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A Real-Time Simulator for Power System Studies

S.T Cha and K.W Cho,
- Korea Electric Power Research Institute

Abstract - Asthe power systems evolve, they are
incorporating increasingly complex control and

~ protection functions. Due to this, utilities are
relying more and more on real-time simulators to
study complex system interaction problems. This
paper addresses some key questions regarding the
needs of such simulators and their characteristic
features/requirements. In countries like France
and Canada, large scale simulators are developed
and placed in practical use, and in others are now
under development. Following this background,
three typical simulators(ARENE. RTDS.HYPER-
SIM) will be examined focusing on the
purpose.technology and experiences in a real-time
simulator. Discussion will be extended to the
future issues and potentials of the power system
simulation.

1.4 B

Alglel gy QyYgeFo Fgoz AF ALLFL
rE3 Zrlsta o], FPAe <hFAQ AYFIE
B 53 Ao TA i 87 4 /183 U
asy, $2EA uiFe NIMBYdEAde=z 9% Ay
AA R FRMAZ AMH AF Fog F 2o AAYA
o el AYdE FEof st AL dFRE, o
P R AYe 2Ry AYFAPAA Y NAY ¢
F @ A$2o Agoz AY adxe] AYL4 Fol
8750 AEGAE FEE FUsln AL ¢S B34
A rAAQ HAHAFS &84 B o Lol AHn
Rew, olF WAL ALHA 4s5ld HRo= d3¢
t}. ol2 9% A% Aoz giAd] e A
YASANA TAse ANPgol g FE oy L
Ay &4 nx9 AEHY T Ng, AU
348 53 AF 423y $R%Y ujge] Y4Holgt
st ®3, &% AGAFREokME AL FHE
A Y, 225 G, 247 3T 4, ABE
B3¥7)719 €2EANY, A5d dehvde ZE Mol
A3se, 2&E AqA2de] $H5A, AT 717
(HVDC, FACTS, YA€ BIAA7], <At A4
Hl)el EREAN M, Az Y =2e =4He IF
S/Wel AEAZ Sol 8% EA7 B Aot oA
e Ze EAE sFsy)  dEd, dAAe,
TNA(Transient Network Analyzer)W H|AAIZF 74
284 A2ZEY|APSS/E, EMTP(Electromagnetic
Transients Program)%& ol &3 AFAZ At &
A€ dxstn ded, o 2L WHe T2, d&
A Agsido] ojgm Rojo FAe] Aegoz AF
o BPAstn AT AFdAMo] dAHoz Eisd)
o, §3 Fug Aol & B3AX AZAA AFANH
< 2rlssich. ot e FAE IEAAM J1=9
oz aRn xRN0 AILHE AYAE A4

Tool2A HHAE sl & A EH|H (Power System
Simulator)7t A =9 AY3A L AT Z=UH
o 453 ded, o wAr, £34, AYs), ¥
3t 2 AE BeAX o A8 7 Rd2 FA4E =
9] AgAZEczA AYAF ANAY, & 4F AojA,
AR B84, AVVAE A28, A9 AF
DA% 884, T vud ) AFFE e A5A
o Beokd a4 55 Fdd vdAz mele g8 A%
oA WA E VY adl29 AAL(real-time)2E
zoste Aoz, A&z x¥H, TFEH AZHML
7h5A @t olgld APHAEFE AlBHolHe AYAF
el B4 AFE s TUY AHAS Al #
2 2oyl e AS, a7t AL AFSA -7
W $AAE A4y T ARE AFYIIY A=A
B AAZd 942% e 4L d7daA = A,
S A psdA £ A AAN LY AHAFER
= yge a4dde AYAS dAde 29 -3y 5L
seste W4 FAov, AEZHLY, ofdm/d
olBgimd Yxgy Foz EHUT. B =FdME
DSP(Digital Signal Processor)t} 24d% HAHFH
(Parallel Computer) 5% AlM83d Fd=, AHE,
AAAQ, QolAd FoA /AT dALHe ddto FE
stmat gt

2. E

EEdME AA% AT A4 E AL A g0
Bel A4 A3 d=l, ANEHoH FH|doiopd
H/W 2 /W& F2g v Rso, AEolHe &84
A, 4y 54 2 7150 A LFAYE MEstn,
A Zgx Auct F AF9 Fo AHHASG 74
dA A e =t AHEFA AEHIE T o
A At

2.1. AEalolg 4 U Hal

olz)le]l (2Y2.1)2 AA AYAFT HHE UAE
AgdolEHe FAEE Ui, tAEy AE#HelH
= AYGAE WAste 234 HIAAPE ol §3d,
t}4=9] CPU(Central Processing Unit)oll <l&f <
50 usth9l time step of integrationel 93 ERAL
2 FAld AE A4S AAZ QAAEEA 2R A
Ad7]719ke] interfacing® AF @D, &, FAYH $A
Ao 2AEE ASEY A A (time delay)d o
& FANY AT ARET #e Al HA=E= $H
A e A7A AL A2 Ed3oz o, gty
A}A (Fte] S ANMA L time step)olA)e AFE A
BE vgoz $£AM gt ArH o] ERFeR
A" & gk, AN £33 Z2aPU EMTP
2dg J2oz wEAYs slesA, A AES A
Ao & A AF(subsystem)eZ FE3S AL
oz HAAZL HAE 7t o

- =1050-



2171 &2,
SEfF L M2,

2EAAH
HlOlE{t O] A AlAY
B0+, CB, Thyristor, Off-Line SIW g1 4 Al A"
GTO Valve, Arrestor, Dol Al

SVC, HVDC 07| % MMl
<Ci{X|& AlgalolEf>

AMPLIFIER

DSP, DEC Chip,
HEHPAUAY

a8 2.1 OXIg2d Algalolg st=gof ML
2.2. NEdolg st=dio]f
A EHClHE FAsE F=doe Hiag g ¢

£ 847 a7dd,
2

- AHREE AFEH Z2AME Z2ED 4
FY7besteoF @},

- HEXey AFHY 2= 149 AH NS 2Es
£ HVDC, FACTS ‘:«l Iz EA3 olge AHAS
°“741 45‘5"3 S ANz AFY £ glojo} B}

Feie g8 o 2.“‘ 7testm, oldf
“}3} ’é*V %"301 &35 2] Lolof g},
- B9 31’*%‘ A7 288 oAY TE opd=2a
ole] U9 %_ st MEr7) 2ds) Faw
£ AFstedo}r .
g BEMsleE S/WE pulsln MY
A% %% 7]%91 Neg 948 °l TP & Jde EWS
=AY Asd Fg A% dHoHE 4310}“ File
Serverg A|F8lodor gt )

2.3. AlEellolg A= Eg0]
Al BHclHE FAstE AZESOE H4W g
Ze airt 879,

- AEZEMNYE A% %A (upgradability),

]

w914

O

(modularity), ¥4 (flexibility), ©14] 4 (portability) 5 o]
Rojef Fo},
- AHgR A HEAT FHRLEERYH JEHAE F

4, ZEtvig 48, 474 e 2o, Roddm BM 58

7VsA oS graphical user interface(GUD) 7]1%&

A F stk g

- GUIE Windows ﬂ%’ﬁ’_i T8 ojof o},

- Jﬂlﬂ%— ——IL g BAslo, ‘%""éi 7‘1?45) F 9 ¥
3

b "‘73% -’F Lok }“1 %i 1% Tz WAL A
AT AL Yol APsde Barsl oo
- 74-1}%]% NE#HolH mI=g _gxﬂ]zﬂg_ olo] So) 31
A Eol g AlFdle, AEHNH F HEAA
e R ZAAMY AlvHE HAE £ dE V)
£ A Fstedof 3o}
- UTE AHAE R A 2HAL Z2ads A
EBHoHE 2VHANAFE T2 oo ABHH &
o] WA siojop g},
- EMTP 4384 435 #+:22% 713 $14429
FEAN 2288 AFstoo
- EMTP 4#39] A% Aol AFAN T2
S AFstojor o}
-89 V1S FYse AEYo)E &8 HN2"g A
Fatojot 3},

O HEALY 74 2 wA %

o Bag Az Hd A%

o dolg NS AA %

O Auwoly Fdel e ¥
8 7%

O AgUIY FH FAH ¥
4 7%

£ g X} Workstation

2.4. MEelolElg] 883X
ANgdolele AXxer FHag

g3 2o AHAE dBE AEE

EALY M7 F dE 7% 878
(25AM7Moi7171)| - AC/DC HeEAFY dvdd 3=
84, 54, "“}7} 54 59 &4

- AEdEs Az @ 2o
HVDC, I‘ACTS(SVC F), BWEAA
75 2L %ime} 45 A8 A

I
ot
.ot
i)
e
=1
t
fol
>l€
é
_?,
).
o
- Lo
wx
B
g
3,
I3
X,

"4 H5AE t}hﬂ
- & AN sdogtEe voAne] #S
-eHY FY E &R AdE An

2. . AlEaole{el UutH

Edolee durd E4x v

7”4.

- AEYolHEe AAA=TY &) 5

AFE 229 2 & dojeuelx #a], wnojdx

4, AR 2191 71% 5% AFde FFH 229

¥} ol T2 ‘Al?& ALE 73

Fe Z2AMES A8 AFH d

- AlE#olHY ﬂa?ﬂ% ‘H*ﬂ, g3

EMTPOIA Al&H e % &

Astajol 3}

- 3 = HdAYg AYAF z=dsolAd A

0~3kHzo AHAET 84S 34 AZd dste] A

o2 AEF 5 glojot &t :

- HVDC A o)7]. FACTS Aozl =& A7 e

AAe AFAE Axe AAL 5 ojok Fir},

- 2y BEE 2Egste AYAS FHLL2 AR 2d

A Fsteiol gt

:E_ZT: E_,]\;H/\]- }\]AEﬂoﬂ 01741%]_ z;aq ,\]/\al,] 514 p=3
2] shgstaiol @k,

- 24719 A Foe gdd B c}ﬂ A7) AE A
g B2 5 Y& dAReln, FLY volE AS )
5& Azstoicl o,

- AYHAE 74, d8r7e seelg, dddE 2l F
of ¥ FRE THte THH AHAZ dolemolx
=2 A]%‘M °lt o

ABHol AL A 2o RES ¥4dAZ
z9 E‘:% AZstn, I BF 5L 717l mdS
ALg-dhed of e}

- AEYeldHe Aladlel Hzx 7BA B ol &
| ZFAE A7) AR 715 g Fyetofol Fhol

- 7% & ddFHe=R ol s H/W 2 S/WE
ALg-shoof ot

- BRE g 2d2 994 (modularity). A9
(flexibility), ©1414 (portability)el oo} e,

ok

O di#e] T2 ANl vk AAL Hd™r7] 2d
of FEHER A7 R £§ S/Wel EH4E AlE
glolEl o] f2] H4E Aste] FEEojok §rt

O %, 4% R & Fo dad WsE &olstA
g & °‘Ei AEdolHE F94E& Hojof ot

O AFEES} VA /W 7149 438 Ande 873
3?"“"‘] AFE H/Wel #3} Aol x4337]7 malo] AA
A Gol 87xA FEE AAVN FE FES/We] o4

-1051 -



Ho| #E5ojo} B},

2.6. =2l Algolg x| A2y

AYAF Eopel AL dAE A BHolH NELE
ZAEH AEME RFE A3Vl R{AE Fdez,
A Tl dAHol e dRAA AIEHlE FoA
Zg2~ EDF® ARENE, syttt RTIAMS] RTDS, %
Atk TEQSIMALS] HYPERSIMel F Rajdidoln,
4 Algdolelel B4 L vlm 2% Hel (E 2.1]9]

o},
¥2.1 ARENE, RTDS & HYPERSIMY bju
ARENE RTDS HYPERSIM
EMTP EMTP EMTP
Algdola e RS LnE gndE
gy E c/ct” (Assembly (c/ct
Ael) & C o) de])
BE3AAZ | AM7 AR | AC AEAF
HedT Agd4 DC A% | dEA®ER
o} HVDC AC & DC FHE
A7 HVDC/SVC | HVDC/8VC
NEC DEC 21164
HP PA-8200; 77240DSP RISC
=z A (HP OR & AD
(BE#el) | Exemplar AD21064 | 2106X DSP
X-Class) | (Rack® ¥ | (Racke 9
Computing | Computing
Node) Node)

2.6.1 ARENE System

ARENE Al E#olHe A Bl S/W. A EdoA
AFH ¥ 1/0 Alx® § 33Eez FAHAD. A8
e Mg S/WE AAT 228 9§ A Ed el
A 273 =229 [RENE, 4A7 29 REEA
SPP OS8% HA7 2oayd 74 2 X =
MURENE® 47l 22859 FEEEYU GUISE 71¥
o238 AgA Hog HuUg zAgeK, ZHaA
A% F940] "Holvnd, HPALY) CONVEX SPP-X2200
(Scalable Parallel Processing), PA-8200 200MHz
244 500MFlops A&)2te ¥4 HAAFE(SPP
59 #HE Hel F£YCrossbar Architecture® T2
A M7e] “Communication Bottleneck™®l 242 #:37d
F FR)E AL, WaTRgE By AT gl B
Al dlelel & Afsied, AYAE e ANT 78
2 3& HEdAAE A stn Ut B, BAE
HAE ¥4 124 /0 A2"ES Zistd AE7
AA /08 SPP & EAE BAsid A@7)79
ANT 2ol AEE T AAE FEsa.

2.6.2 RTDS System

RTDS Al gelelex HE4AFHE A4 ARENEH
= 28 5% st=do(DSPE WA E Racke® F
A8 ANgHold HAFH)Y A Bl S/W(PSCAD)
2 /0 A" 2 3P0z ANYL RTDS /W
AL AHRW, 28 S/W Zzade PSCADE A
|3, AIgA7E B AYsled Z2AE 9 Aola
42 9d A€ & JE= AYdel A 2" (File
System Management), 95F $4cdM st AS
g A A4 2 BHE £ e AF 2d Hy =
ZaW(DRAFT). $3 42 ZA(T Line). £A A&
£4(Cables) 2 Alg#eol4 F RTDSEREH dste=

doleE 3Esd =Z=2d 7%A  F=(Uni/Multi
Plotting) 522 FAd=lol k. Algdold HFFeE:
Racke 2 FAdel Uz, &4 Rackd & 207¢ 7=
& AAY 4 den 18782l Tandem Processor
Card(NEC 77240 DSP 11MH:z Z2 AN
22MFlopsi#i &) =& Triple Processor Card(AD
SHARC 20164 DSP 40MHz[(40MIPS) Z = A4
160MFlops3}-8), 178¢]l Inter Rack Card(Z
RACKZ dHolel §4 g%, 6744 sdaviegse 1A
o] $71 MUX2 345+ Transmit Channel®} 67
9] Receive Channele] & 4o g dZAso] glon A
olF M4 g Aysiy Eadoz 2AAH =2H
22% R 3 gHo nd Aol HEESE A4, 1
B8l Workstation Interface Card(f3sdje]ld ¢
2t Ethernet WEHZA A Ysles 7l REE
68020 20MHz w2 L&, Ethernet AeisH o],
HEdxE)2 FAHY, 2oy AT Fxd et
RTDSE 3h} o]39 Racke® FA9r}t. Rackel #
#g =¥ Backplane2 & QZHo] 4AIZE dAbg
4% 54 =Z2e2& Ad93in vt £Y, RTDS
/O A2®"& TPC 2@ 3PC 2= vlgd 928 dA &
wAstn gJoid R A9 ririgk 101 B2 do|
H 2 AEE ngs)

2.6.3 HYPERSIM System

HYPERSIM A& ol Algdeld S/W, A&
o]ld #AFH 2 I/O MY F 3FELE FEHAUL
24 HYPERSIMSE S/We AGAERE dolelg @
2]8l= Network Database(NDB), AH&xl7F vlEg
A duy, W4dy, 83 Aolx Rl € ARRY F
£ AsA e GUI, Alggeld gidASe 2z
gatole] gi™ol BY Fo AEHAE FFdle
Power Network Digital Simulation, ¢|& &&&te
0S8 OPERSIME 4719l 8 R¥oz FAHdEct A
AAE dAe AAL FEE 98 HYPERSIMS #
4 AL E Ethernet Al284dA UNIX 9348
ol DEC Alpha 21164 300MHz 166MFlops
RISCA o2 FTAE v E, 2748 IEEE P1394 B
= 9 Analog Devices SHARC 2106X DSPE& 71¥
oz & ZEs Adez HELZ FAe2Z RTDS A
283 FAEHA 19" Rack AELZ PFAHAD. =8,
1/0 A% DEC Alpha E=e PCI w4l 37
o} BAAAE ol §tod dHoly ¥ AZE mp},

3.8 B

2 =8 s e A2dEL AFAT AL €2
ggel e & R2g SFAAT tse DSPREY
RISCH =& H4¥EAFH H/We, JEd HaAg
& A%, ABAF ABHolEE AATe2 £435
71 91 AAe s/wWz 450 38F ATEE Ay
o] 7Iutg AFgct.

(% 2 2 8)

{1} R. Kuffel, “Validating the Real Time Digital
Simulator for HVDC Dynamic Performance Studies’,
ICDS’97, Session XI, p245-250, May 1997

(2) J.C. Soumagne, “Development of The IREQ
Simulator’, ICDS'97, Session XI , p31-36, May 1997
{3)L. Levacher. "A Powerful Graphical User Interface
For A Real-Time Digital Transient Network
Analyzer”, ICD8'97. Session XI, p125-130, May 1997
{4) Y. Sekine, "Real-Time Simulation of Power
System Dynamics”, PSCC'93. Volume I. p3-12. Aug -
Sep 1993

~1052~



