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Reliability

L Production Simulation _

I -

L Unit Commitment _

I -

SIMULATION |Security Constrained Optimizatign
TOOLS I =
L Optimal Power Flow -

I -

L Power Flow .

| Dynamic Simulation |

I
Switching Surge Program |

| F’Ianning

1 Operations Planning |
1 1

POWER Economics
SYSTEM Frequency \Jariatio I
PHENOMENA |—n|S

I Power Swings I

_ Surges |
il 1 1 il 1 L 1 1 1 1 1 1 L 1
L} T L} T L} : T T : T T T T : L} T
10+ 10 102 | 1 1 10 1100 10000 10¢ § 10s 110 107 I 102 10¢
! Time Period
1 eycle 1 min. Thr 1day 1wk 1yr  InSeconds

Bld-4 @4 FARLHERE* 2 PR F RN Reemtsane

4-3 PSS/E # 3 i in 42

N

TR g T 2T 4k A B R 2 (Network
Solution) 2 # i #-3]72 ~ & 7 (Current Injections)& 4p 3 B (27 & *
7 . & (Circuit Theory)z_ & 2k 42 ;% (Node Equation) Y « V = i(X, V)i
PR P s EER AR P T i(x V) 48 ek 7 03] (In Service)
Ar BBz T XIVREREXE BHREAPE)TR VEF R

ORfET A R ARN HE TR 4 K AL ELE 7 A X (Iteration) &

B RER Y AR LB R A R R B
,é‘k %ﬁi%”‘&plﬁ' X ‘&‘—" %‘L-;E-'; %f,’ /#“S/E:Qé»:“\!"'mﬂ_‘ e I ’ ;L"ﬁ_‘ e I J“ » ﬁ“f};‘
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B AR Y e VEi(xV) o Gk EY R 0 v RERELATIRE
Bept FTRRE N A (XV) ) T RKEFFTT A o
TR AT UL R R IR

Resbd 0o veds fi FEAZY R BRI S VB A

BT A 47 48 EMTP % 447
PSS/E #- fi ik i A7 0 4o 4-5 %17 o WoEAARL B & 5 4740

it (Initialization) 2 RUN #2425 » :¥min 424 B4 ] 4-6 2 4-7 47

2. WEFANI T IRTE BRI TN B R REE
D2 TR EAE R 2 REHATE G RIAETR
B2K W e R ooz (N aehE % 2 #073) (Current-Injection Model) > ¥
Ry RA RN BEWARA S T HTH R RETEH

SVC ~ HVDC 2 f f% -

3. R R EPFREctE (DSTATE): &% 2574 8 e i) 2k i
7

% Bz P #c(Time Derivative) o ot P Fo 2t 8 8 18 5% ik $ #c
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Variables) -

[

>
-y

R A

=

T3 B B (Algebraic

41 5 #(Output Variables) -

Data Assimilation

!

Initialization

—

]

Network Solution

User defined
models are called

]

at these steps

Time Derivative

—)p

RUN <

Calculation
Apply Disturbances Output
(optional)
Numerical
Integration

I

Advance Time

B8] 4-5 PSS/E % it 58 A2 B) (kinst 5 1 )

TIME = -2 time steps

TPAUSE = -2 time steps
KPAUSE =0

set all STATE and DSTATE to 0.0

MODE = 4
Call CONEC, set number of
integrators

r

Call SITER for initial network

solution N
Call CONET to calculate current
injections
MODE =1

Call CONEC to initialize models

MODE =3
» Setoutput variables Pmech, Efd,

Vothsg, Vuel, Voel, machine
source currents (ISORCE)

|

Network solution

Call CONET to calculate

A

current injections

h 4

MODE =2
Call CONEC to calculate

derivative of state variables

i

Ch

Output initial machine conditions

eck for suspect initial
conditions

Bl 4-6 4= 4o R AL B Grmh i w)
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Qutput channel values

KPAUSE =0

Numerical integration step
Read TPAUSE, NPRT, NPLT, Update state variables
CRTPLT

¥
v TIME = TIME + STEP

MODE =3
Set output variables P ..;, Esgs

Vothsg: I""‘-uelr Vo-elr machine
source currents (ISORCE)

h 4
Call SITER for network solution
Call CONET to calculate current

injections YES
v KPAUSE =1
MODE = 2 MODE=3, call CONEC, call SITER
Call CONEC to calculate state MODE=2, call CONEC
derivatives Output channel values
KPAUSE=2

B 4-7 RUN 53R 42 5 (h AR Bl (et i 18 &)

4-4 3% 2§ CONEC 2 CONET

o

FAFEE K AR R f R ERSRARS
(Connection Subroutines) » #-33 = H-A il 230 F e e ? o @B R

7 % Bl4e B 4-8 #r o o

PSS®E CONNECTION USER MODEL
MAIN SUBROUTINE SUBROUTINE
SKELETON

DYNAMIC SIMULATION
WORKING ARRAYS

B] 4-8 PSS/E # it f-Ht 2. A ~ 75\ 2 | SRR
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i 5% &) 425" (Connection Subroutines)7 CONEC 2 CONET > &]
#2278 CONEC i & # 5p 5 #-0 30 b B8z peA = 4258 2 20 034
(hojperi ¥ H07]) 22 PSS/E 2 425V 4% - $425° CONEC 2 & § +
BEHEAlY ok Rk PR (525 DSTATE) 5 7+ # 3t
W2 BFFEA] o ¥ 0h > glARsY CONET * R jz (3 4 SITER)
WAR ¢ A B el (Call)k & A k3 B HoA] i~ 2 0% (Current
Injections) » H & 42 ¢ IR & Al iR BT R E

TR T AL RR R A PR B R B H F2 3% # B03] (4 Relay

& 31 % PSS/E 11 % > #4258 CONEC ¥ & 7 vf e f 22 H7] 2 #2
v 47 2N 75 4y i (CALL Statements) » 12 & 3155 (% )% 2 {8 K~ P %
TR R 2 ik o PSSIE 32 R(5)% L ER A 0 BlARD
CONET ® & 3 Bz » T n 5 2 SRR ATARAECT R - FE)
S H0A) ek e gy K 33 AR 45 0 Bl 4250 CONET ¥ B & i= i 4p B
2 F A e v Aok o PSS/E 33 4% (7 )2 16 2 ficAwE i 1 17 8 d&d PSS/E
a4 A% 58 #% (Table-Driven Form)3% 7 > @ o4 7 £ % i & 42 3
CONEC % CONET s » B¢ * 47 F# L3 5 & & * plest

CONEC 2 CONET > &t 3B %1 & Bl4-B 4-9 #77
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PSS®E ) .
MAIN N USER MODEL
> MODEL .
SKELETON SUBROUTINE
CONNECTION
. SUBROUTINE [*

(© PTI;‘I:AL] ¢

DYNAMIC SIMULATION
WORKING ARRAYS

B 4-9 PSS/E 2 #4258 2 p 2 A2 B M S Baatins)

4-5 PSS/IE H-# F AL 83

i * 3> PSS/E & ik fidt 2. 7R 3 Al (Datatypes) ™ 4 & 4 4.

=

¥ 8T PRY o BE7 ¢ ®Eh Lo

2. RGBT s S RN A T2 g R Kk

3. FMEcBEcEC T R EREKELVEKE TR HRPERET
AR A TS i o

4. > BT P HCRPE T BT V£ H0R 2 B84 % (logic

outside)4p F_e% #e -

b > PSSIE 3 4 spde g FEER R 5 L 7] (Dynamic  Simulation
Arrays):
1. CON:# z i3l * 2 & 3% #ic;
2. STATE:# 7 #-3]i * 2. &k fu ¥
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3. VAR:# § HA)6 * 20 & ek
4. ICON:# 7 B3| * 2 FFBc® » ¥ av 5 % Bcss N B e o

PSS/E #11# * z_# i W 7 ldck 4-1~% 4-4 #757 o

Fo 41 F fe B L )-8 BRSO R B E R )

CONSTANTS
Array Contents Indexed by
CON General constants (real) CON number
ICON General constants (integer) ICON number
CHRICN General constants (character) ICON number

MBASE Machine base MVA machine index
ZSORCE Machine impedance (complex) machine index
XTRAN Step-up transformer impedance (complex) machine index
GENTAP Step up transformer tap ratio machine index
STATE VARIABLES
Array Contents Indexed b
STATE General state variable array STATE number
F 42 & fL RS- B B s r )
ALGEBRAIC VARIABLES
Array Contents Indexed by
VAR General algebraic variable array VAR number
VOLT Bus p.u. voltages (complex) bus sequence number
CURNT Network inflow current (p.u. on SBASE)(complex) bus sequence number
BSFREQ Bus p.u. frequency deviations bus sequence number
ANGLE Machine relative rotor angle (degrees) machine index
PELEC Machine electrical power (p.u. on SBASE) machine index
QELEC Machine reactive power (p.u. on SBASE) machine index
ETERM Machine terminal voltage (p.u.) machine index

EFD Generator main field voltage (p.u.) machine index

PMECH Turbine mechanical power (p.u. on MBASE) machine index
SPEED Machine speed deviation from nominal (p.u.) machine index
XADIFD Machine field current (p.u.) machine index
ECOMP Voltage regulator compensated voltage (p.u.) machine index
VOTHSG Stabilizer output signal (p.u.) machine index
VUEL Minimum excitation limiter output signal (p.u.) machine index
VOEL Maximum excitation limiter output signal (p.u.) machine index
ISORCE Machine current (p.u. on SBASE) (complex) machine index
TPLOAD Effective MW load (pu on SBASE) load index

QPLOAD Effective Mvar load (pu on SBASE) load index
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% 43 B fE WoRL A4~ R et AR )

INPUT VARIABLES
Array Contents Indexed by
VREF Voltage regulator voltage setpoint (p.u.) machine index
SETVAL DC transmission power/current setpoint (MW/Amps) DC line number

F 44 Bl BRI IR B s )

INTERNAL ARRAYS
Array Contents Indexed by
DSTATE General state variable time derivatives (STATE space) STATE number
STORE General state variable integrator memory STATE number
STORMT General memory (extended term) 2*STATE number-1 and
2*STATE number

BSFMEM Memory for frequency calculation bus sequence number
STRTIN Starting array indices for array allocation

plant related models table index
NUMTRM Pointer to bus sequence number machine index
NUMBUS External bus number bus sequence number
MACHID Machine identifier machine index
NUMLOD Pointer to bus sequence number load index
LOADID Load identifier load index
INTICN Integer memory array ICON number

4-6 PSSIE # f§ i 414
PSS/E #4 {7 # jit 4 pF > PSS/E & * 2 2R ? » 5 "4 & &
FHcK 27 B 3N L 4 28 & (Control Flags) - #- #4177 & &

PSS/E # fi Hickdn 4 (Activities) s 3% & B3I P2 B A 1R et v 4

jpst

‘A3l a > PSS/E 4p £ (¥ 4% STRT ~ RUN~ MSTR 2 MRUN) ¥ 2% 2

P

e

i

\Ei

s AT FRER R AIAEN . REE R AR EE

e

MODE ~ MIDTRM -~ IBDOCU ~ IFLAG %2 KPAUSE % % #c2_ 5 it &2

X
:;_

*ig T
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1.

MODE (MODE =1 ~ MODE = 8)

(1) MODE = 1:#: % 4 s Sl i A2 BT > 8975 K i

R A E -

(2) MODE = 253+ § #+ j# fi S B P chfics » ¥ 4 %2

(3)

(4)

()

DSTATE ‘£7]p » “7f By i E e G- B k> &0

#-H 2t VOTHSG (7| p & — Bigcmisints ] @2 B+ @

MODE = 3:% % %sii‘]ﬁi%]ﬂi B R A e B LR T

F o RIHH B H Ak o # ot VOTHSG 7 5 %
oAl 5 omi e pF s S B DR s i o g

e EFD L7 p > 2 & - Bipiani | B2 B+ B8

ey 0t E By Ak ¥ e wE & VUEL 2 VOEL 7

A U TRE

MODE = 4::7) % § { #7d 418 * Tyt i i ie > 2 »
% # NINTEG p -

MODE =5:% 41 7 DOCU 71| # 45 £ B » § nf e j B30 5 4o gt

BT et Al 4 S dies e k0 DOCU 4y 4 4
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BT E S R IR SN SN B

a3
TR R EREE AN E R ¥ i %

F N ER S S ELE T Y 3% 2 N

o

&

(6) MODE =6:7% 34 {7 DYDA 45 4 P& » ¢ wf et 45050 » 10 2 5

A E- B Sficse sk o DYDA 45 4 g #niE i e b 30

¥R Sl A > A A

ﬂi}

¢ FHA LA R AT 3]

YA e BckBiciE o
i 4 e

(7) MODE =7:% 34 {7 DOCU ¢t hdn 4 PF > g et el pt 550 > &

P T SRR AT VR SERE LT RN TEDFER

EF AT PR R LAk S e
(8) MODE = 8:% # {7 Add/Edit Constants 35 4 ¥ » § v v st i
R GRR T F AR

S fbe R 1A S iR
R3S TR RIS E P e T ey
2. MIDTRM
B {E % #ic MIDTRM =t 34 7 342 ;¢ MODE1~MODE4 ¢ % 7 i

# > I g It % # {7 State-space it ¢ Extended term %% :

(1) MIDTRM=.FALSE 7 State-space ti-#%

(2) MIDTRM=.TRUE % Extended term ¥4t
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3. IBDOCU
% ¥ IBDOCU &%+ 44 {7 #-3] 4258 MODE5S~MODE7 » £ 7 & & >

¥ 47 914 4 DOCU & DYDA 2 i i* 2 i3 (MODE):

(1) IBDOCU=0 Am 54 v v 2§74 o

(2) IBDOCU>0 * 85 jm 575 ¥ AJY A% jagt IBDOCU +
W el 2 4]0 £ 4 £ #4258 CONEC & CONET = v 2_ 47 3

£ i | IBDOCU i& -
4. IFLAG
& ¥ IFLAG ¥ 43 ) % B f2(Network Solution) £_7 fc &t -

(1) IFLAG=.FALSE 3 #§ /24 & = & foac o

(2) IFLAG=.TRUE 3 i $f3 2 fcar> £ D8 S 5+ S i -
5. KPAUSE
% dic KPAUSE * vy i » 36 PR gk -

(1) KPAUSE=0 % #-3]* & % #-8/ F (Normal Time Step)p+
(Time=t) % v& ¢ o

(2) KPAUSE=1 5 i % #23) »t pFan 7 3% P I (Pre-switching Time
Step) fF (Time=t )X & ¢4 o

(3) KPAUSE=2 % 4§ >t 4 B M ghts 2 % — B PR g

(Time=t *)= v ¢4 o
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4-7 A 3

5 B R AR R R L A S AR o E s g

|

|2 %% fi 7 5 0 PSS/E & * z_#ci® 4% 4~ (Numerical Integration); % i

2| £ P g 4 4 2 (Modified Euler Method) - f# o ##g3k <./ > 7F

L‘.j:i

At HBE P R Y R B (Time Step)ik %5 /| >0 2k setd e 03 2 &
/|- PF R W #c(Smallest Time Constant) » 18 § Z Rz B-PFRFFIE B3R T3
B RERF Y- XE R MEL RERFS A E T R

(Numerical Instability) =38 % -
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I~#R*FpEHIARSER
5-1 @& * F Hqles

5-1-1 @8 * ¥ HAFEBF &

LIEB R dﬁ p 2= -7 (User-Defined Model)#z5;¢ » PSS/E i# *

= .

H &R

1. 3 #Z4E 8 03 2 #53] > sUBl(Block Diagram): pics 2 i #ic™> 42
Ao

2. 3 Redy R 2 B S e gk = PSS/E HCA] VR X 2 H0A]
BBtV 2 a4 o

3. H & PSSIE # f ot nAz - B f s 4L 51 % 4 (Dynamic

Simulation Data Arrays)% iy |7 #&(Control Flags) -

4. 3% % FORTRAN # FLECS &2\~ -

5-1-2 % * B AR

$417 PSS/E # fs it ¥ > ¢ @ * 34 DYRE > J&F B3] Rde
7 44 4% (Dynamics Model Raw Data File (*.dyr)):f B~#° i 3] T 4L

(Model Data) - 75 » PSS/E 1 i¥3e{g g2 & fi FTALL 7] ¢ o
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B A e TR (Y ¢ 7 RF S e R 3R G 2 s T
% Hc e (logical records) - & — B H7) fcs ' % ¢ 3% PSS/E 5
4L B (PSS/E Model Library)® # 5% &% #07] e ® e gt @ iz

BGEY mingt s b s 0 doline ®) 0 2 B EHCT 2 ¥ S

B4 f B0 R 4 AL (YN ® % ¢ 35 PSSIE WA FALE Y R A
B s WOl 2 B B E Sl it oo m e R Y F g A

(user-written models)z. & & #-3] S-dcze it - H 4o
BUSID ‘USRMDL’ IM ‘model name’ IC IT NI NC NS NV data list /

H ¥

1. model name & & & -3 @AE S LR B S * 16 BF* o
2. 1C 5 i * 5 Hicd]2 s 2 #b(typecode) > 4p d1 it 5 e fE A

IC =0 % 77 @ 4778 CONET £ ¢? @ 72 & #4758 CONEC »*

Pl WA LA BT WA 22 7RG T ERD 347

LB 4 AT R AR 5 AT IRBB R T

o1 = deline #23) 5 8 &+ H v Bl4%;8 CONEC #-7] ; 9 %

T B R LA B R 510 & 7 B R UH] B H A 1L

12-~13~14~17~18~19~20~21~23~24~ 101~ 102 ~ 103 ~

104 ~ 105 ~ 106 ~ 107 #7% % 2 “fi‘l;fa‘/& 34 3= PSS/E Manual

% 15

o

el
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3. IT 5 < CONEC % /¢« CONET ## ¢z i * F43|(§ IC &5 0
7-8)  ITEF i 0~182>H¢
» IT = 0 & £ 223 7%/ » (Non-Current Injection) &« & P
(metering) -3
> IT = 1 & & % 7%/ ~ (Current Injection) #5273 » A 8] 42 53¢
CONET *# » #-3|#* v 4git (Model CALL Statement)3x % »%
PR IFLAG & (4 &) e i K22 F & Jeac i@ * IF Statement
PIR)PAAR S 2 W
> IT=2#& 4 5 £ RHA] > w428 CONET ¢ » #3]rd visz
i ¥ S EE IFLAG P EE N g2 15 o
4, PP # % ICONs e#c £ (NI<500) -
5. NC % #7]¥ ¢ * CONs s & (NC <1000) -
6. NS 5 i@ ¢ * STATES thidkc# -
7. NV 5 #3)¢ @#@ * VARS e & o
8. NRI % #:4] ¢ i * %f *b(i% ¥ )2 ICONs cr#icg o
9. Datalist % NI % ICONs - 55 5% NC i CONs o
EERE GRS S 0 PG A EEAIR Y 2 ¥ ik

R CEPEREERE  C AU FER AL TR
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(Datasheet) - Ap = 3= - Fgrie * W] A BoFenig * 5 g 243 > RIUR

A AEA 2 TR A T PR B R A T RS TR E R

5-1-3 # * {3 ARl

ik

PSS/E i * % #3) 14 & 42 5 (Subroutine)2. 315 .8 - # 5
o fg ’ :I:&— ,Fk-mlﬁ %3«\ 45 ﬁnﬁ#(Complle)i j _L(Llnk)ff_% ﬁ
$e X PSS/E(L #4238)7 B 427 * 2 4% % (DLL) « 3£ 8 #3442 75 75 pF >

AP A ATit 2 BIE P 0 A5 2 4755 45 A (Code Template) » 78 p &

1. &4 & fist (Subroutine Statement)
2. & 423" 51 #(Subroutine Arguments)
3. #-37%(MODE1~MODE 8)#| %12 IF-THEN-ELSE 4% it
4. PSS/E % #cig * a‘ﬁ £ COMONL.INS 4zit
5. IMPLICIT NONE 4z it
AIENERRNE T > A AN LA RN EY A

— B3N (MODEYE » 48 $4 s 74 7t 2 AR5V 25 » - BN 4E B  F 2 o
5-1-4 23 Az tmpk 5| % 5

T H A BCHEEPF 0 PSS/E A AN & R (F R R AR 2 &

% 6% AL 35 L 5] (CON~ STATE ~ VAR % ICON)Z 2o {844 = 4 >
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A2 hn i ht 7 3% EAS 4 4 7 % 51 (Starting Array Index) 2 3¢ 17 3] o
P f7dp 4 DYRER » & — @& % ¢ & i3] 2 & G iR Lot & 7
75 (Array Allocation Table Entries)#-4% d = 71 423% 3% &
1. # % & BuAp i 23] (Plant-Related Models) » A

» STRTIN(L,ISLOT):#* s 2] i@ * NC i# CONs ¥ % — 4 % 3l

% NCEZ0PrEAr@Es 0

N

> STRTIN(2,ISLOT):# i %] & * NS  STATEs ¢ % — &

5l » 2 NC 52 0 piptfrstwimig s 0o

» STRTIN,JISLOT):# e -3¢ * NV B VARs ¥ % — 5 % 5]
E_’ NC,@O EJ ﬁ_;\‘?*@zg,qO
» STRTIN(4,ISLOT):#* s 2] @ * NI ICONs® % — & % 3l

m > FNCHEO0 P wHES 0

2. & 3;\ #p B #5-73)(Load-Related Models) > B

N-

> LDSTRT(1,ISLOT):# fc #ic3| % * NC % CONs © % - &

5l > 2 NC 520 plptfrstwiBigs 0o

g
RN

» LDSTRT (2,ISLOT):# i 53] ¢ * NI i ICONs # % —
5liE > FNLE O Riptfestwi@E 3 0o
> LDSTR2(1,ISLOT2):# i i3] ¢ * NS  STATEs # % - &

%51 FENSE 0 Pl AwBELO0-

—

30



Al NV B VARs ® % -

ﬁi}\‘ i A B r» 0-

RLSTRT(L,ISLOT):# iz 3] * NC B CONs ¢ % -

Lfgs\w @@ % 0o

RLSTRT(2,ISLOT):# & $-31 #¢ * NS i STATEs * % -

LN w iBE 5 0o

RLSTRT(3,ISLOT):# i #3] # * NV i VARs ¢ % — %°

ﬁii\‘ v i E LE'_F-" 0-

> LDSTR2(2,ISLOT2):
5118 » 2NV % 00 B
F & % 3] (Line Relay Models) » R
>
51 > FNC 5 0 Bl
>
51 > & NC 2 0 ]y
>
® % NCZ5 0B
» RLSTRT(4,ISLOT):#-

>

>

>

>

slE > ZNC 5 0 pJy

WSTRTIN(L,ISLOT):#
51 » 2 NC 5 0 Ry
WSTRTIN(2,ISLOT):#
%3l % NC35 0>
WSTRTIN(3,ISLOT):#
51 > 2 NC 5 0> ¢

WSTRTIN(4,ISLOT):

fLHA# * NI % ICONs @ % -

ﬁii\‘ ¥ ¥ E 2R m 0-

F & B 49 B #-7](Wind-Related Models) » R

B3] * NC i CONs ® % —

m

et w BiE S 0o
-4 * NS & STATEs # %
PlptfesiwiBE s 0o
fEBAl % * NV B VARs ¢ & —

ﬁii\‘ ¥ 18 E B rv!~ 0-

A2 NIB ICONs # % -
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3 ENCE 0 Plitfetw@BEs 0o

5-1-5 ## > &5 2 A&7 K

ik

cﬁ’

LR ol MOA AR R T S 2 B

'

A Ry K B

CM’

I VAR R UEARAD X JENEL S ) 3
# 3 s-domain- I (5 EIR = AT E ;‘;zﬁi%] ik ﬁ%] ez A58 A4S 2
#2 7% (Transfer Function) o & 45 = 2 ;8 ¥ #8404 > BB VR I >
Rl S HRERE S RN M R )2 R F K F R R -
G HBREL FHOT R 7 A 54 E(Integrator) ~ - FEE
fs (First order Lag) - Washout ~ 4f -t -7% {5 (Lead-Lag) ~ +* & -f &
(Proportional Integral (P1)) ~ v+ &|-# » -#%~ (Proportional Integral
Derivative (PID)) ~ = F# (Second Order block) ﬁi%l drzg T (Windup
Limit) ~ ;& A& &+ 7 *Z(Non-Windup Limit)& £ & = 3L > 0T 4 g
Zldr 2 w2 BB 2. MODElL 2 MODE2 #7357 - £ % » 5 i it
MODE1~MODE3 #2;\ 8 2 4f 2 & 2 ¥ Jg— k| ¢ * PSS/E p
=2z A 2 B47 ;% (Elementary Block Functions)(%+ 34 %= PSS/E
Program Application Guide Volume 2 % 24 & )3 7 #E #-3]¢ & 2 H
B2 oA Tt R RS B2 I E R o BRI
PSS/E #2 ;¢ & (Function Library)3 ! * & & = 3.425% > B/ o428

® % INCLUDE ‘COMONA4.INS’ # it o

32



1. # »~ Z(INTEGRATOR)
&4 % MODE1- MODE2 #25“ 7§ % 78 & = BuA2; 75 (F H ¥#c
F4) 40k 5-1% 4 52957 o

%051 fF A B BN B

BArEARESH
MODE1(4~ 4 1 ) MODE2(#: %% )
DSTATE =0 DSTATE =U
STATE=Y Y = STATE
uls) | 1| Y(s)
— _
s v
(At & # )

52 A BAAS H A

A BAFIHAN (rmp PSSER? 5 p)

MODE1 INTEGER IERR

EEAL VINP
(= & 1) REAL VOUT
C_
C UNLIMITED INTEGRATCR (INITIALIZED WITH OUTEUT = Y)
C_
VOUT = Y ! block output
VINE = IN?_MODEl( TI, 1 time constant (real)
# VouUT, ! block output wariable (real)
# Kk, 1 index for state variable (integer)
# IERR ) ! error code (integer)
C IERR = 0 => mo error
C IERR = 4 == TI is zero
C_
“/IC)[)EEZ C UNLIMITED INTEGRATOR
C_
(ﬁ ﬁ) VINF = U
VOUT = INT MODEZ( TI, 1 time constant (real)
# VINE, 1 block input wvariable (real)
# K ) 1 index for state variable (integer)
MODE3 |
C UNLIMITED INTEGRATCOR
(% &) o
VINE = O
VOUT = INT MODE3 { TI, ! time constant (real)
# VINE, ! block input wariable (real)
# K ) ! index for state variable (integer)
Y s:l
uis) [T1 ] ¥
—_—» —
§1;
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2.

#

- F# §% {8 (First Order Lag)
- FEiE

MODE1 - MODE2 #2 ;75 % ;A A3 B fe; 5 (% 2 &

an + + o, —
7 '/E") v ok 5-3 % & 54 411 o
+ Vo 24 =3 14 -\
% 5-3 - FEE i BLBI AR A
“REEARESA
MODEL(# 4 1) MODE2(#-#)
DSTATE =0 DSTATE = (U-STATE)/T
STATE=Y Y = STATE
u=Y
Uls) ) Yl LT
K 1 Ay il - >
—p —» + T s
sT +1 - 3
(R & & 8)
+ _ pYE g4 = 13 =\
% 54 Fe iz fs 4L A 2 Hufg b
- FEEB AR BN (Fmp PSIER Y L)
MODE1 INTEGER IERE
REAL VINP
(A= 4 1) REAL VOUT
C'_ UNLIMITED FIRST ORDER BLOCE (INITIALIZED WITH CUTPUT = ¥)
- VOUT = Y
VINP = LAG MODE1( EI, ! gain (real)
3 TI, ! time constant (real)
# VOUT, ! block output variable (real)
£ K, ! index of state variable (integer)
3 IERR ) ! error code (integer)
C IERERE = 0 => no error
C IEF.F = 3 => Gain KI = 0 (fatal error at initialization)
C IERR = 4 => TI = 0
C
MODE2 C'_ UNLIMITED FIRST ORDER LAG
s g c_
(Jf‘?—%i) VINE = U
VOouT = LAG_MODEE[ KT, ! gain (real)
# TI, ! time constant (real)
# VINFE, ! block input variable (real)
# K ) ! index of state wariable (integer)
C
MODE3 C_ UNLIMITED FIRST ORDER LAG
CEON
] - VINF = U
VOUT = LAG MODE3( KI, ! gain (real)
# TI, | time constant (real)
# VINE, ! block input wariable (real)
# K ) ! index of state wariable (integer
U[&) ¥ r (5) Uls) 1 1 Y(s)
I > K P e >
B S + T s
1457, -
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3. Washout
Washout MODEL - MODE2 #2 ;75 % 2L & = B4 ;N5 (3 H Bk

¥42) 0 dr#k 553 £ 56 977 o

% 5-5 Washout = ¥. B] #7 ;% 75

Washout = #. F] #2 ;% 75
MODEL (% 45 1) MODE2 (¥ % )
DSTATE =0 Y = K*U/T-STATE
STATE = K*U/T DSTATE = (K*U/T-STATE)/T
Y=0 DSTATE = Y/T
Uls) K
U(s) | sk | Yls) T
sT+1 o1
T
(A & & )

# 5-6 Washout & * = .47 ;0

Washout £ % = B8 ;% (k=g PSSER » < p)

MODE1 | INTEGER IERR
REAL VINP

(A 4 1% ) | rEAL VoUT

€ WASHOUT BLOCK
B VINE = U
VOUT = WSI—:OL___MODE'_I: KI, ! gain (real),
£ TI, ! time constant (real)
£ VINF, ! block input wariable (real)
# K, ! index of state wvariable (integer)
# IERR ! error code (integer)
C IEER = 0 =» no error
C IERR = 4 == TI = 0
MODE2 | &= asz-ovr

(%) - VINP = U
VOUT = WSHOUT MODEZ ( KI, gain (real)

time constant (real)

1
# TI, 1
£ VINE, ! block input wvariable (real)
£ E | ! index of state variable (integezx|
MODE3 ~ WASH-OUT

(SN )

J1 -
CED B
VOUT = WSHOUT MODE3 ( KI, gain (real)

time constant (real)

1
# TI, !
£ VINP, ! block input wvariable (real)
# E | ! index of state variable (integer)
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Uls) £,
—’ ?
=y 10
&
vo [0 { T H T oy
“1+sT, [ ‘ .
4. Ap -k -jz {4 (Lead-Lag)

AR HARNBGE

32) 0 dok 572 & 58 S o
+ = LA = -
% 57 AF L-7% 18 & BLBIARN 45
LFEA-Fi8AMAENB
MODE1 (% 4 it ) MODE2(##%)
DSTATE =0 Y = STATE+T2*U/T1
u=v DSTATE = (U-Y)/T1
STATE = (1-T2TL)*Y
T,
v6) [s ] 10) : 1
— > > Y
- Uls 1 5
ST, +1 (s)] T T8 5
+ 1 s
B X(s)
GRAzid & B &)
+ s % 44 H = 1 =\
* 5-8 A 7"'3'7{:‘, R Sl W
ALA-FURARA AL (FmpPssER <)
MODE1 INTEGEE IERR
REAT. VINP
(iw ‘ﬁé' fu ) REAL. VOUT
E_ UNLIMITED LEAD-LAG BLOCK
) VOUT = ¥
VINF = LDLG MODE1( KI, ! gain (real)
£ T1, ! numerator (lead) time constant (real)
3 TZ, ! denominator (lag) time constant (real)
¥ VOUT, ! block ocutput variable (real)
¥ K, ! index of state wariable (integer)
¥ IERR ) ! error code (integer)
E IERR = 0 =» no error
C IERR = 3 => Gain KI = 0
C IERR = & => T2 = 0 (Dynamics of the block is ignored)
C IERR = 5 =»> T1 = 0 (Block treated as first order lag]
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MODE?2
(#-4%)

[N ]

UNLIMITED LEAD-LAG BLOCE

VINF =T
VouUT = L:LG_MSDEEi KI, ! gain (real)
¥ T1, ! numerator (lead) time constant (real)
# T2, ! denominator (lag) time constant (real
3 VINP ! bleck input variable (real)
# K ! index of state variable (integer)
C_ UNLIMITED LEAD-LAG
(FHh) |«
J 2 C
VINP =T
VoUT = LDLG MODE3 [ KI, ! gain (real)
£ T1, ! numerator ({(lead) time constant (real)
3 T2, ! denominator (lag) time constant (real
£ VINFP, ! bleck input wvariable (real)
# K ) ! index of state wvariable (integer)
Ufs) T Yis)
—» £ =
I + EZ
+
Ly
A
+
F
¥(s) 1
Uts) 1+ST{ X(s) 5T
i ; g Al 1 _
1457,

5.

vt ] -f% 4 (Proportional Integral (PI))

' |-k ~ MODE 1~ MODE 2 #2575 % fA 4 & 54z 45 (% #

$#y2) > 4rd 592 £ 510 #5F o
59 v BIfE A B RIAZ S A
Wbl A G A AR A
MODE1(# % i*) MODE2(#-# )
DSTATE =0 DSTATE = KI*U
o= Y = (KP*U)+STATE
STATE=Y
LY
06 K| U [k )
— > KP+—I —»
5 }iP
(A3t & 3 )
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(%

% 5-10 v B-fE A A A BN

Wol-fF A AR BAES (rmp PSERY £9)

MODE1 INTEGER IERR
REAL VINP
(#* 4 %) | rEAL voUT
c_ UNLIMITED PI BLOCE (INITIALIZED WITH OUTPUT = Y)
- VOUT = ¥
VINP = PI_MODELl( KP, ! proportional gain (real)
& KT, ! integral gain (real)
£ VouT, ! bleck output wariable (real)
% H, 1 index of =tate wvariable (real)
& IERR |} ! error code (integer)
C IERR = 0 =» no error
C IERR = 3 =»> Gain KP = 0 (fatal error at initialization]
MODE2 |
c UNLIMITED PI
C—
(’}iﬁ) VINE = U
VOUT = PI_MODE2( KP, ! proportional gain (real)
£ KI, ! integral gain (real)
# VINE, ! block input variable (real)
£ K, ! index of state wvariable (real)
MODE3 | -
(ﬁ l_“) C UNLIMITED PI
] - <
VINPF = U
VOUT = PI_MODE3{ KP, ! proportional gain (real)
# KI, ! integral gain (real)
# VINE, ! block input variable (real)
# K, | index of state wariable (real)
£y
( Uls) 8
r(s) "
Uls) K,
— K+ > ¥
5 P

vb ] -ff 4 -#ic 4 (Proportional Integral Derivative (PID))

o) -ff 4 -~ MODE 1~ MODE 2 #2.5% 4% 3 2k & = B 425578

H ¥y 2
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511 bt -ff A A B A S

Y 2 L

MODET (4= 4 i* )

MODE2 (%)

DSTATEL =KI*U
DSTATE2 = (KD*U/T-STATE2)/T
Y = STATEL-STATE2+(KP+KD/T)*U

DSTATEL =0
DSTATE2 =0
u=>0
STATEL =Y
STATE2 =0
K,
P
Ul(s)
s KP
Ks
sT +1

-

(A& 3 &)

F 512 b G-k A R A AR A Bz S

Wb A A R R B AEN (g PSSER Y 2 w)

MODE1 INTEGEE IERR
REAL VINP
(A~ 4> | REAL vOUT
i) c_
C UNLIMITED PID BLOCK (INITIALIZED WITH COUTPUT = Y)
C
B VOUT = ¥
VINFP = PID MODELl( EP, ! proportional gain (real)
# EI, ! integral gain (real)
# KD, ! derivative gain (real)
# TD, I time constant of the derivative channel (real)
# VOUT, ! block output wvariable (real)
# K, ! index of integral state variable (integer)
# K1, ! index of derivative state wvariable (integer)
# IERR ) ! error code (integer)
C IERR = 0 =» no error
C IERR = 3 =» Gain KP = 0 (fatal error at initializaticnm)
MODE2? | -
€ UNLIMITED PID
(He#) | <
VINF =T
VOUT = P:D_MOBEQ: KF, ! properticnal gain (real)
# KI, | integral gain (real)
# KD, ! derivative gain (real)
# TD, ! time constant of the derivative channel (real
# VINE, ! block input variable (real)
# K, ! index of integral state wvariable (integer)
# Kk o) ! index of derivative state wvariable (integer)
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C_
MODE3 C UNLIMITED FID
C_
(ﬁ] ) VINE = U
VOUT = PID MODE3 | KP, | proportiomal gain (real)
# KI, ! integral gain (real)
# KD, | derivative gain (real)
# TD, ! time constant of the derivative channel (real)
# VINE, ! block input wvariable (real)
# K, ! index of integral state wvariable (integer)
# K1 ) ! index of derivatiwve state wvariable (integer)
» Kf
g
uls)
KP
K
—b T_D
D
0 r(s) I Y
s K, sk, — -
— K+ —+ . 7 s |y
s 1457, AAS)

7. = F¢#(Second Order Block)
= F¢f MODE 1~ MODE 2 #2 5% 78 2 A4 = #4255 (2 # ¥z
24) o 4r# 513 2 £ 5-14 491 o

% 513 = Fg > BLBI AR A

SR ARARNSE

MODE1L (% 45 1) MODE2 (¥ % )
DSTATEL =0 Y = UH(W1*W1-W2*W2)*STATE2
STATE1 =0 +2*(ZETA1*W 1-ETA2*W2)*STATE1
U = Y*(W2*W2)/(W1*W1) DSTATEL = U-2*ZETA2*W2*STATEL
DSTSTE2 =0 (W2*W2)*STATE2
STATE2 = Y/(W1*W1) DSTATE2 = STATE1

Uls) |s+2tms+0) | Y(s)
———
§°+28,0m,5 + @,

(A A3 )
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% 514 - pE A A BN

AR BARN (g PSIER Y £p)

MODE1 INTEGEE IERE
REAL VINF
(#* 43~ 1*) | rREAL VOUT
C—
C 2ND ORDER BLOCE (INITIALIZED WITH OUTPUT = Y)
C
- VOUT = ¥
VINP = ORD2_MODE1( A, ! parameter A (real)
# B, | parameter B (real)
# c, | parameter C (real)
# D, ! parameter D (real)
# E, | parameter E (reall
# F, | parameter F (real)
# VoUT, ! block output wvariable (real)
£ K, ! index of first state variable (integer)
# K1, ! index of second state wvariable (integer)
# IERR ) ! error code (integer)
C
C IERR = 0 =» no erroxr
C IERR = 3 => D = 0 (dymamics of block is ignored)
C IERR = 4 ==C =20
C_
M O D E2 C__ SECOND ORDER BLOCK
C_
(B#) VINE = U
VOUT = ORD2_MODE2( A, ! parameter A (real)
# B, | parameter B (real)
# c, ! parameter C (real)
3 D, ! parameter D (real)
# E, | parameter E (real)
3 F, ! parameter F (real)
4 VINE, ! block input wvariable (real)
£ K, ! index of first state wariable (integer)
4 K1) ! index of second state wvariable (integer)
M O D E3 C__ SECOND ORDER BLOCK
C
(ﬁ 4.) VINE = U
=1 VOUT = ORD2 MODE3 [ A, ! parameter A (real)
# B, ! parameter B (real)
# c, ! parameter C (real)
# D, ! parameter D (real)
# E, ! parameter E (real)
# F, | parameter F (real)
# VINE, ! block input wariable (real)
# K, ! index of first state wvariable (integer)
# K1) ! index of second state wvariable (integer)
BD- EA
D
uls) 1 cD-F4 Yie)
o D
Uls) | as*+Bs+c | ¥ls)
— — E— A
Ds* +Es+F 3
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8. — FE ik #c T *Y(First Order with Non-Windup Limit)
- FE ks it T "I MODE 1~ MODE 2 #2;V 78 2 2 A & Hufz
SR (F Ry 2) o 4ok 515 %2 & 516 AT o

#0505 - Fh L T U KRR A

-RARERE TRIARNENS

MODEL(4 45 i* ) MODE2(¥#: 4% )
STATE=Y IF(STATE .GT. VMAX) THEN
IF(Y .GT. VMAX) THEN STATE = VMAX
WRITE() 'INITIALIZATION ERROR' STORE =VMAX
ELSE IF(Y .LT. VMIN) THEN DSTATE = (U-STATE)/T
WRITE() 'INITIALIZATION ERROR' IF(DSTATE .GT. 0.) DSTATE = 0.
ENDIF ELSE IF(STATE .LT. VMIN)
U = STATE STATE =VMIN
STORE =VWMIN
DSTATE = (U-STATE)/T
IF(DSTATE .LT. 0.) DSTATE =0
ELSE
DSTATE = (U-STATE)/T
ENDIF
VLTBX
Ve
e
sT+1 + R T _/s
— Via
Viin Rzt 5 # )
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20516 - PR REY TUA A HARN

- FER G R TR R B AR (Fm PSSER Y £ p)

MODE1 INTEGER IEERER
REEAL VINP

(#7 4 1) | REAL WvoUT

(ﬁ:ﬁ) - VINE = U
VOUT = NWLAG MODE2 (KI,
- TI,
VRMAX,
VRMIN,
VINP,
E )

AR A AR A

C:___ NON-WINDUP FIRST CRDER LAG BLOCK
- VOUT = ¥
VINP = NWLAG MODELl (| KT, ! gain (real)

] - TI, ! time constant (real)
] VRMAX, ! max. limit (real)
£ VEMIN, ! min. limit (real)
£ VOouT, ! block output wariable (real)
£ K, | index of state variable (integer)
# IERR | error code (integer)

C IERR = 0 ==> no error

C IERR = 1 => initialization above VREMAX

C IERR = 2 => initialization below VRMIN

C IERR = 3 => Gain KI = 0 (fatal error at initialization)

C IERR = &4 => TT = 0

M O DE2 c NON-WINDUP FIRST ORDER LAG

! gain (real)
! time constant (real)

1

I

I max. limit (real)

| min. limit (real)

! block input wariable (real)

! index of state variable (integer)

“4()[)E53 NON-WINDUF FIRST ORDER LAG

CED —

(RN

vouT NWLAG MODEZ2 (KT, ! gain (real)
# TI, ! time constant (real)
# VEMAX, I max. limit (real)
# VEMIN, ! min. limit {real)
# VINE, ! block input variable (real)
# K ) ! index of state variable (integer)
g p—
B [
A=) 1 v
—» K = - »
v [ & | W ' [3 T 5
] — -
1+5T; . J
_j B
Ve,

5-2 @& * K WUENERRY

AR AR SRR B b AR Y 2 1 e

(Simplified Excitation System)UEXS = &) » 8 & fa i3 = » 2 L 45

THEF D] 2 BB > & & S0 2 #i(CONs) ~ ik i % 8
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2t

(STATES) ~ # #ic% #c(VARS) 2 & #ic ¥ #c(ICONS) % » i 1 3 e &

s UEXS = #.B) % 74 % (Datasheet)4- ™ B] 5-9 2 B 5-10 #{7% o

v
+ ref
E € 1 E sensed K E Jd
> > —
sT, +1 - sT,+1
+
Vs
N\ o
- +
Ec ] 1 E sensed ] 1 Efd
— = » > X — > - >
+ T, by - X + T, By
_% +T _%
V;Jrhsg

(A2 H48 w)
B 5-1 3 i 3 gess & 2 UEXS $53) 2 SR

UEXS
Simplified Excitation System

This model is located at system bus # IBUS, ECOMP

machine # D, VREF

This model uses FZONs_ starting with # J, — EFD
and STATEs starting with # K. VOTHSG,

CONs | # | Value Description STATEs | # | Description

i—l Er (sec) = 0 K Sensed Vc

72 Te (se0) = 0 K1 Ea

BUSID 'USRMDL'ID 'UEXS'400321 Ty, K, T¢/

W 52 ff i 2 gers 4 s UEXS 03] T &

(Heiz it A )



B i H04) 4238 78 (FORTRAN)4e T #4557 ;

C[UEXS] 10/18/16 This is a sample excitation system model which was

C developed during the model writing class
C s ok ok osk oskosk ckock ook sk skosk sk ok osk sk sk osk sk ookosk ok ok ok sk skosk sk ok ok ok sk sk ok sk ok ok %
C++
C This model is the model of an excitation system.
C--
C++
C CONs
C
C ] TR, Measurement time constant
C J+1 K, exciter gain
C J+2 Te, exciter time constant
C--
SUBROUTINE UEXS(MC, SLOT)
C
INCLUDE 'COMON4.INS'
C
IMPLICIT NONE
C
INTEGER 1B ! bus sequence index
INTHEGER IBUS ! exernal bus number
INTEGER IERR ! error code
INTEGER J I starting CON index
INTEGER K ! starting STATE index
INTEGER MC ! machine index
INTEGER SLOT ! allocation index for getting the starting indices
C
REAL VINP I block input
REAL VOUT ! block output
C
LOGICAL ERRFLG ! error flagused in DOCU,check
C
IF (MODE == 8) THEN
CON_DSCRPT(1) = '"TR, Measurement time constant (s)'
CON_DSCRPT(2) = 'K, exciter gain (pu)'
CON_DSCRPT(3) = 'Te, exciter time constant (s)'
C
RETURN
ENDIF
C++

C Add logic to derive the starting CON, STATE, VAR and ICON indices

J = STRTIN(1,SLOT) ! starting CON index
K = STRTIN(2,SLOT) ! starting state index

C
IF (MODE > 4) GO TO 1000
C++
C Here MODE can be any value 1 trough 4, which are the simulation modes.
C Because these are simulation modes, check if NUMIRM is negative and
C RETURN out of the model.
C--
IF (NUMTRM(MC) < 0) RETURN
C
IF (MODE == 1) THEN
C
IF (MIDIRM) RETURN
C
VOUT = EFD(MC)
VINP = LAG_MODEL(CON(J+1), CON(J+2), VOUT, K+1, IERR)
C
VOUT = ECOMP(MC)
VREF(MC) = VINP + VOUT - VOTHSG(MC)
C
VINP = LAG_MODEL(1.0, CON(J), VOUT, K, IERR)
C

RETURN
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C++

C--

C

ENDIF
IF (MODE == 2) THEN
IF (MIDIRM) RETURN

VINP = ECOMP(MC) ! block input
VOUT = LAG_MODE2(1.0, CON(T), VINP, K)

VINP = VREF(MC) - VOUT + VOTHSG(MC)
VOUT = LAG_MODE2(CON(J+1), CON(J+2), VINP, K+1)

RETURN
ENDIF

IF (MODE == 3) THEN
IF (MIDIRM) RETURN

VINP = ECOMP(MC) ! block input
VOUT = LAG_MODE3(1.0, CON(J), VINP, K)

VINP = VREF(MC) - VOUT + VOTHSG(MC)
VOUT = LAG_MODE3(CON(J+1), CON(J+2), VINP, K+1)
EFD(MC) = VOUT ! this 1s the model output

RETURN
ENDIF

IF (MODE == 4) THEN
IF (MIDTRM) THEN

Since the model is not coded in MIDTRM, put out a message. The NOIMID
function will put that message out.

CALL NOTMID
RETURN
ELSE

Set the value of NINTEG

IF (K+1 > NINTEG) THEN
NINTEG = K+1
ENDIF
RETURN
ENDIF
ENDIF

1000 IF (MODE == 6) THEN

C

C++
C

IB = ABS(NUMIRM(MC)) ! bus sequence number
IBUS = NUMBUS( IB) ! IBUS is the external bus number

WRITE(DBUFO1,507) IBUS, MACHID(MC), CON(J:J+2)
CALL REPORTS(IPRT ,DBUF01,2)

RETURN
ENDIF

IF (MODE=5 .OR. MODE=7) THEN
IF (MODE=5) THEN
CALL DOCUHEADING
ELSE ! MODE is actually equal to 7

Add model data checks
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CALL DOCUCHK(2, ! CON numbe r
"K', I CON name
conMsgWARN, ! type (error / warning)
docuChkErr_InclusiveRange, ! range of check
1.0,200.0, ! lower range, upper range
ERRFLG) I flag
C
CALL DOCUCHK(3, ! CON numbe r
'Te", I CON name
conMsgError, ! type (error / warning)
docuChkErr_Equal, ! range of check
0.0,0.0, ! lower range, upper range
ERRFLG) I flag
C
IF (.NOT. ERRFLG) THEN
C++
C Since ERRFLG is FALSE, it means that Te is not equal to zero. Now check
C 1f Te 1s> 0 and <= 0.5. This means Te is in not in range if Te<0 or
C Te > 0.5
C--
CALL DOCUCHK(3, 'Te", conMsgWARN,  docuChkErr_InclusiveRange,
0.0,0.5, ERRFLG)
C
C
ENDIF
C++

C If DOCU, check does not find any data errors, then RETURN out of MODE 7
C logic

C--
IF (.NOT. ERRORSFOUND() ) RETURN
C
ENDIF
C
CALL SHOW_MODEL_INDICIES(O, I starting ICON index
0, I ending ICON index
T, I starting CON index
J+2, ! ending CON index
K, ! starting state index
K+1, ! ending state index
0, ! starting VAR index
0, ! ending VAR index
0, I starting reserved ICON index
0) ! ending reserved ICON index
C
WRITE(DBUFO1,7) CON(J:J+2)
CALL REPORTS(IPRT ,DBUF01,2)
C
RETURN
ENDIF
C++
C Format statements
C--
7 FORMAT(3X,' TR K Te '/
1X,3G12.5)
507 FORMAT(I7,'" ''USRMDL'' ',A2," '"'UEXS''" '," 4 0 O 3 2 0 ',/
7X,3612.5," /")
C
END SUBROUTINE UEXS
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