstion regurding the offest of #ldp
Stabliiser o8 AVA, |
{¥) . 16 detarsines the ophimed Yoluam of slsp slebiidser
PRTRAG LN,

D@rnam have been devaleped for oaleulabing the iaiwdad
eonditions of the variakles priog 40 sistlation snd then deter-
Antegvation siey durisg the staulation. Linting of the pregmn
snd reeulty 239 givea sl the end of disseration, Ty variaklss
e value of time | - 20

ey sty oise - THTEP
IntHial ve2ue of stator eurrent Lisiter iapwt = VC

Inftial valve of reter angle liwiter input “¥p

Inttinl value of Lie3d evrrent limiter input wYE
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113

112

111

110
561

SUBROUTINF TO CALCULATE AVR PARAMETERS

SUBROUTINE AVRPMS(I)

COMMON/BLOCKS/VC,VD,VE,D1,D2,03,D4
COMMON/BLOCKS/TFIN,NSTEP , NTYPE

COMMOU/BLOCKL /TIME, TSTEP

COMMON/BLGCK2/ V1(30),V5(30),V6(30),VREF(30),VRNAX(30)
(VRMINC30),VF(30),T1(30),42(30),T5(30),VFMAX(30)

P VEMIN(30)

COMMON/BLOCK3/ PLUG(30),0UT(30),5AVE(30)
COMHON/BLOCKA4/DELREF (30) , CIFREF(30) ,CLGREF (30),DELACT(30),
CLFACT(30),CIGACT(30)

COMMON/BLOCKS/ALMAX(30) ,ALMIN(3U),T3(30),T4(30),AK1(30),AK2(30)
s PWACT(30)

COMMON/BLOCKT/DIP(30),VI(30),VT1(30)

COMMON/BLOCKG /Txmsﬂg3U),Tx1(10,3e),Tnglo,§o),va;(10,3o3,
VNS(10,30),VN6(10,30),TSM, TN3(10,30),TH4(10,30) (AKN1(10,30)
,AKN2(10,30)

I=1 |
CALL READ(I) | jd'fﬁﬁTj
DO 113 J=1,20 "
TIMEN(J)=0.0

CONTIRUE

TSH=0 .0

Ti1(D)=0.0 )
TYPE 112

FORMAT(3X,*SUBROUTIVE FOR CALCULATING AVR PARAMETERS®) .,
DO 10 J=1,20

T1(I)=T1(I)+.5

TIME=0,0

TH1(I,J)=T1(I)

CALL INPUTCL)

CALL AVR1(I)

IF(TIME.GE.TFIN)GU TO 1@

PERFORM INTEGRATION STEP

CALL INT(I)

TIMESNSTEP*TSTEP

NSTEP=NSTEP+1

NTYPE=NTYPE+1

CHECK FOR NEW NETWORK CONPDITIONS
IF((VFHAX(I)~VF(I)).GT.1E=03)G0 T0 11}
TIMEN (J)=TINE

TAL(I,d)=T1(I)
TYPESOL1, TIMEN(JI) ,VF(I},IN1(I,J) ,T2(1),V1(1),VS(L),V6(L)
FORMAT (1X, “TIMEN(U)=",F8.4,X,"VE(L1)=" ,FB.4,X, "TL(L,J)=",F8.4,X,



10

15

61

213

1

222

120
502

7

20

*12(1)=",F8.4,X,/,2K,"V1(L)=",FH8,4,X, V5(1)=",F8.4,X, " Vo(L)="
F8,.4/7)

CONTINUE

TSH=TIMEN(1)

DO 15 J=1,20

IF(TIMEN(J)=TSMY3,3 ,15

TSM=TIMEN (J)

K=J |

CONTINUE

TYPE6],K, TIMEN(K) ,TN1(I,K)

FORMAT(3X, "K=",15,X, "TIMEN(K)=",F8.4,X, "INL(I,K)=",F8.4//)
CALL READCI) '

nO 213 Jd=1,20

TIMEN(J)=0.0

CONTIHUE

TaM=0,¢

TYPE17,THL(L,K)

FORMAT (10X, “TNL(L,K)=",F10,4/)

TL(I)=TN1(I,K)

T2(I)=0.0

DO 20 J=1,20
T2(I)=T2¢1)+,03

TIME=2,0

TH2(I,J)=T2(1)

CALL INPUT(X)

CALL AVR1(I)
IF(TIME.GE.TFIN)GU TO 20
PERFORM INTEGRATION STEP
CALL INT(I)
TIME=NSTEP¥TSTEP
NETEP=NSTEP+1
NTYPE=NTYPE+1

CHECK FOR NEW NETWORK CONDITIUNS

IFCCVFMAX(I)=VF(1)).GT.1E=03)G0 TU 222

TN2(I,9)=T2(1)

TIMEN(J)=T1ME

TYPES02, TIMEN(J), VF (1), T1LI) ,IN2C1,J),V1(1),V5(1), Ve (L)
FORMAT(1X, "TIMEN(J)=" ,F8.4, X, "VEC(L)=",F8,4,X,"T1(1)=",F8,4,X,
TIN2QYI,0)=" FB.4,X, /22X, "VI(I)=",F8,4,X,"VS(1)=",FB.4,X, VO(1)=r"
'F8.4/7)

CONTINUE

TSK=TINEN(1)

PO 115 J=1,2¢

IF(TIMEN(J)=TSM)13, 13,115



13"
14,
15
16:
17

19
20

21

23

24 -

25
26

28
29
30,
31

rRs

13
115

62

313

27

333

130
503

30

23

215

TSM=TIHEN(J)

KK=

CONTINUE

TYPE62 , KK, TIMEN (KK) ,TH2 (T ,KK)

FORMAT (3K, “KK=",I5,X, “TIMEN(KK)=" ,F§.4,X, " IN2(I,KK)=",F8.4//)
CALL READ(I)

DD 313 J=1,20

TIMEN(J)=0.0

CONTINUF.

TSM=0,0

TYPE27,TN2(I,KK)

FORMAT (16X, “TN2(I,KK)=,F10,4/)
T1CI)=TF1(L,K)

T2(I1)=TH2(I,KK)

V1(I)==200.

DO 30 J=1,9

V1(I)=V1(I)+20,

TINE=0.0

VN1(T,d)=V1(T)

CALL INPUT(I)

CALL AVR1(I)

IF(TIHE.GE.TFIN)GU TO 30

PERFORM INTEGRATION STEP

CALL INT(I)

TIME=NSTEP*TSTEP

HSTEP=NSTEP+1

HIYPE=NTYPRE+1

CHFECK FOR NEW NETWORK CUNDITIONS
IF((VFMAX(L)=VF (L)) GT.1E=03)GO TO 333
TIMEN (J)=TIME

YN1(T,J)=V1i(I)
TYPES03,TIMEN(J),VF(I),T1(I),T2(I),VNLC(I,J) ,V5(L),Ve(l)
FORMAT(1X, *TIMENCJI)=",F¥,4,X, "VF(L1)=",F8.4,X, "TL(L)=",F8.4,%,
*T2(1)=" ,FB.4,X,/,2X, "VN1LI,J)=" F9.3,X, V5(1)=",FB.4,X, "V6(I)="
/F8.4//) ‘

CONTINUE

TSM=TIMEN (1)

DO 215 J=1,9

IF (TIMEN(J)=TSM)23,23 ,215
TSM=TIKEN(J)

LL=J

CONTINUE

TYPK63,LL, TIMEN(LL) VN1 (I, LL)

CODAATIIVY #1.1.—=® TS Yy _PTIMFRILILIS . FR_4. XL VNI(T.LLY=".FY.3//71



413

37

444

140
504

40

93

315

64

CALL READ(I)

DO 413 J=1,20

TIMEN(J)=d.0

CONTINUE

TSH=0.0

TSM=0,0

TYPE37,VN1(L,LL)
FORMAT(10X, VN1 (L,LL)=",F10.4/)
T1CI)=TN1(I,K)

T2(I)=TN2(I1,KK)

Vi(I)=VNi(I,LL)

V5(1)=G.0

DO 40 J=1,20

V5(I)=V5(I)+,02

TIME=Z0,0

VNS(T,d)=V5(T)

CALL INPUT(I)

CALL AVR1(I)

IF(TIME.GE.TFINIGD TO 40

PERFORNM INTEGRATION STEP

CALL INT(I)

TIME=NSTEP¥TSTEP

HSTEP=NSTEP+]

HTYPE=NTYPE+1

CHECK FOR NEW NET#ORK CONDITIONS
IFC(VFRAX(I)=VF(I)),GT.1E=03)6G0 T0 444
VES(I,J)=V5(1)

TIMEN(J)=TIME

TYPES504, TIMEN(J) ,VF (L), T1(I),T2(1),V1(I),VND(I,J) ,Ve(l)
FORMAT (21X, "TIMEN(J)=",F8,4,X, VE(L)=",F8.4,X,"T1(1)=",F8,4,X,
*T2(1)s” ,FB.4,X,/,2K,"V1(1)=",F9.3,X, VN5(1,d)=",F8,4,X, Ve(I)="
F8.4/7)

COMTINUE

TSHSTIKEN(1)

DO 315 J=1,20
IF(TIMEN(J)=TSM)93, 93,315
TSM=TIMEN (J)

MHM=J .

CONTINUE }

TYPE64, MM, TIMEN(NM) , VNS (I, MHM)
FORMAT(3X, “HHM=*,15,X, *TIMEN(MM)=" ,F8.4,X, VNS (I, Mn)=" ,FBe4//)
CALL READ(I)

DO 513 J=1,20

TIMEN(J)=0.0



513 CONTINUK
TYPE 47,VNS(I,MM)

47 FORMATC(10X, "VNS(I,MM)=",F10,4/)
T1C(I)=TN1(L,K)

T2{I)=TN2(1,KK)
V1(I)=VH1 (I, LL)
V5CI)=vus (L, MH)
Ve (I)=0,9

DO 50 J=1,20
Ve(I)=Ve(I)+5,
TIME=0.0

VN6 (I,J)=V6(1)

555 CALL 1NMPUT(I)
CALL AVRI(I)
IF(TIME.GELTFIN)GOU TO 50

o PERFORM INTZGRATION STEP

CALL INT(I)
TIME=HNSTEP*ISTEP
HSTEP=NGTEP+1 '

NTYPE=NTYPE+]

C CHECK FOR HEW NETWORK CUﬁﬁITIOH§
IFC((VFHAX (1) =VF(1)).GT.1E~03)60 TO 5535
VN6(I,d)=v6(1)

TIMER (J)=TIME

150 TYPES05, TIMEN(J) ,YF(X),T1¢(1),T2(1),V1(I),V5(L),VvNe(L,J)
505 FORMAT(1X, "TIMEN(J)=",F8.4,X, V¥ (I)=",F8.4,X, " T1(L)=",F8,4,X,
1 "T2(1)=",F8.4,X,/,2X, "V1(L1)=",FH8e4,X,"VS(1)=",FBa4, X, "VNE(1,J)="
2 F8.4/7)
50 CONTINUE
TSH=TIMEN (1)

DO 415 J=1,20
IF(TIMEN(J)=TSM) 43, 43,415

43 TSM=TIMEN(J)
NN=J
415 CONTINUE
TYPE65,NN, TLMEN(NN) , VNO(L,NN)
65 FORMAT(3X,'NN=’,I$:X:’T;ﬂ@NgMﬂ)=',FB.Q,X,'VNégI,NN)=',F§.%//)

Ve (I1)=VHE(I,NN)
. TYPES7,VN6(L,NN)
57 FORMAT (10X, "VN6 (I, NN)=",F10,4/)
RETURN
END

C.l'.OItv.ooo-ooa-n.Q.Q..Q..!..-olott'nl0!0.00.0!.'000.0!).o..ctq‘
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COMMON/BLOCK/TIME , TSTEP
COAMON/BLOCKS/VC, VD, VE,U1,D2,b3,04
COMMON/BLOCK2/ V1(30),V5(30),V6(30),VREF(30),VRFAX(30)
JVRMIN(30),VF(30),T1(30),12(3v),I5(30),VFHAX(30)
2, VEMIN(30)
COMMON/BLOCK3/ PLUG(30),0UT(30),5AVE(30)
COMMON/BLOCK4/DELREF (30) ,CIFREF (30) ,CIGREF(30) ,DELACT(30),
1 CIFACT(30),CIGACT(30)
COMHON/BLOCKS /ALKAX(30) , ALMIN(30),T3(30),T4(30),AK1(30) ,AK2(30)
1 ,PWACT(30)
COMMON/BLOCK7/DIP(30),VI(30),VT1(30)
COMMON/BLOCKS/TFIN, NSTEP ,NTYPE
OPEN(UNTT=1,DEVICE="DSK” ,FILE="DKC4,DAT®)
1=1
c CLEAR INTEGRATOR ARRAYS
DO 5 1=1,30
= PLUG(I)=0.0 ‘
OUT(I)=0,0
SAVE(I1)=0.0
5  CONTIAUE
TIME=0,0
NSTEP=0
e NTYPE=0Q
READ (1,%) TSTEP,TTYPE
TYPE 591,TSTER,TTYPE
591  FORMAT(1X, "TIME STEP °,120,F6.3/1X, TYPE INTERVAL=",T20,Fb.3)
TYPE 592 _
592 FORMAT(® EXCITATION SYSTEM PARAMETERS ©)
Yoo READ EXCITATION SYSTEM PARAMELERS
READ AVR PARAMETERS
READ(1,%) V1(I),V5(I),V6 (1), VREF(L),VRMAX (L), VRHIN(L)
.1 ,VF(I),VTLCL),T4(I),T201),T5C1), VEMAX (L), VFHINCL)
TYPE 593,V1(I),VS(I),Ve(L),VREF(I), VRMAX (L), VRMINCID ,VF (1) ,VT1(
1 1),T1€1),T2(1),TSCL),VEMAXC(L) ,VFHINCI) |
593 FORMAT (3X,"V1(1)=",F8.4,2X, VSLL)=" ,F8.4,2X, V6 (1)=",Fb.4,2K
N I "VREF(I),FB8,4,/,2X, VRMAX(L) " ,F8.4,2X, "VRMIN(L)=",F8.4,2X,
2 "VF(I)=",FB.4,/,2X, VT1(I)=",F8.4,2X, T1(1)=" F8.4,2X, "T2(1)="
| JF8.8,/,X, "TS(I)=",F8,4,X, “VFMAK(I)=" P84 4,X, "VFMIN(L)="F8,4/) o
c READ LIMITER PARAMETERS ' |
READ (1,%),DELREF(I),CIFREF(I),CIGREF(1),DELACT(L),CIFACT(L),
1 CIGACT(1) o
TYPES94, DELREF (1), CIFREF (L) ,CIGHEX (1) ,DELACT (I),CLFACT(L),
1 CIGACT(I)
594  FORMAT(2X,"DELREF(I)=*,F8,4,2X, CIFREF(1)=°,F8,4,2X, "CLGREF(1)=",



10
71
12"
73,
74.
75 . -
76 .
77.
78
79
89 ..
81 .
g2t
83"
B4e !
85

395

598

596

597

F8.4,/,2X, "DELACT(I)= ,F8.4,2X,CIFACT(I)=" ,F8,4,2X, CLGACT(L)="
F8.4/) .

READ (1,%) (ALNAX(T) ALMLN(I),%3(1),T4(1),AKI(I),AK2(L),PHACT(L)
TYPE 595,ALMAX(I),ALMINCI), T3(1),T4(1),AK1(L),AK2(I),PHACT (L)
FORMAT (2K, “AKMAK(L) " F8,4, 2K, "ALMIN(I)=" 8.4, 2K, "T3(1)=",F8, 4,/

12K, "TA(I)=",F8,4,2X, "AK1(1)=",F8,4,2X, AK2(1)=" ,F8.4,/,

2X, PWACT(1)=",F8.4//)

READ (1,%*), IAVR(I)

READ(1,*),TFIN, TIE

READ(1,%),DIP(I)

READ({,*),VC,vD,VE,D1,D2,03,04

TYPE 598,VC,VD,VE,D1,02,D3,D4

FORAAT(2X,"VC=*  F8.4,2X, " YD=" ,F844,2%,°VE=" ,F8,4,2X, D1=" ,F8,4,/
)2X,°D22" ,F8,4,2X, D327 F¥,4,2X,"04=" ,F4,4/)

TYPES96,TFIN, TIME

FURMAT (10X, "TFINZ"F10.4,10X, "TINE="F10,4)
TYPE597,DIP(I)

FORMAT(10X, "DIP(I)="F10.4)

RETURN

EHD

CQQ.'lQQclv._.aca'.nl!occug...opl-oo0..!'0DQ.O.‘OOQ'..IQQ.tl!tn.ul!.l



: SUBROUTINE TO CALCULATE SLIP STAB PARAMETERS
SURROUTINE SSPMS(I)
COMMON/BLOCKI/VC, VD, VE,D1,D2,D3,04
COMMON/BLACK6 /TIMEN(30),TN1(10,30),TN2(10,30),VN1(10,30),
VNS (10,30),VN6(10,30), TSN, TN3(10,30),TN4(10,30) ,AKN1(10,30)
2, ARN2(10,30) |
CONMON/BILOCK] /TIME, TSTEP
COMMDN/BLOCK2/ V1(30),V5(30),V6(30),VREF(30),VRMAX(30)
,VRMIK(30),VF(30),T1(30),T2030),T5(30),VFMAX(30)
2 ,VFKIN(30) '
COMMON/BLOCK3/ PLUG(30),0UT(30),SAVE(30)
COMMON/BLOCKA/DELREF (30), CIFREF(30) ,CIGREF (30) ,DELACT(30),
1 CIFACT(36),CIGACT(30)
CORMOL/BLOCKS/ALMAX (30) , ALMINC30),T3(30),T4(30),AK1(30),AK2(30)
1 ,PWACT(30) |
COMNDN/RLOCKT /DIP(30),VT(30),VE1(30)
' COMMON/RLOCKG/TFIN, NSTEP, NTYPE
1=t
CALL READ(1)
DO 113 J=1,196
TIMEKR(J)=0,0

113 CONTTIHUE .
TSM=0,0
TYPE 19

19 FORMAT (10X, "RESPONSE TO CHANGE IR T3(1)'//)
T3(I)=0,0 ‘

DO 16 J=1,10
TI(II=T3(I)+.15
TINE=0,D
111 CALL SSINP(I)
CALL VTINP(I)
CALL AVRI(I)
IF (TIMF.GE,TFIN)GD TO 10
C PERFORM INTEGPATION STEP
CALL INT(I)
TIME=NSTEPATSTER
NSTEP=HSTEP+1
NTYPE=NTYPE+1
IF ((VEMAX(I)=VF(1)).GT.1E=03)G0 T0 111
TIMEN(JI=TINE
TN3ICI,J)=T3(1)
110 TYPES01,TIMEN(J), VF(L),TH3(I,J) fTACTY,AKL(T) ,AK2(T)
501 FORMAT(3X, 'TIKEN(J)S',F8,4,5X, 'VE(1)=' ,F8.4,5X, "TN3(I,J)=",F8.4,/
1 .5X,'TA(I)=',FR,4,5%, 'AKLCI)=" ,FR, 4,5, 'AK2(I)="! ,F8.4//)



190

15

61

199

213

222

O

120
502

20

13

CONTINUE
TSM=TIMEN(L)
PO 15 u=1,1¢0
IF (TIMEN(J)=~TSM)3,3,15
TSH=TINEN(J)
K=
CONTINUE
TYPEGL K, TIMENCK) , TH3(I,K)
FORMAT(3Y,'K=',14,5X,'TIMEN(K)="',F8,4,5X,'TN3(I,K)=",FB8,4//)
CALL READ(I)
TYPE 199
FORMAT (10X, 'RESPANSE TO CHANGE IN T4(I)'//)
DO 213 J=1,10
TIMEN(J)=D,0
CONTINUE
TSH=C, 0
T3(I)=TH3(I,K)
TYPEST,TN3(I,K) .
FORMAT (10X, 'TH3(I,K)=',F10,4/)
T4(1)=0,0
DO20d=1,10
T4(1)=T4(I)+.75
TIME=0. 6
CALL SBINP(I)
CALL VTINP(I)
CALL AVR3(I)
IF(TIMFE.GE,TFINIGN T0 20
PERFORM INTEGRATION STEP
CALL INT(I)
TIME=NSTEP*TSTEP
NSTEP=NSTEP+1
NTYPE=NTYPF41
CHECK FOR DEW METWORK CONDITIONS
IFC(VFRAX(I)=VF(T)).GT,1E~03)60 TO 222
TIMEN(J)=TINF '
THA(L,J)=T4 ()
TYPES02,TIMEN(J) ,VF(1),73(1),Th4(,J) ,AK1(I),AK2(I)
FORMAT(3X, 'TIMEG(J)=",F8,4,5X, 'VF(I)=",F8,4,5X, 'T3(I)="',FB,.4,/
P SX,"THA(YL,J)=" ,FB,4,5X, "AK1(I)=" ,F8,4,5X, "AK2(I)=",F8.4//)
CONTINUF
TSM=TIKEN(L)
PO 115 J=1,16
IF(TIMEL(y)=TSM)13,13,115
TSE=TIMEN ()



118

82

189

313

67

- 333

130
503

30

215

63

Kk=J
CONTINUE
TYPFA2,KK, TIMEN(KK) , TN4 (1, KK)
FORMAT(3X,'KK=',74,5X, 'TINEN(KK)=",F8,4,5X,'IN&A(L,KK)=",F8,4//)
TYPE 189 ’
FORMAT(10X, 'RESPCNSE T0O CHANGE IN AK1(X)'//)
CALL READ(I)
DO 313 J=1,1¢
TIMEH(J)=0,(
CONTINUF,
ToSM=0,0
13(1)=TH3(1,K)
T4(1)=TH4(T,KK)
TYPR67,TNA(T,KK)
FORMAT (10X, 'TH4(I,KK)=",F10.4/)
AK1(I)=0.0 ' )
pO 30 J=s1,10
AR (I)=AK1(I)+,1
TIME=(,0
CALL SSINP(I) .
CALL VTINP(I) -
CALL AVR3(I)
IF(TIME.GE,TFINIGO TO 30
PERFORM THTEGRATION STEP -
CALL INT(I)
TIME=NSTEP*TSTEP
NSTEP=NSTEP+!
NTYPESNTYPE+1
CHECK FOR NEW NETWORK CONDITIUNS
IF((VEMAX(I)=VF(1)),GT,1E=(3)G0 T0 333
AKN1(I,J)=AK1(T) '
TIMEN(J)=TINE
TYPESO3, TIMEN(J), VE(T),T3(I),T4(1),AKNL(I,J),AK2(I)
FORMAT(3X,'TIKEN(J)=",F8.4,5X,'VF(L)=',F8,4,5X,'T3(1)="',F8,4,/
pOX,'TA(I)=" ,F8,4,5X, "AKNI(T,J)=",F8,4,5X, 'AK2(1)=",F8.,4//)
CONTINUE
TSH=TIMEN(1)
DO 215 J=1,19
IF(TIMENCJI)=TSH)23,23,215
TSM=TIMEN(J)
LL=a
CONTIHUE
TYPEG3,LL, TINEN(LL) , AKREL(I, LL)
FORVAT(3X,'LL="',14,5X%, ' TIMENC(LL)=" ,F&,4,5%X, "AKNL(I,LL)=" ,FE.4//)



TYPE 179
179 FORMAT (10X, 'RESPUNSE TO CHANGE IN AK2(I)'//)
CALL READ (1)
L0 413 J=1,190
TIMEN(I)=G, 0
413 COFTINUE
TSH=(,0
T3CI)=THI(I,K)
TACI)=TNA(T,KK)
AKL(X)=AKNI (T, LL) .
TYPR77,AKN1(I,LL)
77 FORMATC(LIGX, 'AKNIC(I,LL)=',F10.4/)
AK2(1)=0,6
DD 40 J=1,16
AK2(T)=AK2(I)+2,5
TIME=C, 0
4 CALL SSINP(I)
CALL VTINP(I)
CALL AVR3(I)
IF(TIME.GE,TFIN)GO TO 40
C PERFORM INTEGRATION STEP
CALL INT(I)
TIMESNSTEP*TSTEP
NSTEP=NSTEP+1
HTYPE=NTYPE+t
C CHECK FOR NEW NETWORK CONDITIONS
IFCCVFMAX(I)=VF())).GT.1FE=03)G0 TO 444
AKNZ(I,J)=AK2(I)
Y40 TYPES04,TINEN(J),VF(I),T3(T),T4(L),AKL(1),AKN2(I,.)
5G4 FORMAT(3X, 'TINFR(J)="' ,FR.4,5X, 'VF(I)=',F8,4,5X,'T3(1)=",F8.4,/
' 1 ,5X,'TA(T)=',F8.4,5X,'AK1(X)=",FB,4,5X, 'AKN2(1,J)=" ,F8,4//)
TIMEN(J)=TINE
49 CONTINUE
TSM=TIMEHC(1)
DO 315 J=1,10 0%
IFCTIMENCJ)=TSM) 93,345,315

<

93 TSH=TIMEN(J)
MMz
315 CONTINUE
. TYPE64, MM, TIMEN(FE) , AKR2 (T, MM)
64 FORMAT(3X,'Mk=',14,5X, "TIMEN(MM) ="' ,FB,4,5X%, 'AKN2(I,MM)=" ,F8.4//)

T3CYX)=TN3(I,K)
Ta(I)=TH4A(]L,KK)
ARL (I)=AKNL(T,ri)



AK2(T)=AKN2(I M)
TYPERS, AKNZ2 (1 ,MF)
88 FORBAT(L1GX, 'AKNZ (I, MM)=" ,F10,4/)
N RETURN
END
Crescnencennaresnansnecesscsornnsnesncasosssssnnesnatossststoonnanansh
SURROUTINE DELINP(I)
COMMON/BLOCK9/vVC,VD,VE,DL,D2,Nn3,D4
COMMON/ALOCK1/TIKE, TSTEP
COMMON/HKLOCKA/DELREF(30) ,CIFREF(30),CIGREF(30),DELACT(30),
1 CIFACT(30),CIGACT(30)
COMEOR/BLOCKT/DIP(30),VT(30),VTL(30)
IF(TIMNE=,02)1,1,2

1 DELACT(I)=VD
GQ 1O 5
2 DELACT(I)=VD=D1#SIN(6,28*(TIMF=.02))
§ RETURN
- END

-
C...Q..."QDDQC’..'.‘!...0l..QQ"......‘....‘...Q..Q".........‘..E

SUBROQUTINE SCLINPC(I)

CUMMON/BLOCK9/VC,VD,VE,DL,D2,D3,D4

COMMON/BLOCKL/TIME, TSTEP .

COMMON/RLOCK4/DELREF (3¢),CIFREF(30),CIGREF(39),DELACT(30),
1 CIFACT(30),CIGACT(30)

IF(TIFE=,02)1,1,2

1 CIGACT(I)=VC

GO To 3
2 CILGACT(I)=VE=D2
3 RETURH

END

CiateesasasesennsoesesasesscsssesssssssnsasnssansasssacssnsnsasasansF
SURROUTINE FCLIHNP(I)
CDMMDN/BLOCK?/VC,VD,VE,Dl,DZ;D3,D4
COMMON/RLNCK1/TINE,TSTEP
CDMHGH/BLQC%@[QELREW(3QJ1CIFREF(30),CIGREF(3Q),DELACT(39);

1 CIFACT(36),CIGACT(3D)  + — ——

IF CRINR~.65)1,1,2

1 CIFACT(I)=VE

60 TQ S

CIFACT(XI)=VLE~D3

RETURH

EuD

N

-
C..-‘-u....:.c.‘o....'............'QQQQQQQOQOQCQl,...l..l"t..,.'.f‘

SUBROUTIAL SSINP(I)



COMMOJ/RLACKY/VC, VD, VE,D1,D2,03,04
COMEMI/BLOCKL/TINE, TSTEP
COMHON/BLOCKS/ALMAX(30) ,ALMINC30),T3(30),T4(30),AK1(30),AK2(30)

) 1 ,PWACT(3n)
IF(TIME=-,008)1,1,2
1 PRACT(I)=0,0
GO TO 3
2 PAACT(I)=D4*SINCLL ¥ (TINE-,008))
3 RETURN
END

C.Ii0!.000-.....‘......-0..Qo-OQCCCOl.l.!."‘.llo.O'O‘.QQ‘O."DCIQOF

C SURROUTINE TO SEE EFFECT OF SLIP STAB
SUBROQUTINE SS(I)
COMMODN/BLOCKG /TIMEN(30),TN1(10,30),TN2(10,30),VYN1(10,30),
VN5 (10,30),VN6(10,30),T5N, TN3(10,37),TN4(10,30) ,AKN1(10,30)
JARIH2(10,30)
cowmnN/aLnCKL/Txmé,Tsrap
COMMON/BLOCKI/VC,VD,VE,D1,D2,03,D4
COMMDN/RLOCK2/ V1(30),V5(30),V6(30),VREF(36), VRMAX(30)
,VRMIN(30),VF(30),T1(30),T2(306),T53(30),VFHAX(30)
S VFMIN(3D) |
COMMOI/BLOCK3/ PLUG(36),0UT(3G),5AVE(30)
COMMON/BLNCKA4/DELREF (39),CIFREF(30) ,CIGREF(30),DELACT(30),
1 CIFACT(30),CIGACT(30)
COMMON/RLUCKS/ALMAX (30) ,ALMINC30),T3(30),T4(30) ,AK1(30),AK2(30)
1 ,PWACT(30)
COMNOU/BLOCKS/TFIN, NSTEP, NTYPE
COMMON/HBLOCKT/NIP(30),VT(30),VT1(30)
CALL PEAD(I)
TYPE 10
10 FORMAT (10X, 'AVR RESPUNSE WITH SLIP STAR'//)
c . AVR RESPONSE WITH SLIP STAB
41 CALL VTINP(I)
CALL SSINP(I)
CALI AVR3(T)
C PERFORM INTEGRATION STEP
IF(TIME,GL.TFIN)GO TO 11
CALL INT(I)
TIKE=ISTEP*TSTEP
NSTFEP=NSTEP+1
NTYPE=NTYPE+3
TYPERS, TINE,PHACT (L), VF(1),VT(I)
88 FORKAT(3X, '"TIKE=" ,F844,5X, 'PUACT(I)=" ,FR,4,5X,/,'VF(I)=",
1 F8,4,5X,'VT(I)=',F8.4/)

B

N



C CHECK FUR NEW WETWORK CONDITIONS
IF(TIME,LT.TFIK)GO TO 41

1 RETURN
EHD

v
v

-
CCQt!..i..o....".ol..’.l.Q.Q.....QQQQ.QQQOOQQQ...OQQ...!.O!’Q!QQ.!‘

SUBROUTINE VTINP(CIL)
COMMON/BLOCKY/TIME, TSTEP ,
COMMON/RLOCKT/DIP(30),VT(30),VT1(390)
IF(TIME~,3)58,58,59

58 VI(IL)=VT1(X)
59 RETURH
END

CO'.....Q...O.QQ..QOOOQ'OCCQ.UIOCQ'Q!QQ..Q.'..’.ll‘.l..."!."”‘Q.F

C SURROUTINE TO SEE EFFECT OF LIMITERS ON AVR
SUBROUTINE LIK(I)
COMMON/BLNCK1/TINE, TSTEP
R COMMON/BLOCK9/VC,VD,VE,D1,D2,D3,D4
COMMOI/BLOCKE /TIMEN(30),TN1(10,30),TN2(10,30),VN1(10,30),

1 VNS(10,30),VYN6(10,30),TSM, THA(10,30),TN4AC15,30),AKNL(10,30)
2 SAKH2(10,30)
COMMON/BLOCKS/TFIN,NSTEP, NTYPE ‘
COMMON/BLOCK2/ V1(30),V5(30),V6(30),VREF(30),VRHAX(30)
1 ,VRMIN(30),VF(30),T1(30),T2(30),T5(3C), VFHAX(30)
2 LVFHINC30)

COMMORN/BLOCK3/ PLUG(30),0UT(3¢),SAVE(30)
CDHMON/RLQCK4/DELREF(33)pCIFREF(BQ),CIGREFCBQJ,DELACT(30),
1 CIFACT(3C),CIGACT(30)
COMMON/BLOCKS/ALMAX (30 ,ALMIN(30),T3(30),T4(30),AK1(30),AK2(30)
¥ 1 LPWACT(3G)
COMMON/BLOCKT/DIP(30),VT(30),VT1(30)
CALL REARD(T)

TYPE 10
10 FORMAT(1CX, 'ROTOR ANGLE LIMITER RESPONSE'//)
C RESPONSE TO CHANGE IN ROTOR ANGLE

TIME=,0
41 CALL DELINPC(I)

CALL VTIPP(I)
CALI AVR2(T)

C PERFORY INTEGRATION STEP
IF(TIME.GE.TFIN)IGO TO 11
CALL INTCI)
TIME=INSTEP*TSTEP
NSTEP=NSTEP+1
NTYPE=HTYPE+3



99

77

66

ar

TYPR9S,TIFE,DELACT(I) ,VF(I),VT(I)
FORMAT(3X,'TINE="',F8,4,5X, 'DELACT(I)=",F8,4,5X,/,'VF(I)=",
F8.4,5X,'Vr(1)=',F8,4/)

CHECK FOR NEW NETWORK CUNDITIONS
IF(TIKF LT, TFINIGU TO 41

CALL READ(I)

TYPE 20

FORMAT(10X, 'FIELD CURRENT LIMITER RESPONSE'//)
KESPONSE TO STEP CHANGE IN FIELD CURRENT

CALL FCLINP(I)

CALL VTINP(I)

CALL AVRZ2(I)

IF(TIME,GE,TFIMIGO TO 22

PERFORM INTEGRATION STEP

CALL INTC(I)

TIME=KSTEP*TSTEP : ‘
NSTHP=NSTEP+1

NTYPE=HTYPE+3
TYPET7,TINE,CIFACT(Y),VF(I),VT(I)
FORHAT(3X,'TIME=',F8,4,5%,'CIFACT(I)=',F8,4,5X,/,'VF(I)="',
FR.4,5X,'VvT(I)=",F8,4/)

CRECK FOR WEW NETWORK CONDITIONS
IF(TIMEL.LT,TFIN)GO TO 51

CALL READ(I) - ¥

TYPR30

FOREAT(L0X, 'STATOR CURRENT LIMITER RESPONGSE'//)
RESPOLSE TO CHANGE IN STATOR CURRENT

TIMFE=0.u '

CALL SCLIIP(1)

CALL VTINP(I)

CALL AVRZ(1)

IF(TIHE.GR,TFIN)GN TO 5%

PERFORM INTEGRATION STEP

CALL INT(I)

TIMR=LSTEPXTSTEP

NSTEP=NSTEP+1

NTYPE=NTYPE+3
TYPF66,TTHF,CIGACTCI),VF(I),VT(I)
FORMAT(3X,'TINE=" ,F8.4,5X,'CIGACT(I)="',F8,4,5X,/,'VF(1)=",
FB.4,5X,'VI(I)=",FB,4/)

CHECK FOR NEW NETwORK CONDTTIONS
IF(TIHE.LT,TFIN)GO T0 61

RETURN

FAD
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