Exd ok

i = VA7 2
ADPSS 5 PSCAD BB E SIEEBI B RS
RS H %

Research on Electromagnetic Transient Model

Automatic Conversion System between ADPSS and

PSCAD

2018 3 A



BErREASHES: TM74
EHiFEPHES: 621.3

ERARE: 10079
R NFF

B 2L RS

ADPSS 5 PSCAD B E ISR A Bafi MR %

RS HF %
WL MR E: AR
& . XUZEzn#IR
B ¥ L T¥EWL
& B BRIE
83 A BAORGREBEEHN
T £ F Bi: BA5®BTIEZER
Z W B H3: 20183 H

8 F 5 (T B 1T

b i KE



Classified Index: TM74
U.D.C:621.3

Thesis for the Master Degree

Research on Electromagnetic Transient Model
Automatic Conversion System between ADPSS and

PSCAD
Candidate: Hu Haiyang
Supervisor: Prof. Liu Chongru

Academic Degree Applied for:  Master of Engineering

Speciality: Power System and Its Automation

School: School of Electrical & Electronic
Engineering

Date of Defence: March, 2018

Degree-Conferring-Institution:  North China Electric Power University



HEZIM https://www. cnki. net



Elbm A REB AR

Hw OE
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AL —E, TN —RELES KRR RITHRIMEN . XM —IRELKT K
TEKEEERE, MENBLET S, BRESHBZLRELEL, TRBLNMENT: XXTF=
REG, AXKABEBHE T SBELRAT SN, 0785 E B LR i E
B BEUIREREBREZBITE THRSNMBLURBEOERERE . 35
BE M E R B ADPSS # 2| PSCAD/EMTDC B, A& CE F o ik OshA45 1, 7
R c Rt TitE, FRE—MIUBEERTNERNEHHLHE. BEL
IEEE14 73 U5 {51 X3 X i) 1 B2 % #eidt 47 RdE

Xt F S, A4 B RGGERY PSCAD/EMTDC 5 ADPSS # & |
ER, FEURSBI. ZER. BRARZF/IMHAR TH RG], ISBERNES
BRREMESHITTER. EEXNHERMEB#ITHEHAR, SSHEES HEIT
24k, BJEF KT PSCAD/EMTDC 5 ADPSS |8 #E! B % 54t .

BE, AXRE—FET PRONY BHIEBERATEE RN ik, @it
PRONY Zr#7, #HIMSZE. HE. BE=NFTENERITEHEEFENTEE
HITTEESIT. UL CIGRE M IEEE14 #rEEBIAB, SHEBRTBHELHAE
BT TR, 1EEREL -, RIETHREMNERFEN TR,
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Abstract

Owing to that PSCAD/EMTDC is one of the earliest batch of power system
analysis software, a large number of system models are established in
PSCAD/EMTDC. ADPSS, as a all-digital real-time simulation system with Chinese
independent intellectual property rights, has many advantages, such as high cost
performance and good expansibility. Hence more and more models need to be built in
ADPSS. Therefore, it is necessary to transform data files between these two softwares.
However, it is a big challenge for researchers to realize the interconnection between
ADPSS and PSCAD/EMTDC. To solve the difficulties of conversion between the two
software, this paper prensents an automatic conversion method of electromagnetic
transient model between PSCAD/EMTDC and ADPSS. The research was developed
from graph transformation and parameter transformation.

For graphics, this paper studies the conversion of two directions respectively. When
the graph of the model is transferred from PSCAD/EMTDC to ADPSS, because of the
inconsistency of topology organization between the primary system and the secondary
system in ADPSS, topological analysis is needed respectively for the primary system
and the secondary system. First, establish a node incidence matrix system; then search
the bus nodes; finally merge the redundant buses. For the secondary system, we
search the input node from the output node, which can avoid backtracking to speed up
the analysis. The depth-first search algorithm is implemented to analysis the phase of
the element endpoint and the reference voltage of buses. When the model is
transferred from ADPSS to PSCAD/EMTDC, we calculates the terminal coordinates
based on the dynamic characteristics of component ports, and proposes an automatic
wiring method that could avoid wrong connection. Finally, the IEEE14 is performed
as an example to verify graphics conversion on the two directions.

For the difference of parameters between PSCAD/EMTDC and ADPSS model, the
generator, transformer, converter and several typical components are comparative
studied to elaborate parameters transformation. Also, the automatic conversion
software between PSCAD/EMTDC and ADPSS is developed.

Finally, a reliability evaluation method of model transformation based on PRONY
transformation is proposed. Through PRONY analysis, the credibility of
transformation is quantitatively analyzed from frequency, damping and amplitude.
Taking CIGRE and IEEE14 standard examples for example, the reliability of
conversion is compared. The results show that the simulation results are basically the
same, which verifies the correctness of the proposed transformation method.
Keywords: electromagnetic transient; ADPSS; PSCAD/EMTDC; PRONY method;
mode! transformation
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1.1 RAE=MEN

ADPSS RAFHKEBEFMNFNMKRYE BN RELRFIMTEEE, 7
SCIMHBEALNGE. MEYHEEEE. KEXERESH ARG H-H
HEAR LR RS, AR

1) AISCBiNB-BHESEEHE, FRANBESHERERHLE, B
WML N R EA R FIA RS0 REFKPLE, X FACTS £4t5 HVDC
REZH B FLGRABBESHAED,

2) WA A EEMNE RS FIRABENZ T AEHINE, SREGEES
AT R, EXBAMES T B A #7508 S F 512

3)) HERGMAY BHUARGEHHBEG4ED, A5 AEEsLRGHE
EBE R BUEHITOSE, T4ME PSASP A/ B AR, Matlab/Simulink %
AR R AT

Bz EEBEBRNREHSHEY. K&K E . WEAELOSTNER
REBEHRESESTURER T EREZ AR,

PSCAD/EMTDC HiNEKXEREE/KEF (Manitoba Hydro) &, —3K
et K. HARERAFTEEARFAEMNELZGERERFY. HIHERZA
EMTDC, FEANBFRVIFRBUSTE, #ITEHMESHETHE, BixE
BILR. SEREER: MAFRETTENBEARGETHERE, FAPR
ERHRFETFA FORTRAN REBETEXTHRE, BERBRFHFBRE.
PSCAD/ETMDAC k¥ ERA TH AKX E B/ RS 6T & k81 M LA K 58
REBAEFHERIESHEEHEMEZC), REMEFA LNARAT ZHNEHES
HERFZ—.

E R, F%E ADPSS FHEESRMAN BERH, KNAFTRAWY K, A
MEN TRENEN H%18%, M PSCAD/EMIDC EA—RNACANBNES
BERAERME, KERECERBTHATEALNTE. Eik, AT3HTER
BELERMXTLERAR, RECEVEBMNEHRLE, BNFER ADPSS HIFE
BB )9 PSCAD/EMTDC T2, X{i AL R#TXI AT, SHE,
BT KL HIER R E PSCAD/EMTDC R RN, #HT ADPSS {HEEEHR
SR, BREBLEREEAR ADPSS @Y. M TAATREMTEERK
WISERREE, TR ADPSS FiE 27 PSCAD/EMTDC HHIZEEHEMN T E

1
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HRIEFEEKX, MERSH#ET. i, WREEHEFH BT SELNE
MRSEMEsHESRT S, Bk ADPSS TR 5 PSCAD/EMTDC T iRz
M EshHERAE, SR AREMBLATS SN TER, RIS RNHER
¥, BESTHTESITRIAE; F, LR a ADPSS /P ER MR, i
— 3 58% ADPSS 185, {2 ADPSS B/ 2K .

1.2 #RAEE R E A SMA IR

HRIEANBEIRESTRAEMELES, FEAREMERSE. BE—
WA LR RN TREER TEE KRG @AY, X E8 A FE N 5 F—
M IR TR, Eitt, ARG ZBEOSHEMERNFRTER
RRMBAFRR, XTXAFEOHRTEBENRE.

KEPS Real Time Digital Simulator(RTDS)2 5 [E 8/ A 877 & B — KT A
f#, FERMGNEFLINH PSS/E il XS ATIRE. BT H PSS/E ) ASCII
LS AL KEPS RTDS ({f B TURI S, FF AT IRIE (5 B = B X 71851
(10]

B2 2 4b, Manitoba HVDC Research Centre t248 7 BPA o] RTDS 1 PSS/E
5] RTDS Ry R B33 0 . %38 O ThAE AT E BPA Ml PSS/E 4% 3ROSR 5%
A% RTDS #& R F 304, LA RN,

CER[12] 5 3CHR[13]3R H T BPA ##1%3] PSCAD/EMTDC & W 5% .
HASTER[121E EXN LT BPA 5 PSCAD/EMTDC 51 %73 Fl B8 S oM H
BEREMBRSHHEMZASE M, 21 T BPA @ PSCAD/EMTDC i & $i5#
BI5i%, 1R1E BPA MAIMIEF5hIEE T PSCAD /EMTDC ##, BIHELERE
HIXS EE IO TR A S A TTATHE DY SCER(I3) R T A NG B BT A -30B8 ¢
BREMULABERTHRELCERERE, FRTHBE3ILH BPA 3
PSCAD/EMTDC TREHERBZHIERF, EXMTHSEERNEM L, Ea%
R 7 BPA T2 A R3] PSCAD/EMTDC T B IRIMRY S 3R, Hub/T 7 &)
IBED3,

CER[14]SE30 7 BPA 5 DIgSILENT SR M LR S8R #4k . CE#Y
HE( T BPA 0 DIgSILENT B A PRI BB SHEEY, LI T KB f
TR E LAY, FJF] Frame 0 Block BIXUE 45, 7F DIgSILENT g E T [H
SHIER RFERMER, LHRPYEHRAMEILE. FA DIgSILENT
TR Python BEERBESHIEHBREF TH HEILE . B TR CRMEIE
ULECSEIR K ER e ) RS E0E B 3h ik,

HRIXT ADPSS 5 PSCAD/EMTDC [a]#8 R 5 {R A AT Fsh@EE k.

2



AL B AR FM L FAL X

ZITIERMEER, T B BT PSCAD/EMTDC # o R Tk K& #5 ADPSS
FHRTHERIGEESHAN TR, FEREARMELYFEE S ERKS
BORATARL; 4t HERIRIRERE, FRHEBRERNEEES BMERDY,
XERENAR N R A EBETSHAE, (BEEREREBLINE ADPSS
TR 5 PSCAD /EMTDC T2 BRI B st T A.

1.3 BXHFETE

AVHEEANBTREPH AT ADPSS 5 PSCAD/EMTDC B EHSHER H 3
FHHARY, SARERNREENENERMTER, TMREERIEPHERS
SEHmBEMESR. RXAEMITEFTUTLA S E:

2 ENET ADPSS 5 PSCAD/EMTDC @A ik po B H E ik .
Xt M PSCAD/EMTDC ¥: %] ADPSS Bk, B—RERAENIGIMEN N
FIWNERER R, BT, G BE=AP R, —RESGHNEIMETHEERAE
2 HRmATNEERBE YA, KA RE BRI REEH AT
o, NEFHEAE BRI THm SR, FIREREN LI R REX & i s A
RLFATRENT; K, MRBNSTHHEKR, FARERCEREZEN S LB
ES%#T T . »F M PSCAD/EMTDC #3| ADPSS B M #, A0t
PSCAD Juftim QWIS AR AT T ik, HIRHEE T ZI SR 805 S AL PRIT
B FHMNESEEAAREBS R EE, RE—MT8 e REENE
ML k. B, UL IEEE14 FrEEHIX B4 18 0 B #at 1T 3hFNEAE,
R T iR IER ST

% 3 EH %N ADPSS 5 PSCAD/EMTDC /M B 3K 44 o B o Xt I 3% £
BT T BEMER; ZEEE LR B TR, XNSRERNESBES5HE
AT TER; BEAHT ADPSS 5 PSCAD/EMTDC i —krtit 5 Z ikt
B TR IR & .

FEAERH T —FET PRONY BMHFIRMEERITEER HE, FHXIATRE
] ADPSS 5 PSCAD/EMTDC Hzh#kik RERIFIEEHIT T IIE. B TRHERY
HEMUENERIEESNEAZERKF, Stk RA PRONY ZE#h Xt H #5158
SSRHEERITHRN, BRAZESHME. REMBEEE, BRIk
EEMEEHTHF, MEBEANKNERIMEREERIR. BE{EEER
5l rEERir. BE, RBBMREPREXEHRTEENHE, L CIGRE 1
IEEE14 ¥Rt B 5136 E T Frik 4 A9 ADPSS 5 PSCAD/EMTDC B35 R4 R
WEIEE, RIETHEHWERESSEME.

BSE, WAAEP) TERAI S#ITT 84,
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%-‘ PSCAD L5 ADPSS (5L, it s R gnl )t i &m,
SN AL A RS AT A AT ) I s AT PSCAD/EMTDC 117

%i COCEG Ay H A e Hr e 1B ADPSS VL i iy e
;J 4.; SIS 16 [ H XML S EOR T ok PSCAD/EMTDC 1
)‘»Ll H)L“J TJ U MI

2.1.1 =R RGN

0 ADPSS EE R, Jy B s H A D T, A ez ) 2t
RERFEEAEN, 17 PSCAD/EMTDC thid {7 REECNU R, fg A ocf T ) b sl
PR HTENS, Nk, 7 PSCAD/EMTDC £ 0] ADPSS #1 B 4fi 1l B i,
WA PSCAD/EMTDC R P AP 44 8 B, P2 shieg g A e ey
PN R, DU S SRR T
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SN S
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A e,
¥
X X,
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T PSCAD/EMTDC & ot 8] i i SR AMEREEME, A55%
Xt & JTfF VAR B IR i AR RREAT BT, BRI B T 5 & A AIEI R R
%; Hfg, BRHEWA, REELBMXRVIIPAMARBATL: VIHELSE,
WA o frin s, MR ZmARIEERGE L, RETAIRIKR, IERE
BENE, AL, WHHEZE; 2, AR aEER84%, X~
TRAEBREWIRSYERNEE LERNKE, BLAEEES, MEBIZMHE
M, EIFREL. B 2-1 Ax PSCAD/EMTDC {5 E# B WIRHINRRRE, LLT4
/NS 43 R & B AR RARR
2.1.1.1 HBHERE R R

WA T 5EEL, AB M HASEILTAEXR (node) . HAPHAXTR

(node) FBg 7 HAMRES B, FEAFUTHIMER:

) 5B SEHEMENTTH IDS (component_id) ;

2) 5E W SEBBENEEL ID S (wires_id) ;

HNTHRIVNRERBFHRIRER, U SMFHMEARRET, BHEIDF
F)RBAAR map F. EHSERKHESNBHIRES, HSERALREHEE
F map BF¥H, HFZ0H id SEHIEEL id 512X node 3FHH: FEHE map &
B RE B X AR, B node R, BHAIRESHFAT map ZHF. &
WH B — AN, G H TR R A node R id BIENIZ TR S E RS,

B 2-2 Joiim sk BIER L T &

SRT, 7E PSCAD/EMTDC St skE EZL RAERR R geilidin mix—
M. WA 2-2, AR AREFERLHMNR A, TR EREZRLRT
BE D . N TREMER, TR/ TERLPREOT S node §F. #iER: BH
FrAERL, MRAVSARUTERE L, BT EHFEERLREHRR
£

EH, BEPHTANZEE 5RMKENTHIERSEL d 5, STHE%
EZRZRAEEREAEHENTAGE. REER, BFCLMiTbE LA
TOF I HEE R R

2.1.1.2 #jbr 2k
ADPSS Ao S L MEZESORIT ERLEEEGLK L, BRE %W
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EA B ARERLTEMR

EREREE . BT U — DB SRR ERARKZ U LNEEL E, RERE& LD
TEkS 24X BEHE, BEGHA—KBLA.

ADPSS o g . Mool s KERIMNEZ E. REeN—
T R BEER ) — o im A, AR KOERIL e . ERRE
TR EEAX R . T HATATRET B BRI R, WA A] BLH
EELEEME, U, FTRHWA, HEHEENTE.

AXLbFAKSLIRES, RECHTEREZEXR, B node WHEKNERE
EREN STHA L (n_component) F5H HIEMHIERNIERL LI (n_wires) ,
A FE T ST 7 3

a) n_component >=2: node MK LLE KT

b) n_component =1, n_wires>=2: Bl node 4 & KT &% T 3,

c) n_component=1, n_wires=1: ZH SHIEN 2;

d) n_component =1, n_wires=0: ZTHKAET;

e) n_component=0, n_wires>=3: B node H&F KFi%T 3;

f) n_component = 0, n_wires = 2: BLEW S NMERLA TS, RiLEE

YEH;

g) n_component =0, n_wires=1: 1ZEFELIK 0BT,

PLEIXAKZE, BeAERATR B U MR LR RS SR RE ML FR B 1B, (Rt
REROTAHAMAREASGET AR EASGLMNE.

BAMITHEVIH. BORE NS, HANHEMEEXRTNSTANEE
B, E2WANEBEERT 2 NEZTAANTHRIPERES, Bazk, bEe
KR, MAEZTRAFETT .

AT BHLERF AR REN TR S BRIFGL TS, FH—PIHEs
2, BIZRimik. BIATE TFmA, 25 REEISELT A, WA Zm AL
IBERERAGNTER: EETART, M gEWa, MFELBR, EHRE
BEFELETT R, BIRYA, WRET - RERKMERRETL,: FHEIGE
TR, WAAZoh58EME; EERIN—THNARRIBLT S, Bk
W, REAWTHEERESHEE, WTHRTEERS SARIMEL, HEBHET
HIME R INBIR LT m .

Z, FFETHRSEESHESS L.

2.1.1.3 3L

ADPSS HHIZELMN: REedmtrm E BN KR M E L, THE
%} PSCAD/EMTDC R ZIH) AL FE HASGEARUEBEIR /2 ADPSS A B3R EL AN
FHik, FHREZRBEHITEH.
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g

APUE, ACRYALTE T N @0 % 79 bus2bus BY map RUL ¥R 2. A HBERAL
Tr IR RS 1A i?"f'#’J map FEav A, EIEOCE FERELRE . AT R 5 AR R
bus2bus HUH (T 5. AN L, W ERR LR Dk GO RIS
Hgit th SRR AT ;,j\fi Jo ATHEE(E. WD) PSCAD/EMTDC Hi =% -
JCAT . G AR R T R A S SRR TS 0 e A R B

2.1.2 ZRAEGIRIN R
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ARFEUE UG XA e S . PSCAD/EMTDC g
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Input Output

input |
B2-5 P EREERE
ZRR G FERER “ARATSERHHTAT, BT MY
AREERIN—THHBETE, HET “HME N AERRAT A" B8 REET
KABAERE. BHAAETHRNHMATS, ITEERE, #THE, HIK
3 “output” A,

2.1.3 @t T fFim AR

BT PSCAD/EMTDC #jcffsr AME, tBA ot S3emArctt. JEMAT
fF, Wk, EAEEBEASHBERSRMEERS, Mot e tiifaR
ARG, AT, AR . —H =M, Mon R R ar B 2w A
FRAER. T ADPSS FEANTHHFIRAMAER, Ak, FREMITBEK
it R PSCAD/EMTDC HdEAHN ST ik R AEAL . ASCR IR EMR AR
RES, WELTTHRRSERBH RS P IR TR S0 .

2131 RERERRIEE

IR E L 5 # & (Depth—First Search), TEiR it LAIEE L cHEN, &8
BIRARSERB. RAEEMENAREHE AT, BILER T EAvAE
AREER., REMREBEREETUE L A: E—8, M v ik, $ERCH
S 28, MHLER v BER v, B v AREETTEE, WL v A%
HEASSEHITETEE, XMNIEAREREHRER,

EMBHN, FEREBREZRTIBAFTEERN, EFEFEUTHENEREZNE
B, BTFHRTREMARTRFITER, RNEFZRERAEEERD. fl,
BRERAEEAE, MBERET vio T4 vi HEREBR—FFRET
THA (v, v) o FWA vyl EE, ERE v, EFHA v B RERENT
FriahiEBFE—%; BE v RGEH AT, MBI v B v, iy, H58
HEixiemowRd, REM v FEEER, B#EFRE vi—8, EEBETN v
HEMRERRE, FRPANE ve &EMNMN vi HRBR—FZRAEWIS R,
EREU IR, ERMGRS v HRKETEGE SN Ak, i, FHvw AR
Wit & A, WEHIRIE v BT S TS & v Pia R S, B E
i FRE R,

MBI F—ANEBL M ESGEEENE RN E, NGRS R RIS E
g, W ENRERK T HEFZSHTERE. BXF— /&R ERFE
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C WA oL T el 2 A3
SREEKARE, NaA SRR —RER REnREEPR—-MEETE, B
i, JBWHZEANEEDEA K M EEEE TR
NTEEE, WESR v R T IRRER R R HERELE 2-6.

B 2-6 REMEREREHR

AR LA R B 1 1A B, 2B BR ER A R R F5 %8
TS L BIRF BN FFS., —ANBMY T —, EANEHE
Fx, REEPE SFHEENURIER SRk ER kR,
2.1.3.2 fE ¥ Jo o AR AL AR

ADPSS HEHFEEG MNRANMHEIER, EafERKRINERTRE
B, ARABA R SRR EEAE, FULEER N ISR B 7 X i S ARG 3 AT [T AT
55 . 1 PSCAD/EMTDC EHIXXHFHACFMEAELR, BXT-THEAMAK AR
HIMAERFHRE. Rtz 4, PSCAD/EMTDC nESTBESREAX T8MES
=HRRICE, FIanERE. EEAMEBERE. E X o SFEAENT TEERIR
EIEAAL.

AL TERENT PSCAD/EMTDC Jofim | 8FR I EIBY, X4 Mo 25 i
Lo, FERENT T SR, TR S AL, BB, MAEFIRA I8
ARAL T v B AL FA B JEAR AL o i S AR AL R T R .

FriB#f s im m AL, SEhr LRI BN 5 1Z 00 s AR E K ARSI o (4 3% A BIAR AL

B2, WHERENNSHBENY TS, A= HAKET—IMHA, B
B[R BMEALCH AL, EBRSBRNY S& B R L. HRBEE EKERE
WA, HAMHS5EET AL —2.

WItIRERAERNES, HBHOR1EE oiim S35k e WA .
BT AR TR IR T, El, BARERRESEEMAL TGRS, &
HREES, mBAMTHE, RABFZESTASTHAEFE—E.

FAVERT L RIRE R A ERR—NRA B R G E B SRS FE, 7T LIEEN
RENERBI —FERENNERE, RERBRIFT—MN A, LULH ST
s, BEREETRERITE. #it— 4 FRHE find singlebus, HEFAHUH
AW SRR S TR —W A, BN SARE. EE&EP, SR
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Hedb e AR FM AR

Bl R, REZNAMIEEA R AR &, BUEM—X find_singlebus
BB, HRENZN ST R E . FRBRA T, B, HABET A
TEHZRRBT KT RATH YRR ERERE, BT U ER F—KEEL,
BRI — RN R LRI R, Fvi g R E RN RN AP .
FEA T B 4 1R AT ARIE S — A1 S BB R B X SE I T IR E L%
R AR i A WR A0 [B TR R B4R

2.1.4 R R R A ER T

BRI, ATCAMEAT BN R @I RN T AL, AT LM
RERER; HE, REBIBLNEMHBE.

%8 %) ADPSS FnfaiEEsstE, YR PSCAD/EMTDC # R B Dot
HEEBENR S, FXRAREERNEEN LB EEITRIT.
2.1.4.1 SR EAE B R IRTR

BITRAEERENEABER. DR EVST e EEE RN
®, AIMEEER, BITESE. SBTHEZMT AL L, B UEEBEAGEN
HRSR.

HEEPA LB EHE BENTHER=E, 2R KHEN. BER. TEHE.
S5RENENBENEEBREATERWTEEE, SREFRBENSLRIE
HEENBEBRNFEEE STES—. ZRKMMENBLMERBED N
BER—. XU EEE. FRABH. BEER. RESHBF, 725X
=R s, NE5HMAENGEETEERE.

Flan: KL 1 MEEBEERN 10KV, KBV 2 HBEBEN 35kV. 5KHE
PL1HENSRNEAEBREEITA 10kV, BAZBRFERERERD S 2
BAMENHMBE, KXREZEEBEN 10kV. XEEETHRERBEN,
BEMEZEER T, MELEFIBEOERSURBEN 1 SESEETER,
BUKBY 2 NESHITGREESRE, BEEBEREN 35kV, XCEEHT
R AN BT, REMARER T, BEEZFXRIAEER. KKEHE, E
BEERTHEREN. AEULBERAR SEITEL, &5 ULEREANESE
M. Bk, BITEERERERE.

BEMEERREKBTMEHRINENE, RMEMNSHIHNFERIESR,
T, RAESHARENSRNFELE, XT84, RmEs5HEMAENTT
GREEMNE. FTUN— BRI RESILN T ARNEEKITYE, BATT
HIREF—%KEBE.

HTMEBEIFIMERES FEE, SR U—NEERFE X8I T
BRTHNASERUSIINEESRH, NE— N FRELHFLENNE-—MEE
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v AR FE L Z AR

BEE, FTUAHMBEERIME T B oTtE, BOABEEN. FIIETEa A &
HEEE, BIS5HHENFBEETY B, ZEEFRETHFENTER, 7
ANFHREBITH B BRIH—F5HHEENTE C, MEERTFHBI WAL
. EBENSHEAMENRTHEBE B HImO, AEHE 7o BNME
FRZHEZEB &, UEEB E5mO HXWRIMAM T S o M AR R, #ER
e EAE L

UL R RSN Sn N, 35 ik, FimEERE A &
ik B BMEEE R, B2 S5HAERNSEEY st Co KEREEZE A BT
BRI REREED, BRIEED J, REHREE AEREE D thxd R 7 H 5
T E, BERTFHEMICH ERSEBT STt CHEMN%AF, USROF
HERSL HAE S, SERTHMGLaEERE.

2.2 ADPSS [5] PSCAD/EMTDC Bt #E %

XtF PSCAD/EMTDC 5 ADPSS f{5 H3Cf, HnIMEARENEELXRT
X 5, K5 EXT PSCAD/EMTDC i —K R G5 IR AR 47 51T HhIb a4,
5% PSCAD/EMTDC i E B ERE X R

2.2.1ADPSS 5 PSCAD/EMTDC $R#MELEAZ X

ADPSS FEABES im0 RfRd BEfE. §F—4(S4LHEEECH id
5, EW/ A O EENEL d SHEE, WESABEAROMHEE, F5TU
FEF N O 2 8] &3,

PSCAD/EMTDC F—RELKE-_RZGTHRATEFRI, HoHmD
Z B MREE S NG =M w0 BEAE. B RS AE U KB T B AE.
£ PSCAD 2R W, REWA U ORABFRARE, X g0 BEREE%E
F. B, ERLS5HLVUSRESEBR SO EMNEE, FHitoszEE
WERAREEMAEERTEEME, ESTLER LS.

Fit, FELIAE PSCAD/EMTDC HEI ADPSS TN, [
2 id 515 BT PSCAD/EMTDC #8iR 5 B4R (E B, iRIBALIME BB AR
HEEL .

222 ETimOsSHEm S R E R

2.2.2.1 WwWOShAEE
£ PSCAD/EMTDC &, S84 tHfmHESNEREESENT AT A
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AR ARFEM A AL X

HAELE) . 7E PSCAD/EMTDC (] master FE3CfFH, XA u M EREHIT T #
Mk, Ho, XA G DRI#ERREE M T

<port model="Transfer" name="OUT" x="72" y="0" dim="1" mode="Output"
type="Real" internal="false"><![CDATA[(INTR==0)& &(Conv==0)]]></port>

He, B8F8 MR OMHATLER, wOXBEFE. REEME CDATA
RIEX, BREREXP THHPERSHERR, WRREAWEIE, Wik
DA, BWimOEY. BTSHROERS KA, Bk PSCAD/EMTDC #
i AN R FIRF & KEAER B . TE ADPSS #1, 84N ol ius O30
FHBEREEARN. FEEREEBRALR O &80 R ER.

2222 % AR E T

M mALKR, HAENZMAEEBRIERROXMAFR. BT PSCAD 13
AN RBERZR, B ERRIN AR AR O —— X MER. KK
AL B MR kU AR B SEE N TN T & AN E 5 #a0 /5 /95 O Xt
RfERL . HX$im O R R 2661 T,

<component psctype="gain" adptype="GAIN">
<ports>
<port pscport="IN:Dim" adpportname="x" adpportid="1"/>
<port pscport="0OUT:Dim" adpportname="y" adpportid="2"/>
</ports>
</component>

XHGER U TFL. 5%, FT % ADPSS F—/NuidbEik 5 FHoit.
TR LT, WFERARE, 7€ PSCAD/EMTDC F3t M KT AR, KA
BEEXHMHEAETHR NS MTAm DX N B KR, LR RERE
J& 3% A LA A — B 5 &

£ PSCAD/EMTDC H, AT H{EM/EL, KEAREHN/ AR, A
PEEKHER BB EANERR SRE/DN A L. ERBRIEES, MR
¥ ADPSS e {4 AR B3 {E 44 PSCAD/EMTDC Jtif, £ 5 PSCAD/EMTDC
THRRASAENS L, BRBTENZAHITESL . FHFX T8 irdiT
TR EE, EHEA:

—xad ss“

X pcat = —1;— +1)x18 (2-1)
- A
1

Y pseat = J;"g“‘ +1)x18 (2-2)



LB ARFMEZM R

[%@} Yo
ok, U1 Dnpks 18 mmorss,
& 2-1 AFE77 b O AR R AR

FE RN WA (2, y,)
0 —_— (x,+Ax, y,+Ay)
1 BEFE—IR (x,~Ay, Y,+Ax)
2 HEFEK (xg—Ax, y,~Ay)
3 A=K (x,+Ay, y,~Ax)
4 ERGEBR IR (x,—Ax, y,+Ay)
5 ERBEB—IRTAH—IR (x,~Ay, y,~Bx)
6 ETFRE—IR (x,+Ax, y,~Ay)
7 TR IRAR IR (x,+Ay, Yy, +Ax)

&, Xy, Y, AT SAER, AX, Ay ST S R ARRT AR
223 BRERERNBENHEE A

BRI EENEABEAGIRME—1 A, ADPSS HE/MET SLEMEEN
JufFu O7E PSCAD /EMTDC it 44k 5 it siiliE, MM w D@ty
.

BOLERAR, ERELEHANE TN — MRS, KR A5 XU %R
BRTEERLNSOMR CBARLIdS, EERISoHEEERET id SH
Fi %, HBLRMERFR)  ERANERRSNEFERFER:

(a) MEER—KFAEA—EEL L,

(b)) FABRBER—KFHEEMNE.

BF PSCAD/EMTDC HiEELZ REEN/KFRHEESHMA LN L,
et FEA D . BRI SRERL, NTER 2 B imAEES,
A 2-7 B



HdL B HREM L Z WX

*
[ ]

2-7 VIS BIEREN =FER
PSCAD/EMTDC HHEZAHENERLATLAERKE XX, HE— B M
W OEEEEL L, WROMSEEEREHEE. ATEARARE ZIHE, BT
ERAREFREAWMERERBAN T MmO, BHFcHmOEE T EBEL,
FEBUERLED, EEALT ATt e Nk 3-8. BE, & 2
MAEREET N AHA, B3 WmAEEETN S WA,

»
®

2-8 MEUEHEREH TR
23t ERXERLRIZIE, AT LI @ REMX T B Lk, RN AT # R
HIRERUZET S| KRBT KREAR.

2.3 BHlaH
2.3.1PSCAD/EMTDC 4§ ADPSS 3P aE#I8E

AR A IEEEL4 ARES ST H BT R RIRINGE, ZHEARE 14 4=
. 4 & Park FRERZ B 11 & BLRE. 3 S=MASKELER. 23
DRI 1 B =HBERARES] B 3-9 58 3-10 ¥ #51/5 IEEE14
tRHEE B E BRI



1% 2-9 PSCAD/EMTDC 1 1EEE 14 #5E 8451 53 B8 31 4h

1% 2-10 ADPSS "4 IEEE 14 by 579110 % 31141

(EEE: i 5 (76 5440 51 12 04 /i B0 0 0 P f 9 ,
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[ 211 TEEE 1 Al by e 48]
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STUREIE NP Jw VIR RIR o

2.3.2ADPSS 3 PSCAD/EMTDC $RFMNEHRIGIE

(U5 ADPSS 4410 PSCAD/EMTDC [0 5T, 4x mz HIEEET4
bl v, 145 r{gq 005 14 G THIBEZL L4 < Park J R LKL L
35 HHMNE RIEAS . 23 MOt T A S HT 1:4;),51;'-*& 4 2-12.2-13.2-14
r A ADPSS l?-' IEEL14 i B 5140 4] H AT PSCAD/EMTDC Hi 14 15
SRS DU PSCAD/EMTDC 5SS TEEETS b 551a 4. [ ol i i
ENES ISR

il ™ porie e
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[ 2-13 B3] PSCAD/EMTDC ) IEEETS Al S7 40018 #8441 41
bEa v g0, W4 )3 S a5 B g LS R S B -8 3500 7 TS e
AP s ks .

2.4 Z'KE’J\QH

A BG4 T Mo ADPSS B3 PSCAD/EMTDC AR 5. DL
M PSCAD/EMTDC ¥4 5| ADPSSBUEH&?ﬁ\Bﬁkc %1 PSCAD/EMTDC % 3]
ADPSS RIS R, - R B R BRI 4 HMﬂ&ﬁm\%MB%\ﬁ#
(EESWNGIZL ¥ :ﬁi%%%%m%mrx TR AT S R T
%%ﬁ%@%%m&%%&%ﬁ%ﬁﬁﬁm:ﬁﬁ,ME%W&EE%%#%M
WAL FIRE B 4 B S o (R om AR (TR A S Mo LS
TE R R ERE M R AT S IR SR TR . XM
PSCAD/EMTDC 6% ADPSS NIRRT H4a . % PSCAD/EMTIC IT {45 1950 4

PPt T U R, FRIR IR TS AR E R AR B R e TR G A
Mgy & IR A . SR RS R B IR e AL ElE, L
IEEE TS b FAGT (7 4 77 e gV I AR 40 {31 48 8aE . b)) 303 e dm a1 i
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B HRFBLFNR X

£ 3 F BEMESRESHERMS

3.1 ADPSS 5 PSCAD/EMTDC &L TR R IIN X &

ADPSS i, BAHRG—RTHEFECHE: BEHE, RLC oHHk. &
R385, RMLkE. BIRE. RE B, FFRE. WK, BRL3E. S8R
P, O, M. FHEEER, BB TFHE 16l §—KEPEeS
HEAENSMHERER, TR REHBENRAVET K.

PSCAD/EMTDC B4R EFES, L FEE THIR N ZRERECZR
METE TTH. 5 4 KRAR PSCAD/EMTDC 3, FELER EASE.
TR R TFE, BEERE, RSB E, SEERBBITHE, B H8F
TOEFE; SEBRPERE, METHERE, BARETHFE, B as Mg s
MEE, BPEBEBELE, REGVIENE, BHIHXRTEYE. PSCAD/EMTDC
H, MUBEZBHTHE, BNMNEFEFIEELSHLH. BRikzst, HE2EMS
i XEIR L&, AN RIED AT LRI [ 89 Jo 415 « 7T LA, PSCAD/EMTDC
T EERT LS IE R ST 4, BT A RBTCARI A X e, BHT KRS HB Mg
MEEMF AR A .

ADPSS Tt K& A2 PSCAD/EMTDC 3k 3T R T 5% 0l 3@ id F
TTHAESMSEREREN. BT PSCAD /EMTDC PR T HERKE, R
FEMNBUB AER ik B —Fh R R E SR B ADPSS JTFERE], #
TLHEX Rk RRUK 3-1.

% 3-1 ADPSS 5 PSCAD /EMTDC Joixt M % &

ADPSS o5 ADPSS JoHE PSCAD/EMTDC Foft
= IEAREBERE source_3
Y v {5 L Y BAHIEZ R B ETE source_1
= 1E 5% R F 3L BB YR (Src_ccin_1)*3+breakout*3
B AR IE 5% &R B S BB RLIR Scr_ccin_1
=BT R breaker3+tbreakn*3+datalabel*3
. BAREF R breaker1+tbreakn+datalabel
TR KB b o
= FEEbE tpflt+tfaultn
LR ¢4 fault_sw+tfaultn+ground

IR K03 2% =AAP G R/ AR B xfmr_3p2w+ground

19



b I REB LML

ZHEZSA T A/ EERESR

xfmr_3p3w+ground

BERSELE/EET R xfmr_2w
BAH=SH LB R xfmr_3w
=M pi EFSHEHR newpi

=M RS L tLine+line_berg_options+line_manualYZ
S ACTER = P57 pi_double_cct
=HE/EMAERE resistor
RLC Sl ZHE/B AR R inductor
=M/BEEEAE capacitor
=B/ HB A B RLC filter
= +B/S A B RLC filter_band
=ZHHFEE RL coupled_3lines
= FB 5 Bk RLC fA Ty reactive_load+capacitive_load+resistive_load
T E T TR module
PARK H 2RI F R K B sync_machine+multimass
R R AR R AT B 20 R B ML sync_machine
iz R LL RN AL wound_rotor+multimass
X5 B B B sqc100+multimass
B 5 RN BB B L sqc100+multimass
b 9 peswitch
s Jy oL GTO/IGBT peswitch
ZHRE peswitch
PAY I SLiE: S Tk G6p2oo+xfmr_3p2w+ground

3.2 BEFTHAREXILE R SHEE iR

HF ADPSS 5 PSCAD/EMTDC #4238 ¥L, RATEEER, &
T RER PR THENERSENEE R R —RELK T Park F5 EHL.
SHEUGRA RS . S MESEA. LRSS, —RAG TR

EEFx.
3.2.1 Park [ElHH

(1) BRI
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e Sy RFB L F0 03

ADPSS 5 PSCAD/EMTDC H1[A 5 AL KA Park AR, AT RCR
F x_ad R 2HER S WF:

MABE DT AR
'//J (x, 0 0 x, x, 0 0] —lﬂ
v, 0 x, 0 0 0 x, x,|7%
Wy 0 0 x, 0 0 0 0| -
woi={% 0 0 x, x, 0 0|7 (3-1)
7798 X 0 0 x4 x, 0 0 i
v, 0 x, 0 0 0 x, x, i,
wo ! L 0 x, 0 0 0 x, x i,
BE
Vi
u, ] [R, 0 0 0 0 0 0]~i| |y | [-ov,]
u,l {0 R, 0 0 0 0 of~i,||.]| |ey,
w, | |0 0 R 0 0 0 Of—-i| |¥]| |0
u,(=f0 0 0 r. 0 0 Oi [+ |w,|+]0 (3-2)
0 0 0 0 0 r, 0 Oy . 0
0 00 0 0 0 7 Of; o1 1o
0 _0 0O 0 0 0 0 o)l i, v, ‘0 |
Yo

PSCAD/EMTDC  ch75 T 5 5 808\ FY 58— — 8 24 P B B4R T 200 % e A1
A, Kb SN MR R T Park At dq BN, WASMN,

” 3rf T s rano- » xfo’ > Xpeo xQo‘ 7xq » Xa 9xﬂ) %; E %*ﬂﬁﬁﬁéﬁﬁ)\éﬁ%:
ra,xp,xq,xd,xq',xd' xq”’xd” Tao ’Z,o,’Tdo"J:,o" #.

ADPSS f ¥ A RIEFE PSCAD/EMTDC &k BHIEER N, Eilt
FER BT PSCAD/EMTDC K HEHMBERMATERE S “KBEHNBELRX" ,

MFEE KIS HIITEEN N, [HERLEBENSH IR 3-2.
% 32 ASHISRLEES IR

ADPSS Z%[ PSCAD/EMTDC &% Bk R
EHEBERX,
y X =X /K
L, SRAY K e
BT RIER R E 8T BT H=T /2

B4h, ADPSS F[EZBHERKRE ERMSEMHE, Eit PSCAD/EMTDC #H
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A N UER R T

el N

“D-axis Saturation” B ELE Sy “Disabled™ ; PSCAD/EMTDC ') “Q filfILE 4841
Foi (No.of Q-axis Damper Windings) ™y “one™ Hl “two” JE5R S I HHL
AR AL
(2) 4"'1411%% Fih S I) G

PR ISR IDAES S B 4ﬁawwu/1m<v«nmm%“”
4uud/lh“;QHwLM“*meMiﬂ SAURI TR 7 SR AT, ol 2
A S AL B VIR TE s D IS ,M;hikzI{iHLJI‘?J‘liﬂc ‘VJGJ‘?iLZEWLQR-
T PRI AT HLY LT RE £ A S BDR

Turbine 1

< 3-1 AL B A T

ADPSS &5 PSCAD/EMTDC MBS ifrHUR AR TG AR, JLE0
K2-1. Frh BRI R L K ORI REG Tn s HUBEE AR, Te Al

PLAEEREH . 0 S A A AL A
VAN R B AR (R AL, JHE R KO SHRAT RS R 2 () g A AL A
Gutb ] (TR SRENRE DI E DU EPE S IAH . 7 S e p b 19 aY i1 2
%W VEEGEESNGSER PG E. DR HZEESE SM A maiz
PO ERCELEIRIERE. R EEARAERG A W GhnERARFE S E R S
MIOCE R AL B I BE 2SR M AERN NS T4 50
HHHM?“ Blncr B RE RS TR A e MR ESR 26, [EEE R
ST AP A R AR N T R LB R L REALRO AN EE R A% 0.

o ifEs s WP BRSO RN

it
Lt
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bl HRETL H M0

[T,«]%[w]ﬂD][w—l]ws +[K][]=A[T]

dé
{Z} = [0) - I]CUS

(3-3)

ek, AU]U]U]W][ ]Q—Mﬁ

MJ——Mﬂm§L%mW%ﬁﬁ§,P]——%@M%MW%%WE,
[7,)— s R 4 ) e B ) SRS Fa kAR, (6] — 5 FAH

Xijfﬂ*ﬁ?iﬁﬁj:*mzlﬁ]ﬂ’]ﬁ%fﬁ, [0l —AERAE, [D]—FHERZHH =Xt
ALERE, [K]l—# 2B =NA%REE.

-Dn+D12 _DIZ
'"Dlz D12+D22 + Dzs ‘Dz3
(D) —Dy, Dy +D55 + D;, (3-4)
D,,,+D,, |
Kn"'Ku -Kn
‘Klz KIZ + Kza —Kzs
XK1= Ky Ky+Ky (3-5)
Kn—Ln
B T RE R A R iR IZE -

(a) ADPSS FREFBURAERLBEIEE S, RFEF “BREWR N
6 REWR’EIA]; PSCAD/EMTDC R EBRABIM— i, FTERITHM.

(b) ADPSS F REEEM A RERMATER, BESRERN, T E ER:
B EHL (HP) . P EST (IP) « &S 1 (LP1) . 1&&&12(1}2) RHEHL (GEN) .
FhEENL (EXC) ; PSCAD H B L [l 26 MHEELR, B¥EEN THF—IMAEK
B, —AN AN (TEEREBE) .

H e e, & ADPSS AR FRER, WTE PSCAD/EMTDC A% 5
TR ESRITH: & ADPSS HANFER, N7E PSCAD/EMTIDC %L
RERTTG, BZOHELRNREN “BESBEI, RRNMBER 4", BILR
ERIFA “Yes”, HE{SHEEXNREIA,

(3) FIgEXTEE

BEEMT, PSCAD/EMTDC R BN ESZEMEE (Type of Setting for
initial Conditions) &% EA “None”. iXFEM T t=0 B ZIAt, KBHLRIER—
BEEEE8, AP BT REVGEERAIEEMMEA. ARIEMEFES T
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Al R g, P B G T B T R e M ER BLUA LA ST (ENT)
BESE I 20, CE e T T LT S B BB R B d

ADPSS o BELURE M NI RLAS LT TR v, ANDE T sl etk
ADPSS 13 5 15 PSCAD/EMTDC ) 2 2= # HiAF s iy 2 0. ik 2h
PSCAD/EMTDC W2 5 (o aX affe 20y vOl e I R 2% 5

3.22 ZHHAEBETEE

(1) B p ”‘JXJLL/)U//M KB
ADPSS he AT TR e S a R SR AR s Al A
SN iffij“k‘Jléii’f%’ii‘;":.’fﬁ R-L 4'1’13{ nBd ]%% Sl MU R s
Tl B & R. X
,_@_/\/\/W_JW\_I_/V\/V\,_[W\_@—.

B 33

[ 322 AR R SR TR

BT Tl i RsiRE 1. 2 Bﬁn R Ry Xy AR SR
A1 W HIRST. Ry X BRI EERESE 2 BRI, R, X, 7
BN R BB BR A FEh . AR E M, R K E, HE
G N A g P A B g 2 A (pu) U BRI LB TR B MOy E 2T

=N REIRFERW) . FERS U E . EEREERW) . FEGLRLE L
T A 24 i TR 13

PSCAD/EMTDC [k g5 #5815 A 22 AR HY AT UMEC BRI . I 22 dicfis
5 ADPSS 1A H B AE RV, T FE NI B E0 1 e B AU pw) A EHR RE(pu) .
R0RARF Lpw) L B A A 2L 1 RIS SRR IO RN 3R 3-3 AR 344
2 3-3 ADPSS BEAR I b 0TI B K 5

““/

ADPSS Z ¥y AR T

ADPSS £ %1 (pu) PSCAD/EMTDC Z#1(pu) AR K &
Sef 1. 2 BRI X ER RN X=X 4 X
0y . ) 1
hihteh =y R AR, SEAFEP, 1= e
A
fedl 1. 2 B9HPHRR, . RS FERTFLP, P =R +R,




fedb s HRFEM L FA R
& 3-4 ADPSS ZHFEAN MBS I SHERKER

ADPSS ZH N MESH

ADPSS Z#i(pu) PSCAD/EMTDC £ $i(pu) KR
IR HEIER U % EEFR B, X, =U%
T HIRFEPos AP, B,=PR,!S,
FEBRIRFEP, KBS AR FEP P,=P,IS,

(2) GeHEREF N EH®

ADPSS F AR H 4 i HFN: Y, YG, D1, D11, 43RKRER
EEP AT ER. ERERDESE. AREE 1 A8EEL. fEE 1
AR

PSCAD/EMTDC #ikiESe 1 84 . Sl 2 87\, ARKEIRE
ATER=ASHgEERR, RPEEFTATEFERS AL . EHitH
ADPSS 1] PSCAD/EMTDC ¥ #:bf, X3 — A SRE L INFE 3-5.

# 3-5 GRHEE AL

ADPSS PSCAD/EMTDC

Y B EHE

YG BRER, FRERERN 1
D1 Al ERE, FERWRET

D11 A ERE, RSB

(3) R ELRE
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