Technologies




leApD o9 qROpdAEeF

ag (i qor
] Abes qdr ddaprd
Z2o2oOANeg Nddd\dkg RT D
] e b3 e Aazamd\dsg RTD
L] e f adn &bBS(
yde¢ qdy ¢bosbdd

e )
TEChHOIOgleS celebrating over 20 years as the world standard for real time digital power system simulation




0 d d b eRTAS Technologies

1986 1989 1993 1994
tdAed e AEbdd deé¢dyY ¢ areqQl e Ay ybaaqQogad@dEMw A ybadAbrf ¥
o ARTDS df ase HICs obddA¢y A RTDS Technologies Inc.
() () ® ()

Ayl Qanr3qQdyryY oO0ObpndosegdAd)éndyY dbéqd (dobondbed
Aydonbégnbq ot nAb dantdog#EHydra

AeANegnqQYs>qQqQq abhBdgedrdd rdébéADsr q | b ybaades3zddybdb

g sk W ot /A Manitoba
CENTRE Hyd ro

ITEChn0108leS celebrating over 20 years as the world standard for real time digital power system simulation




obaoAbpfr ¥ dQg3bj D

ALQeédyY ¢ afre crocbegby¥ draservydbs sdAegpnbldb g6
AOr e o R+ boonbhq dbIeAadonr d pA fMaibbapgWRo é Aps @ dJdenp

A2 ydyeyRpénd @ Qo/d b e b & d ¢hardeh(
4
R

Ayybeb 60 dbdeosjorybég
%W.M

: . | ‘ g ,._._.;"'..:’15'-:;‘.‘: . = Slder olos 1 3 : 1 / v z ISLAND
ITec}anlOgleS celebrating over 20 years as the world standard for real time digital power system simulation



AAbe@Qo bde QFfr d Qe QY
A60%r R pro obygdba@ni
AAbe Qo bddAégednnd

YA3frapger QodAar vge
¢ dt s e.£

AceQydeben(edgqdr 3
Aocbr Régbjrdqer
cedydecbbEbecsosj beg Ar
Ao Ao smdpde qj bégAd Jqeqg
53 Endd RA¢E(Q} (pnr

ITec}anlOgieS celebrating over 20 years as the world standard for real time digital power system simulation




YAd ¢dEeAer ogbf R

YQybdbedq fR o0cbrReégbj ddeéylndifend Gibme Qe ¥ ywd

SIEMENS A RER ALSTOM

TOSHIBA SCI&nEIeeicc!ﬁr

"‘ SEL

TEChHOIOgleS celebrating over 20 years as the world standard for real time digital power system simulation




YAd gdEeAer fddedqj

YQy bdbed@Qowv-Rdedqj bgNdqegdyrebdbddadonddéj Dé Jo -
DTU Technical

e B UNSW

Denmark = iversi
“ THE UNIVERSITY OF NEW SOUTH WALES The UnlverSIty Of Manchester

RWTHAACHEN A DU DURBAN
UNIVERSITY A

TECHNOLOGY
ITEChn0108ies celebrating over 20 years as the world standard for real time digital power system simulation




YAa jbégqervxyd epded

- o9 RED 6 = ) .
AManltOba »'_**' ELECTRICA Rte Grid c:;ﬂ::: @ S sl yesl A gadt AS 4t
Hyd ro DE ESPANA . Saudi Electricity Company ii:’% - i % m

N STATE GRID
BChydro P0)IE R S L)

SICHUAN ELECTRIC POWER CORPORATION
||||||||||||||||||||

SOUTHERN CALIFORNIA

EDISON oh [ @7 75 B

CHINA SOUTHERN POWER GRID

An EDISON INTERNATIONAL®™ Company

5 EE \JM‘/?%‘JA —_——

L‘omisidnFederaldeflevtricidad; | | ——

P Eletrobras ==
Furnas
3 . 5 j. s s e ‘ ‘

: — | X TNASEN‘l‘gﬂAL
Operador Nacional . ; BERHAD
do Sistema Elétrico rﬂ [ | 9—2 -

NamPower - h dewa E—
Eskom | TRANSPOWER

TEChnC)lOgleS celebrating over 20 years as the world standard for real time digital power system simulation



O0fr cbheégANY cdoosdAe+ ¥
ALSTG)M({&QEFybEG)ifd/\DFY

Od b3adonjghégbegmANED dbN> QB ase v RIDSM dAy gole s dAbddoanr 3 qdylf
bEdesqr g\ iy} de,qgg Qi bdd AgREBRSAqbw¥bebdr Y

SIEMENS cacanorv

ead (3 Adredlblj 9 3>(doeborddr o Roegd&dAbdy rdo Qy dofead a o dm f ¥
bder3sonb¥yYj e qayo\wbdobénbdec osmnd@jdé Ne r dodeebgeo@eYy ¢ gFdd o ¢ Qo ¢ ¢
dr ddoCpaes ANg erRAxr didegn gber 3Jboaodpecr boAgogudiasme oy dr .o b
pndbd)] Qoedod\dsAdeyeade d; b NAds ¥ deodrdA o BIYOCY FACTSy bao Abp ¥

SI EMENSe eé RTDS Technologies o bj t Qe q MU\ * bodeANdyr ¢
bdedabodr clrg NRNa(Qofr wrQdy beglydARAE 3
ybaobo(dpo&KEecaddd ¢ bdqddr AANd@\Wexr® a b Ide

cANd3¥fr e ooobbiYf Qe qybFIcNaabBddhods ey
doegdd¢ saybet rCerddFd b R} ANow éadebi e e

TEChHOIOgiGS celebrating over 20 years as the world standard for real time digital power system simulation




10

art+ d croecbeéby¥ dr a

¢ 7 m ax T oto ohTm] e~ a ; ™ 'Yt hoa™
ch< < <e*2<mtooo o omct<|t:_t?< 970 e )
(TSA) c ho ¢ (EMT)
o co o S mmo- ot _ t-mgyn ~2-50a _m
h"‘m; t ~ M h ~ -
¢ 70 T e ] m t x O | m t x \Q" e o e e
c ’<e*< * eX’"t,O<e*< * Xet0;<e* Y
_|*”‘c”’;"‘ometothmeoﬁe”“ Y L;rﬁ’md ﬁo;el”“”‘f‘n’t{o 0C3_'|C
ot ol >15Y 1

—»! e

TEChHOIOSIQS celebrating over 20 years as the world standard for real time digital power system simulation



AANRDéEdq oecfpnerod

zedbeebbaadery

L e b Ee ARDPEABEJp ¢ ro/ceN\goodged e ¥F QF e A¥r 3 ddy r
s NEgn@nprpdJIecr ch@dmpd@GaN\o Je r Y
L

C
i(t) TE;_‘ %

cdi(t d v(t
v(t)=L* ( ) i(t)y=C * —dt( )
i(t)= 1 v(t)=
® TJ v(t) dt = 2 Jl(t) dt
applying trapezoidal rule of integration
1(t)— V() + In(t=At) ()= 2% v(t) = In(t= At

JRTDS B
TEChn0108leS celebrating over 20 years as the world standard for real time digital power system simulation



AANRDEdq oerpnerod q

zedbeebbaadery
.G dde bobebddwqr¢sdbidye dj di ae\3d(t-¢ct) ¥ I(t-ct)

(= 2L v(t) + In(t=At) i(= 25 v(t) - In(t= At)
)= 5o vt | - |
L v(f) L v(f)
L R=2L/At ——R=At/2C
ViV : ATAY
1(f) 1(t)
Ih Ih

ITec}anlOgleS celebrating over 20 years as the world standard for real time digital power system simulation



AANRDéEdq oefperod 4

zedbeebbaadery
ad¥lbaobo@edyder g qodwdy ddAgeerGnG ¢ r ¢ Ae @uodibg ad byyb/¢
dboebdfr gdedonr ¥

nAdad@dihy ede b qoydpae o b o Gooddpegd b d radd @abdd ¢ QE R® Ad g d Qe ¢
yber 3 @&/ de.dor Y

III|BIDS o b
v LINE1SE
Technologies

celebrating over 20 years as the world standard for real time digital power system simulation




lebeqj aseAN sAd3qd

L e Qb Ee ARDRENVYO/NDD Gog RO ¢ Nod/ e/ dl s g GFogfy ¢ f ¢ Ae Qp@d e
dbddb vy yRbd d b 3 ndoyypEDboecbdr e dor Y
DAD b

epdMhd €Jroecd € b} ¥ acbydgdr(FYAe quijdiw b Y

-1

. g > = 3 V1 G11 G12 G13 11

@ W V2| =| G21 G22 G23 2
T

V3| | G31G32G33| | I3
3 adsrdeabg RO A3 bl yrilgo be QRoegd AdAGMHdN Qj dj seeA\BEG e
0c B ABADOA3 A woddedd ¢ ¥ ¥ a)

A AN DQd 6 v qWbxrErAdds s dRD A GG b Hig
5 nAdd@d pgqQd @ BB [I]

/l NOBTOPATb...
ITeChnologies

celebrating over 20 years as the world standard for real time digital power system simulation

[P




¢db dAybQq énqAé?gnt

AnANdsgddbenyyddy 39dg Edddedqq 3 qa s Ae ginesepy s C
AEANI eANd3qQdA raoaqQqd obddbryoond¥Y odefrbj ¢ éEdobenry
AdbddebYddgAN ¢E¢bj AN gdégbj N bEnbgeryddy dq obddbvyo
AbdobegRayddy o9AsAeedegndq édsrdednr ¥
AtrpocbonprRAery ob dAydbéda raosegdAa

RTDS <20 ms 215-501s
TeChnOlOgies celebrating over 20 years as the for real time digital power system simulation




2 o9cbépnpy oAsAeedegnp

BUSI BUS2 BUS3 BUS4
10 i 10 10 £ 10 10 1 10 10 £ 10

TRF1 TRF2

Tmva = 1200.0 MVA Tmva = 1200.0 MVA
St S2
lIQ——@— = 41 5 |—— N\ 2 - -@-—ﬂ'
=230 =2 kV
@ 2 { { 9 |&| g @

©

B

o8

/
g

I

Processor
Processor

Processor
Processor
Processor
Processor

e b ¢ dc

6 B C
mlBIDS eAobopndg EQ3saedyY ¢beog’(§ ? q
TEChn()lOgieS celebrating over 20 years as the world standard for real time digital power system simulation



leradonrabddg jexy ED

0b3gAdg ddApbégrddy denspbhRéPhe g Ygoibedeg obde@dd
c ARj QeAdgbij df d duoidj Ry dBEe®filYyaO ¢+ 00O.

BLESD
RO [ O

1=

EETT
—

- | Kom-Bo ysnoB=m Kon-Bo y3nos é@]
:--:—:—.JI II‘T’IL _\%_T@
Al A
e L ‘1 n X n matrix
L {m X m} 0
A R — 05
! | \- )

ITEChn0108leS celebrating over 20 years as the world standard for real time digital power system simulation



|l ebe ddd eAd3ddA G0

TRF1
Trnva = 12000 MWa

-

(\?Vlf? ed; O 2 g, 2
,'ll 2\/23 2921 O, 2 Oy 2
éaq |64 4 4
SV.S_ ggu g, 2 g 2
600 b A cad s 4 4
2e dj A3 s &t (69 9 2 Gy 2

O Ay dr a72x¥2

£ 20153 b} A
aAy dr a9®x®d0

Technologies

celebrating over 20 years as the world standard for real time digital power system simulation



| e r aoc Adl¢EHb i nbY yb

AtoQer ANerRrebgApondY ocbhbA@aahd@od@gqubdd vegnddesa dYd
AoNddcpdbojbsegn Ay yboddecoyletrrw byr Y DAEDbe deqj ddg ¢

et e dj pr YE
>y Ao

4 abijPB5y 0 bj o9 GHWIF

ITec}anlOgleS celebrating over 20 years as the world standard for real time digital power system simulation




E+r EyAY ybpordoscAet ¥

TEChHOIOgIGS celebrating over 20 years as the world standard for real time digital power system simulation



t 0Qer ANefr RrebéApnpndC

GTWIF:0bji segpddec o @REA3I QY ddADETF ¥F

At d¥YRg d o906,/ P &dBEtmematd qd ¢ o

A VEQdodsr g alo RAIpmBYQrerqu dr as #

AyEQdo Qor gAQEAY dr g0bq ¢RwegﬁhQqux'§¢f
abj degy — KL

AyFEQdoqQqsr ¢gAqQd bEado | AoobodRiiko+ o

AyodbegbebybooAyY ybaasonryAe € pdd jG:SW
y ANdddqd)

JRTDS -
TEChn()lOgleS celebrating over 20 years as the world standard for real time digital power system simulation

_J | R - i B
- A % : N
I {13 L.

- o el A
'.:.".!, .n V" /

SR TR

s u B

::: . - B

1 S




t 0Qer ANefr RrebéAnpndcC

PB5:, 6 be Qddbend¥Y,

AYbéqQqQyYsrqQ dQgoenbebldrsr édsrdedpryY

AdbgQer adoA abgeobdeogerRG HBEM ) gbsdct
qd dAydbgbyY GSHMeddbdby 1.7

Aebobepnrdegnd yboaosnryAer boodq e
bFEado A j Aoodar adqjos oebedddbe Aaig. 4 U

AdbgQersredy eARa(de abj qeresqaby ( (f": i " >i qd
ybaobo(dondb ¢ | R

Al ebdec ANaod\Rib A3 GG ¢ ¢

ITEChn0108les celebrating over 20 years as the world standard for real time digital power system simulation



t 0Qer ANefr RrebéAnpndC

Er EywddANd3fr cvydadq AnopAebdb¢gd(

122y Ao ANegbf g6# ¢ dozgf@&| ¢ €z)] d IANegéAor 3ddy
L bdeq;i bgANdqegnbg objyeysdon+r g abj sePBFY ¢ ¢

- GTAO

3

ITEChn0108leS celebrating over 20 years as the world standard for real time digital power system simulation



t 0Qer ANefr RrebéAnpndC

Er EyradAd3frervQadq j rdysddnd( ¢

64-y Ao ANegbf egbi AN ¢ ¢degbt A | f d¥\GdEd\a r (o
F Rbervyer QY. | Ddobdibe/NBmgudb Gbi seqY ¢ edroe
PB5

GTDO

S
-
-
-

ITEChn0108leS celebrating over 20 years as the world standard for real time digital power system simulation



t 0Qer Nefr RrebégAnpndc

GTNETX2:a b} seg

Aadbebq obybe GINE(Q

AyEQdoqQqss ¢ A\d]d¢ m@EardRiga

ABRpDA3ANegnbh

Al boebdgEAQ
ybaaspfr yANerboponde

Aobjseg fraqQqqQd 2

ybdbe dao

A4
ij_ SEY G’l‘netl -

c ANRe ANEDbdAD

o \NFR@G \EMH & A b A
oebdbybebd¢

D RAEr drab
Oobt t deqr ¢ ANQd

qdddg¢de

(Y

F bd(de o

s d d s b EtleingtA o |

ey objj (88

obii deqy /-

GAEde;
sAEbdos ob ( @

I Technologies

celebrating over 20 years as the world standard for real time digital power system simulation



| 6 bdby GBENETX? s

IEC 61850 % External Devices
. f (IEDs) E
GSEj r dye qdndd dbbEas (ks
SV:alobgQnondd RbpA3Jo ¢ el

PLAYBACK 5
PBgbdoecbhbr R&dQt dor «
2cb} beqr ddlJ/eYwée A

T Ethernet Switch

SCADA - =
DNP3f IEC 608705-104 A GTNETX?
PMU SKT
PMU: IEEE C37.118 Ybdr GFNETXBE RAf abj QYo

IJRTDS s Qs TRIUDPA by 4 ¢
TEChHOIOgieS celebrating over 20 years as the world standard for real time digital power system simulation



t 0Qer ANefr RrebéAnndC

GTSYNC:6 b} seg dfpoascsbor RAsr ¥ 0D df Jr

At rpocbopr RAer v RIDD/NH #Modds@®F/ raosegdAa -
WMAoDecf GFEB8 ANdid dfr necbor Rfr eo(a 1
FrdoddApr Y _ -.'.;i-'-_{i‘;:’;:.-'f

AGqaddyodfBdgme (1PPS) obj yey \addamms
ybAydr ANegond¥ e6AR) qQa BNC f erx . e

Atv 3DABLEIBBE® bj yeyaAQddy 3 Js QR DA R

At r3oAeBaobRIy®eysAdqddy 3desdR s AR} Gt

At rpochboproRYberoxb | r BMUf | @6BESS0-9-2 SV
sddeb¥ddég

ITeChHOIOgIGS celebrating over 20 years as the world standard for real time digital power system simulation




leb3IecAaanbq bEBICADS

At bj Qe qradQBERaEbj f ab( j evymmmErrrrr T
F dded; béaNojrGre rre b AD¥ ¥

AYQ de QEosqd bomheMdy rdaEe g o (
abjsedyY ecAdszpo\GEeoED
ANdo(Qydb¢ abj Qer ecbgADT

AYQ dbjqeqrd abjosedyY do
c AN\Rec ANEbd3+ yb¢g

Ay Qanr 3qQdy Ay oDbjj dsqyA
ereoRfrfr 3(0edR dAYd

_\ - 7.2 i -_‘-;;; 7 \" N hl‘ :,A,‘.,:;.;‘». 3
L _‘_LI \ViE — !
ITEChHOIOgleS celebrating over 20 years as the world standard for real time digital power system simulation




lebIecAaandd RESGADo e'F

®aiin-meHegxep PepaxTop cxem  BUpTyasibHbIN
CTeHp,

"EeANdladsADF e AN RSCADELRSr 3 GdljtA¥ydbs | e &
OAD 9 ct/A¢ge dnr
soe/ANge(donfr ¥y 2ebdydAaogr dbgMor v doadad Oqu;{EfFQQFQ¢’X‘y)SFq¢Y qoe%qabds
RAosdys ggbi AN oANeNa(qdeb¢  qroegdAdbg abj QerebgArc

CBuilder MultiPlot KJ

1t bR} Ng B d
ybqgLoéogg¢?q;gg:D;&Agfﬁ’obessQooga pPAdd e pAe ANEQegadry
aQpyAeAaddebg, ¢ AedBBeatAbgADrqQ gd¢rjfPRg ¥ ODb-JdbRirQds ¢ 3 ddy+ a

t A\nonda frefr dboebdr e dnr¥
c NEbdd ¢ edAegnba ¢€ecdadpr . sbdeqj bgAdQegnbddqy.
B

NAd3dd oaANAc KPR{eBddry
eropP orRIOQPmJder 3 qdy f a
t A\nonda frefr dboebdfr dgedpnry

llRTDS AR
TeChnOlOgies celebrating over 20 years as the for real time digital power system simulation




30

RSCADpAY-a o d3 qQde

File Edit View Tools Help

=
Runtime CBuilder Multiplot || Cable_W1 Help Convert Manuals

-4 e Tutorial

CBuilder

GPC-PBS

CH1-VoltageDivider
[ vdiv.bat
W vdiv.dft
vdiv.dft.1
vdiv.dtp
vdiv.inf
vdiv.log
vdiv.map
vdiv.pUsage
K vdiv.sib
vdiv_r1
vdiv_tx1.txt
CH2-ACPowerSystem

CH3-Transformer
CH4-nstrumentTransformers
CHS-InductionMachine
CH6-Generator

CH7-Script

CH&-Relay

CHBA-SIRScript
CH38B-DifferentialRelay
CH8C-TOCrelay
CHED-MhoQuad_Relay
CHY-5VC
CH10A-HVDCControls
CH10B-HVDCRTDSControls
CH11-TCSC

CH12-GTHET

YT YYTOTY TYOYTYTOYTYTOTOYOTOTOTOTw

| Copy | Clear | Viewan ©

-~




A

File Sequencer Racks

RSCADNndt Ay db s

DRAFT 4.005b

d &

EIEEEEC B [@] =E e
La B0 « s dc i o ==m = LIk
[ ] CORTDS_uSER'filemaniExciting\BaseCase_GE.dft -
55#
- ! POWER 5YSTEW PROTECTION OWERCURRENT PROTECTION DIFFERENTIAL PROTECTION
& FTTTTomommm e i Versi 87 00
| DISTANCE PROTECTION Version:pn51_00 Srelon:psy
! —3 VA k\_ Trip |— TrinBuel [—
TLINE < TLINE : Wersion:pn21_01
m [&]
Distanee Protection CALCULATION BLOCK 55 25 CALCULATION BLOCK ! v W 2tsten— = ve info |— o s |—
BUSA T-LINE NAME: o T-LINE NAME: | H
1.00830 J_ 3.76400 Comm Scheme LINE 1 LINE1S o LINEIR | o
M3 ooNZ LINE CONSTANTS: JT* LINE CONSTANTS: I —3| vE PR3P T— —3 ve Start — Info | —
[ ] L ] L TL500 TL500 ! | ™
| |
CONTROL AND MONITOR 2 CONTROL AND MONITOR I —{ ve RECL— — 1A Reclose — Status [—
IN THIS SUBSYSTEM = IN THIS SUBSYSTEM I 5
GPG: Auto GPC: Auto | N PR N
T-LINE NAME: 1 s ZB T-LINE NAME: | ‘[:
=8
LINE1S v—E‘n W j LINEIR ! | . N
FEENEDMIGG BEND z ot 'E FEENEDMIEG EEND !
=
TERMINAL NAME: o 1 TERMINAL NAME: | —3 e Infa —
FLTBALS 15 3 e FLTBEIS 1R I
; ! —lBLock
|
Draft ‘varable Draft ‘Jariable Draft “Jariable :
FLOC RON RN ! —slBLKes os L
I I
|
o1 _ ! —3{cR CRL [—
| PUTT
! —3lcRe LCG —
|
|
|
I GEMERATOR PROTECTION
|
: Wersion:png4_00
| ol
| ose —
T-LINE NAWE: 1 T-LINE NAWE: ! RTDS-GEN
LINE2S ; LINEZR | Tripl—
- |
FEENEMG BEND z .= .:.I" FEENEMIG EEND I
TERMINAL NAME: N T J TERMINAL NAME; | Infa 1—
FLTEULE2S 3 = FLTBEESZR |
: Info 2 —
TLINE _ TLINE |
CALCULATION BLOCK CALCULATION BLOCK I
ntrol CAT | Status —
eo T-LINE NAWE: ! T-LINE NAWE: | =
LINEZ2S . LINEZR |




t bRt ANo¥r Q@ dada

L] e qyeys3dnfr g bdbEsc AdagaaxsNHebigrwoded oQivobEec ANd

—
[A C:RTDS_SWITUTORIALIGPC-PESICH2-ACPowerSystemiacsys1.dit [ ] CiRTDS_SWITUTORIALIGPC-PB5ICH2-ACPowerSystemiacsys1.dft
[ ss# | [ss# |
- -
SRCBUS LOADBUS — .
1.00000 /_ 0.00000 008048 /_-2.14021
0NN (R R T SRCBUS LOADEUS
L r Y TLINE [ " 100000 /_ 000000 088048 |_-2.18021
CALCULATION BLOGK J—— I
TUNE
T-LINE NAME: CALCULATION BLOCK
TLINE
LINE CONSTANTS: TLME NAME:
£230x50 — e
AG Type LINE CONSTANTS:
CONTROL AND MONITOR s
A IN THIS SUBSYSTEM [ sy Y P
i GPC: Auto | J | J e I8 THIS SUBSYSTEM
1] B N COC: fasi
10 50 km Transmission Line i
[ S (flat configuratian) 50 km Transmission Line
sRe o 2d 24 9 ad vl @ 4 flat canfiguration)
1430, 418008 Atine G<E<s@ X Ea T Err=cid a -
R R T-LINE NAME: T-LINE NAME e - o z 3
TLINE TLINE L
1Btline J__ J__ =
—T—— 2 — = = — =
ICtline TERMINAL NAME:  TERMINAL NAWE: 100 MW Load 50 MVAR Load
= LINEISE LINEIRE AN 100 MW Load 50 MyAR Load
TUNE TUNE
o : o T et :
| I 1 TlaT | el == S==
| o h N - L Y
| e g B L e
| | | 5 [ | ! ! [
! ! Lo 9] ji werir L b I oo L A wal L b
| I I 008 ! [ | | 005 ! i
| 1 1 | [ | | :_ g [ =
| 1 | o e i e R Wl -~ et et |
| | | L6 FADLTROINT | | | LarAiTRonT |
[ angle difference ! Vo T mr e
} Bus 1 - bus2 ! 1

TEChHOIOSIQS celebrating over 20 years as the world standard for real time digital power system simulation



Ar Fer bddy AN ybaobon(dnd

TRF1 TRF1
Tmva = 12000 MVA Tmva = 12000 MVA

o i
- - Y |

B

2300 230

@ @ RLC COMPONENTS SOURCE MODELS FAULA: gg:;ﬁs" KER

Tmva = 100.0 MVA Tmva = 300 MVA

Y ¥ ¥ Y A Y

MVA= 100.0 MVA

e
TRANSFORMER MACHINE MODELS
MODELS

e~ e =

VALVE GROUP & SVC TRANSMISSION LINE
MODELS & CABLE MODELS

INSTRUMENT
TRANSFORMERS

TEChnC)lOgleS celebrating over 20 years as the world standard for real time digital power system simulation



Ar Fer bddQy A df ddqa’™

va_ — b+ /b —4ac tD—LDJ O— %]

5 & - DI
L 3 L o @ » MATH FUNCTIONS LOGIC FUNCTIONS TRANSFER FUNCTIONS

ms ms freguency
Angle Difference Meter

_ =\ 10 15 20 :
Phate BEMS Single Phase RMS F, dF, we, dw 5 25
0 30
- g 7 i m —
3 Phase P &0 \

SIGNAL GENERATORS METERS NON LINEAR FUNCTIONS

53 Phase|
P&Q

l
--T Meter [am

angle difference
(pu) bust - bus2

P W~ LY 1N r

QU* — R
pame FIRING ) T
— j\_ — 2:/1/ - PeBlosk o)) qF EP 3 Phase |2 T 'ii‘ =+ B | il | | ‘
0.001 B0.0 Hertz o GENERATOR e stk A Eventsl #2 83 24
O High Precsion W Lag 30 b LV SIGNAL SELECTORS SEQUENCER COMPONENT
Fixed Ramp Generator A—I% om0 lc — - -
(rad) = . 3 2 :
3 Phase Sine Wave Generataor P@" V_\{ m : R+9X <t:|> X a
Firing Pulse Generatar I'-_.' :b I }\_/(' :\J d | |L
MAX RAMP = &: ‘: I ﬂ. h A .ﬁ. |X|LB *lHlLﬂ
5.2831853 FROMRTDS I COMPLEX MATH
1 aw RANDOM 1/0 COMPONENTS SIGNAL PROCESSING FUNCTIONS
a7 el 2 s | |
MIN T:UMP = Randam Mumber Generatar + U 'Ii?gl‘ees ‘:" radians MISCELLANEOUS
=\ itege > g poit g0y Extemal Plot Upt
“fariable Ramp Generator High Precision Angle Generator \_/ . . - Halt Sirlation
-5 inte ger # floating poirt (leee) Flicker Meter (PST)
Tt Set TO Flag
LIMITS DATA CONVERSION Send TO Flag
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aédbj oAsAaddebg yE

_rtds_PDSM_FLT_v1.def

" ENABLE MONITORING IN RUNTIME | SIGNAL NAMES FOR RUNTIME AND D/A
: MECHANICAL DATA AND CONFIGURATION '

OUTPUT OPTIONS
MACHINE ELECT DATA. GENERATOR FORMAT
~ MACHINE INITIAL LOAD FLOW DATA | DQ-BASED MACHINE MODEL CONFIGURATION
' GENERAL MODEL CONFIGURATION i PROCESSOR ASSIGNMENT
Name Description Value Unit Min Max
Name ponent Name ' =
fedyp  |[Machine Model Field Excitation type Power Svstem N... | v 0 1 =
mmva Rated MVA of the Machine: 003 MVA 0.0001
Vbsli Rated RMS Line-to-Line Voitage: 208 kv 1E-9 1E6 =
Update Cancel Cancel All
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File Create Script Breakpoint Tools Composite Script Signal

Case

HEIEIE

® gE

RUNTIME 4.005b

Y000t 0@® & WNe &

36

\ [A CARTDS_SWITUTORIAL\GPC-PBS\CH10B-HVDCRTDSControlsirtds_hvdc_ctls.sib Compiled on: rack5  Started: 13:25:31
£ BaER VTX o) VNI 5] EERS] = EARHES AOR [O lord [3) Ict [3) lerr 5] CNV - [O
I 4754 r 1 r 1 = = = 1 f r 1
=04 s200 29 240
— 254 | || w00 | o0l 3900 22 180 | 1w | | TH |
1204 0.0 1) 200 15 120 03 25
50 & L 1300 03 60 + +
D LLE 0o 01 0o LU o
o T ] : (S
. 2350 | 229.7 /] 346.7 3220 | 38 150 | 0.2978 1.000 3609
o Inveter 3 Phase Fault (CF ON) S Subsystem #1|CTLs|Vars || O Subsystem #1 e Subsystem #1|CTLs|Vars |Tig| ©
= = L= ETOEV]
> ] [TSRRAVD ] CINY @ 1 Q Q 5 [FTF] 100 5 L
g
M I 4 P 0 Stop 0 0
B - 1| 1 IS L I (WAATAVAVAY, J 0 i i 15 y i |
ki W ¥ W Wi | ] 1 '
o , NI SRC Fault .
: [oe | ! =
=l =2 = glg ° i
w 082222 |
5 066667 05
7 0.5 ADEC CE ON )
033333 1 L | L
n.maa; % o 50 A
TXSRC Fault [TRECT]
[ETTRE]s1a N 51 b 3 EN a Y (&=
600
7 800, I | I I
i . 8 .
/ > i 0.8
= i, Tl 14
-400 L4 ™ 4
n perd | [ 1 | B .
044789 060874 076950 093044 1.09122 125212 = g r
2 . l
-I ! ! o s LRI
14 -2 A
O 048247 096404 1 44741 1.92088 2 41234 2.80481 0 049522000057 1.42525 108113 2.47642 20717 O 045723 091445 137168 102801 220614 2.74326




adobendon+r g dfase

L ebr Réebi r d JDGoobbRjgdbge vy dd 9o2ec Adervydg abij Jer egoaf
¢ G q /\ E g D b (] ¢ G q (] q D .F i’:'e Create Script Breakpoint Tools Composite Script Signal Case FNTEAR0

PEER ——] DO
Asogc Agedimadde ver QY |, [Foomommmmmmme .
Aobor dbRADAr ddaby

AégddecgRydde

\acsysi.sib Compiled on: rack1 Started: 12:00:40 Stop 12:00:46 Run Time: 00:00:05

PRE (o] QRE (o] BUS2
1 | | Zﬂﬂ.ﬂl | | Zﬂﬂ.ﬂl | | 450, ﬂl
(1] 0. 0.0
+ + +
| 200.0 +-")J l -2::“:“ _'.)J l oo W+ JJ
9638 4839 [ 2063

AL
VWAV

00000000000000
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oANYge on Awrow qydr gpnd¥Y foD

1 1 1 e

¢dbaAdr&&pq9reb¢ﬁ

ey ANgdbaAd
CbEs ARpDdY
Nt} NodRArF ¢ 3

obegRD ¢ Adejgodeyr3de Aaad
obegRD ¢ ANdOeagdiydF Y e¥ D

ANegdbaAdrad

/] EditPad Pro - [CARTDS_USER\fileman\Cyprian\Protection\[EC 60255-121\6.3 Dynamic Performance\6.3.2 SIR\6.3.2.2 Short Li

File Edit

Project Search Block Mark Fold Tools Macros Extra Convert Options View Help

D DRI QRQRIET -E- @1~

F RAerfr abij (er
YRy 02e6bJde
gd b af Gaos ,Avdilb

Bd/yYd\gy 3 e Aar ¥

// #2 - set Fault Location
for (int floc=0; floc<7; floc++)

S@au].gca Onthe.muLFton ’x‘

Start; // Start the simulation
MasterPlotLockState = 1;
SUSPEND 2.@;
// #3 - set the fault type
for (int ftype=0; ftype<4; ftype++)
{
setfaultType();
// #4 - set POW fault inception point and faulting 4 times

for (int ipow=8; ipow<4; ipow++)
{

setPOW();

itc++;

itc++;

itc++;

itc++;

fprintf(stdmsg, "SIR: ¥s\tRelay Test Case Number: ¥d\tFault Type set to: ¥s\tFault
// #5 - fault 4 times in a row
applyfault();

SUSPEND 1;

applyfault();

SUSPEND 1;

applyfault();

SUSPEND 1;

applyfault();

SUSPEND 1;

¥

getfaultdata();

fprintf(fname, "¥s¥sXsHsHsXsHsHsHFAsKFXsHFXsXKd¥s",SIRr[sir],delim,itoa(itc-15)::" to
fprintf(fname, "\n");

iop = ©;

}

MasterPlotLockState = @;
plotresults();
MasterPlotLockState = 1;

mn

Insert 11698
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File Edit View Windows

C:RTDS_USER/fileman|TRAININGIAC SY Sitline.tib

Compile TLine To See Plot Data.

Check to see if any errors were issued from the compile.

Line Options
Line Mame (TLI):
Line Mame (Draft):

tline

Model: Bergeron (Physical Data Entry) |+
Units Metric il
Line Information

Line Length (km): 100.0

Ground Resistivity (Q-m){100.0 |+
Frequency Data

Low Frequency (Hz:  [50.0 |

Tower & Right of Way Data | Conductor Data | Ground Wires

Data

Tower Preview & Tower #1: Manual
Circuit Info &8 Circuit 1
Transposition Transpose Circuit
Conductor Bundle C.Bundle#1 | C.Bundle#2 | C Bundle#3
Conductor Name Chukar
Sub-Conductor Radius (cm)(2.03454 &
DC Resistance per Sub-Conductor ({2/km})|0.03206
Shunt Conductance (mho/m}|1.0e-11
Mo. Sub-Conductors per Bundle 2
Bundle Configuration Symmetrical w |4
Sub-Conductor Spacing (cm)|45.72
Haorizontal Distance () (m)|-10.0 0.0 10.0
Conductor Height at Tower (Y) (m})|30.0 30.0 30.0
Sag at Mid-span (m}(10.0
Conductor Bundle - Tower:1/Circuit:1 Sag Preview - Tower:1/Circuit:1 Tower Preview - Tower:1
Ground Sag: 10.0 (m) [] Show Measurements
_____ Conductor Sag: 10.0 (m)
e T T T T 35.0 ST e
. b (m)
cr @ 2
Copy Bundle

Spacing: 45.72 (cm)
GMR: 9.6446 (cm)
Bundle Radius: 22.86 (cm)

Source Bundle Destination Bundles

1 - Copy » O1 04 O7 1o

[] Copy X Data H2 Os Os O
[] Copy Y Data H3 Os Oo [O12

0.0m
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P
s

File Edit View
& M4

Unsaved Cable

Compile Cable To See Plot Data. [ Cable Options | Semmalan
:| cable Data
Checkto see if any errors were issued from the compile. Preview All Cables In Popup Preicw Cates 123
Preview All Cables Preview Cable 1 || Preview Cable 2 || Preview Cable 3
Trefoil Group [] Trefoil Cables 1-3 Angle Position:
¥LPE Cable Type [Mo =] =] [~]
General L Last Layer Insulator 2 |« |~] [~]
X *-Coordinate (m})|-1.0
Yi Y-Coordinate (m)-1.0
(negative distance in ground) =
rl Inner Radius (mm)|0.0
2 [outerRadius {mm)[22.0 oenductor
3 Conductor |p|:: ||Resistivity (ﬂ-mﬂ 1.68e-8 v |E| E
|uc |Relative Permeanility 10 - |Z| E
I. I. Transposed No - [~ [~
| ra Outer Radius (mm}|39.5
Cable Options || nsuiator 1 1 |Relative Permittivity [41 |~ [~] [~]
Catle Name (CLI) e : b1 |Relative Permeanbility 1.0 | |
Cable Name (Draft): - |r4 ||0uter Radius (mmﬂ44,n
_ : : s |Resistivity (0-m)[2.2e-7 - [~] [~]
Model: Bergeron (Physical Data Entry) - Sheath |L-I5 ||Re|ative Permeabilly | 10 - |E| E
Pipe Type Cable: No h ki Grounded / Crossbonded Mo - Ed [~]
Frequency Data 5 Outer Radius (mm)|47 5
Frequency (Hz): 10 | Insulator2 |2 ||Relatfve F'ermmmll'_vl |23 |~ |E| E
High Frequency (Hz): ||,.|2 ||Re|atwe Permeability |1_0
Frequency to Calculate Ti(Hz): 16 |outer Radius (mm)|58.3
i [an [[= Y- P T JFp— Il =1 [=1
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A CBuildero bj j Qe qfr ¢ ANqddy o0ebeqddb&GBYar abjserar PB5

Design | Preview

| ':Q: @’ﬂ"ﬁ"ﬁ"@"ﬁ“ﬂ [~| outinew | Fill¥ |
Component Type

® Control NI Iy
R Rl
(_) Power Syatem s . . . . . [ . . . . . . =
— A0,
----- P
oK
- Macro b
fffffff
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42

£ PSS/E CONVERSION 4.004.2ff ==
File Help
[ PSSieInput | PSSle Draft Initialization | BPA Input | Options |
PSS/e Format Input Files
PSSle Loadflow Input File (.raw file) ‘ ‘ | Browse...
PSS/e Dynamic Input File (.dyr file) 1 ‘ | Browse...
PSSle Sequence Input File {.seq file) ' ‘ | Browse...
raw input file must be specified, .dyr and .seq input files are optional
RTDS Output Directory
| Directory in which to write RTDS Files | 1 I Browse...

.dft, thines, and auto.sib files will be written in this directory

Options

| PSSle Version [25.0 [~]

| Time Step(us) [50.0 |

' Load Model  [z1P |~
System Freq. ) 50.0 ® 60.0

| Verbose Mode
1 2 3 4 5

Less More
| Card Type ® PB5:2x30buses ) PB5: 1 x 30 buses

() PB5:2x 24 buses () PB5:1x 24 buses

(0 GPC:1x22buses () 3PC:2x 7 buses

Conversion

o ® O
System T-Line Gen
Bus Number Range

® O Low |1

All Range High |9999

Bus Voltage Range
(O} & Low [10 |

All Range High |9999.0

Use bus number instead of bus name

= =
® O

No Yes
Include Zone, Area, Owner information
in the bus label?

i) %]

No Yes

Message Area

Invoketask: cmd /c C:\RTIDS_SW\BIN\pss2rscad.exe -version
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0 b p ¢ eMABLAB/Simulink ¢ RSCAD

F B
Simulink RSCAD Conversion Tool [

v Import Simulink Component

Ajbegyb jery dfrddqa s992¢

Select Simulink .cfile for the model: (what is this?

Import Component Type

AObj D/\C‘ﬂ.m@ﬂqueqdqy ! i® Control
MATLAB/Simulink Embedded Coder

i) Power System

Hew RSCAD Component

Enter name for new RSCAD component (max 10 charaters):

Save RSCAD Component

AbBaobed bdoeseqddgeyqddH
Select folder to save component schematic file {.def);
C B U I LD E R CARTDS_USERWLIB

Select folder to save component logic files (.c and .h);

Browse

CARTDE_USERBIMCMODEL_S0URCE Browse

JRTDS ==
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PG / VSC INTERFACE \

T
MAIN SMALL

X 7 NETWORK  TIMESTEP
SIDE VSC SIDE

100 MVA ] B
V1 V2
132.79 7.967

TMVA = 33.3333 MVA

\_ TYPE 2 J

VSC INTERFACE

100 MVA _ _ ¥
aspt - - o MAIN SMALL
D I NETWORK  TIMESTEP
@ = = SIDE VSC SIDE e
of st = 5 &
-

Vi 2
53.00 084

TMVA = 33 3333

TYwE2 XL=014PU

VSC INTERFACE

10e4 0003
BR1

wam 2 smaL veoy? BR3  INDCRTA
Gre— NETWORK  TIMESTEP . P
SIDE VSC SIDE J vSDT2
POS— V- Z o
N2 Vi 2 K =
_ =1 vsDT3
D e—

10e4 0003
{—wWA

15
H_/\__./\__
BR.

N3 TMVA = 33 3333
TYPE 2 -L_‘
{ VSC INTERFACE \
A ]
MAIN SMALL
NETWORK TIMESTEP
SIDE VSC SIDE
>V
Vi v2
5300 664

TMVA = 33.3333

LEG3
1

£l =
s 2

BR4 CRTY
_|y
001
A
3
J2

4

Technologles celebrating over 20 years as the world standard for real time digital power system simulation

7T\

0;

12MVAR

=

IVEEZ TUNE 21 * 60 HZ

RiXLattune =10




dbegde Adbgeqadnndq

TEChn0108leS celebrating over 20 years as the world standard for real time digital power system simulation



46
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Power & Energy Society®
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@ International
Users Group
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At oQdgdkose, de(de f anbiIboscbégndégde ( MMC) owudq Qe cRbyd/N N
aAeda 3AN3ba eANds3sdA

STATCOM( t dAdf 3qdy+r q dfopaecbopndd ybao(dondAdbed )
At aqad# oo deqanbiboschgnqégda ( MMC) o9 dbEsARDEAIQedyY o
d aAeda exANBad A

TCSC (Thyristor Controlled Series Compensation )

L bdeq} bgANdQegndq drerddbendd ybao(dondAdbed
Generator (Exciter, Governor, PSS)

zna, zndé¢a f dfrddaA ddAErer RAery d dQqdgy

SVC (Static Var Compensator)
tdAdyr 3ddyr q ybao(dondAdbed e(Aydrénb¥ abeonbddr
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