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Hardware in the Loop Test of Control &
Protection System for Hokkaido—
Honshu HVDC Link Pole 2
Refurbishment

T.FUTADA, T.SHIMOGATA, H.FURUKAWA,
K. TAKAHASHI (Electric Power Development
Co., Ltd.)

H.HORII (J-POWER Business Service
Corporation)

Hokkaido—Honshu HVDC Link is the first HVDC project in Japan having the DC transmission lines. The capacity of this
HVDC project is 600MW, and the length of the DC transmission lines is approximately 167km between Hokkaido and
Honshu. The operation of pole 1 started at 150MW, 125kV in the first stage in December 1979, 150MW was added in the
second stage in June 1980, and pole 2 was completed with 300MW, £=250kV in the final stage in March 1993. With the
completion of this HVDC project, the power transmission system was connected nationwide from Hokkaido to Kyushu,
and this HVDC has been contributed to stable the power system.

The control and protection (C&P) system of pole 2, which started operation in 1993, is planned to be replaced to ensure
the system reliability and the preparations are underway. This paper presents the summary of the HIL test of the pole 2
C&P system of Hokkaido—Honshu HVDC Link conducted by the simulator system before installing the pole 2 C&P
system to both converter stations.
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This paper describes the method to enhance Total Transfer Capability (TTC) to the maximum level by combining new
Special Protection Scheme (SPS) and STATCOM, and its verification technique for new SPS linked with Real-Time
Digital Simulator (RTDS). We have a project to improve TTC by a control combining STATCOM maintaining bus voltage

Development of new SPS with online |REFRIE-{FEAE(FEEH) autonomously and new SPS carrying out generator shedding and/or switching control of shunt capacitors and
FEH |PScc 2011 201148H1 DSA function and its verification REEX (IR REAR(EZ) reactors.[1] To correctly recognize the effect of its combination control, the system verification test using RTDS was
technique using RTDS BEHEZEHXEHIPESRZAH—ER) executed.

Through the verification test, we confirmed not only that the SPS algorithm itself was valid but also that the system
verification test became more flexible and accurate with the new communication mechanism implemented in the real—
time simulator RTDS.
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This paper aims to develop a single price auction model with AC transmission network for Electricity Market in Japan,
based on the principle of maximizing social surplus.

Suguru Fukutome (Member, IEEE) Specifically, we first formulate the auction market as a nonlinear optimization problem, which has almost the same form
£+ |PSCE 20044E10 A Bidding market based on single price Tsunehisa Wachi, Luonan Chen (SeniorMember, |as the conventional optimal power flow problem, and then propose an algorithm to derive both market clearing price and
= model with network constraints IEEE) Yoshinori Makino, and Gentarou trade volumes of participants even for the case of market—splitting. As indicated in the paper, the proposed approach

Koshimizu can be used not only for the price evaluation of auction or bidding

market but also for analysis of bidding strategy and congestion management. Several numerical examples are used to
demonstrate effectiveness of our method.

Monthon Leelajindakrairerk (King Mongkut's

Institute of Tech. Ladkrabang) Yoshibumi

Xllzifl:;csznIKng(a'll'oLIJ«r:inJ;Siczzsity) This paper presents a new algorithm “Unconditional Search Space and Variable Mutation Rate Type Genetic Algorithm:

. . s . USVM-GA” for optimization control problems. Through the USVM-GA, the initial search space is decided automatically
. . " Development of Unconditional Search Slhlgeru.leot.a (TOk.al Ur.1|ver.3|ty) and when necessity arises in the mutation, the search space is recruited. And, the mutation rate is changed from the
- 39th International Universities Power P ) - Hidenori Aoki (Tokai University) . Y ' 3P . i . g .
=S| 200449H1 Space andVariable Mutation Rate Type high value to the low value to get the good degree of fitness in the small calculation number of times. The USVM-GA is

possible to obtain the higher—fitness answer easily than the conventional MGA of all the search spaces.
It is applied to the optimum design of the proposed fuzzy control type power system stabilizer (PSS) in power system,
which contains low—frequency oscillations, and the efficiency through the MSLS—GA is superior to conventional one.

25 /52 R—




XL J-POWERE O XH—E R

BAVAT LI BREX

U 8 e :
5B Sy it Bz BISE-REE-HAE BEF-ERRF—T—F
g'J‘yg:l‘%E:.—v_’»f‘/;;g;!‘yP) &liﬁg EE;;%’?—’]EﬁUZ\El:FECTITU‘/—XE*'JFHEIﬁEt'?'é?Hﬁ'C‘%")\
= g (R N ElLEREIVEUMNIERTHETENDEES
‘ “ okt e OB R | n BRARRAR (Power Grid) DB LEI IS LI BN A SN FI TR BT Eh D EHENE M D FRR T TR TH
Bh |ESFREN TRLF—HMAKXS 20044887 Lmmmaman R it A e S sy pz)  [BEYEA—T TG UIR) S, TUIREA S S— FYNCRCHTBEFRIEL TERSATOSA, Tk, B
e = B £ (BRI AR —Cz) | NPBTEERNGRAECZTONAH AR LN O EERLRBISEE TG,
! = EEZLTTVYRICETARBLZ TV BREGHEEZVELT IEVTAILOEEAVW-ENORKOEEEBET~E
RAERAHT-DT, FonfFHERIZOVTHRET 5.
Hoo (H-infinity) dP+dW PSS design procedure is proposed to satisfy specified PSS performance objectives, Generator
Damping Torque and Synchronous Torque. Based on Mixed—Sensitivity Approach of Hoo Control Theory, weighting
Lin Su. Hirotaka Kosaka (Electric Power functions are formulated for Torque Curve design. The dP—input PSS is to improve local-area oscillations damping, and
Hinfinitv Desiened dP+dW PSS to Develc; ment Co., Ltd) Kazuo Kato (Electri the dW-input PSS is to improve inter—area oscillations damping. Hoo dP+dW PSS is designed base on Japanese Power
& |ICEE 2004 200447 A ; v esig : P . L0 \EISCHIC I System Models (West 10-machine). The anticipative
mprove Power System Damping Power Development Co., Ltd) Hiroshi Saitou . . . . . ) .

(Electric Power Development Co., Ltd) torque curves with Hoo dP+dW. PSS could be achieved effgctlyely. The n.umerlcal simulations are carried gut. The
results show that generator with robust PSS can damp oscillations effectively even the structure change in power
system. System robust
stability of Hoo dP+dW PSS is improved compared to conventional PSS.

Monthon Leelajindakrairerk

(King Mongkut's Institute of Tech. Ladkrabang)

Yoshibumi Mizutani (Tokai University) . . " . . " .

Hidenori Aoki (Keio University) This paper presents a new algorithm . sgarch—less Space. Type. Genetic Alg9r|thm. SLS- GA™ for o.pt|m|.zat|o.n control

DEVELOPMENT OF Kenji Mizutani (Keio University) problems. Through the SLS—GA, the initial search space is decided automatically and when necessity arises in the
EH 39th International Universities Power 20044F SEARCH-LESS SPACE TYPE Takatsugu Okabe (Electric Power Development mutation, the search space is recruited. The SLS-GA is possible to obtain the higher—fitness answer easily than the
= Engineeing Confererence GENETIC ALGORITHM Co Ltd)g P conventional GA of all the search spaces.

Sh;ichi Hatano (JP Business Service It is applied to the optimum design of the proposed fuzzy control type power system stabilizer (PSS) in power system,

Corporation) Masanori Hagihira (JP Business which contains low—frequency oscillations, and the efficiency through the SLS—GA is superior to conventional one.

Service
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L.Chen(Osaka Sangyo University Japan)
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Development of an instantaneous and Hiroto Inabe, Tomoyuki Futada(Electric Power |[This paper describes the outline and verification results of an instantaneous and phasor analysis combined type real—
E5 |IPST 2003 20034E9 B h P vsi bined t - Development Co., Ltd.) Haruyuki Horii, Kenichi [time digital power system simulator. This simulator enables real-time calculation for large—scale power systems,using
= P asodr. a.\nal ysts combine Ypelrea Inomae(Kaihatsu Computing Service Center, instantaneous analysis for detailed part of the system and phasor analysis for the rest to reduce calculation load. This
time digital power system simulator Ltd.) may also reduce instantaneous analysis modeling errors because network reduction is no longer necessary.
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. . . This paper provides a detailed description of each nodal price, by breaking down each nodal price into a variety of parts
Components of Nodal Price for Electric &jajgé;l)mal(Electrlc Power Development Co., corresponding to the concerned factors, such as generations, transmission congestion, voltage limitations and other
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power grid and congestion management, but also to design a reasonable pricing structure of power systems, or to
provide economic signals for generation or transmission investment. A case study for IEEJ EAST 10-Machines System
Model is used to demonstrate this approach.
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Reliability Evaluation of Large—scale
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Programming
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Hitoshi Azuma, Tomoko Saishoji, Suguru
Fukutome(The Kaihatsu Computing Service
Center Ltd.), Luonan Chen(Osaka Sangyo
University)

This paper aims to present a methodology to evaluate reliability of power supply planning with uncertainties in a more
exact way by using Monte Carlo simulation and nonlinear programming based on AC model. We first formulate the
operation of a power system as a nonlinear optimization problem, while taking outages of generators or transmission
lines as uncertain factors. Then the Monte Carlo as well as active set strategy is adopted to this nonlinear problem by
taking advantage of the properties of power system operation.
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Comparison Between The BBDF
Method and The W— Matrix Method For
Solving Sparse Network Equations on
Shared Memory Type of Computers

Hiroto Inabe, Kazuo Kato, Toshio lizuka(EPDC),
Masanori Hagihira, Toshiyuki Nakazawa,

Haruyuki Hori(#k X SR E L 2—)

Performance of parallel computers has been improved remarkably year by year due to acceleration of CPU. However,
compared to the improvement of CPU performance, the acceleration of communication between CPUs has not been
improved sufficiently. On the other hand, a shared memory type of parallel computer whose CPUs are able to access
common memories, has attracted much attention recently. Such computers require no communications, since they can
treat communications between the CPUs as memory access. However, a shared memory type of parallel computer
requires overhead processing such as coherency of cache or lock memory access, while a distribution memory type of
parallel computer doesn't require them.

In power system analysis, it is often required to solve network equations having an admittance matrix as a coefficient.
Solving network equations efficiently is one of the most important issues for power system analysis, since its
performance greatly affects overall computation time. Therefore, to achieve faster computation, parallel computer is
often used. There are two popular parallel solution methods for solving network equation, which have attracted much
attention recently. One is the BBDF method and the another is the W—Matrix method. In the BBDF method, an
admittance matrix is transformed into the BBDF matrix by using a node ordering algorithm. In general, an admittance
matrix has strong sparsity, that enables to build the BBDF matrix. This method calculates diagonal block matrix in
parallel and requires only one synchronized processing. Therefore, it can treat relatively a large granularity. However, the
number of fill-in elements becomes significantly and it may lead to increase of total total operations.

On the other hand, the W—Matrix method is a method that divides a inverse matrix into

products of several matrices and then obtains its solution by multiplying those matrixes one by one. This method treats
a small grain size, since it requires overall synchronized processing whenever the matrix to be calculated moves to
another one. Taking those facts into account, we examined which algorithm is more efficient when parallel calculations
of network equations are carried out on a shared memory type of parallel computer by considering theoretical
computational loads. Simulation results obtained by using several test power systems are discussed.

= > T
B R

5B

20004E5H

AFCHIHIZ DEMBREHTETIL
DL LBTBOAFCER B DRI ET

BLMEEBFIERD) . KEZRHASHHE
RItELLS)

BRI KRELERFORBERICAFCHEN RO BREBR S, DD RIFELERIFEERD ., ThEEMELS
BMAREHETILEREL. RZCOETILERANT
BTBEREF{THOTWAILEMIE D /N R Lt EER D T KRN Bz ->-15 8% EEL. BIBTAFCEZR
LG E D E S ChIRMRMD AR T L ENUENREAFCERBEFHM I I aL— a3 THLMIZLS:
DT, FTOHRICODWTHRET D, BH. BN IaL—arvERIIT 50T HBTBOAFCERBDERRICE DL
-#HmETteHh 7o,

35 /52 R—



XL J-POWERE O XH—E R

BAVAT LI BREX

INEE &, 1B, bl S E TN s, . > Rk
JJE]’ Eﬁ;ﬁi Eﬁiﬁﬁﬁ 14:% *Rﬁ% %%% uﬁ/ﬁii% %%it(i’rﬁ%#— 77—k
REQOBEATIEO BB FICEEROBEBROEBEICLY . BBELEELGEDHEITDOVTIEERILEAIELKRD
LNTLDS, COESHEERIZEY . /—F LT 54 X (nodal price) DETEPLEBRFEAHMEDHELDLELES>TLVD,
J—FNTSARADBENEREITEHHBICENTRFES Y L (economic signal) EL TEHRMS AL ITTHLEBEEE
WEEROMADHEMBIRAERT CENTED, /—FNTSAROBEELMIZH O TIE, ChETHZLDO
MERINTE:, FEAEDFEEISTIUDA1RZREI YR ITIARELT, ERERALHNEHOEMMmEEET
LTS, TSP EHETEAHR (FIZIE. BEEF . EEREM) OOV TS4RELTZOFHIFDOE(E
MEEZHETIICENBEECTHIN. K/ —FINTIAROEMEREEZIFE CEROEWSHB AN H S, Al
5. WEDFETIE. EOEBRFEIZEDFAN/ —FIWTSARIZHEESZTWSH., ZLTEERANEDEE/—
EHRMGIET2/—FILTSAZD W8 &R (KIREEKXRD) . it 2R (BRAR (FILTSARICEMLTVSODNETLHEATELGLD, ERHED DRI OV TIEHR A LRS- TRETSNW TERA.
Bh |BEXRFERMNEEB 20004E5H Eﬁﬁ%%oaé“l'f )| 85K FHE ok BA NEDFEE, Ea—RTAYIEITFII—EEALIZF=DIZHFEDHE— AR
- 7 (KX HBEARHEEVS—) CBWREIZRFEERICEADLS LM ER OIS HES B THL. KRB NHROE
DD —RMICTEGLVEEICHL T, ARX TR/ —FILTSARIIEBRMICHDHE—ICRFERICEHIE2TOM
NERICHETEDILETT . ARXTHENRRORERE/—FINTSAAOEREREL. &/ —FILTFAR
DHMEREREROFEZFRET S, 2FY ., /—HFILTSAREZERER. AIZ X EREHOERE. XTRE
. ZREEHFNLGEICHBLEEMIZETMEITS. /—FIVTFARICEFTHIDISHEMEBERIL. 2EBERAS LV
BHEBOMBIIZEZ DT THE BBV FIVELTERFIIEERFEORETMIEFIATES, RHXIE
RDESIZHEREIND, TTRE Tl RBEFRETE (OPF) ER—RELIZETIVIZEY /—FILTSA RO —fRHLE
HEESAT 5, TUTEEI T, /—F T SARDEBBERERET DFEZREL. HIZFEVEASIREFE
D EFIEZETRT . FAETTIKIEEE-30BHE RME AV THIEE EZE1TS, F5HITFLHTH S,
+ = S e EpE A
g |EREREARE- BHRMEH S FAH 2000 PIDEHERNH LT 7SI | 5 ABTSE, BASE FARAR
5 S 2ENRGEDR LS4 , orjt on Leelajindakrairer
7 (KMITL), RF¥—EB (RS E L 4—)
Luonan Chen(Osaka Sangyo University), We present a method to provide a detailed description of each nodal price, by breaking down each nodal price into a
Components of Nodal Price for Electric Hideki Suzuki, Tsunehisa Wachi(Kaihatsu variety of parts corresponding to the concerned factors, such as generations, transmission congestion, voltage
Eh |BRESR 2EXE 20004E38 P P Svst Computing Service Center, Ltd.), Yukihiro limitations and other constraints. This detail information for nodal prices can be used not only to improve the efficient
ower systems Shimura(Electric Power Development Co., usage of power grid and congestion management, but also to provide economic signals for generation or transmission
Ltd.) investment. Several numerical examples demonstrate this approach.
ZIEAEUEEEFRBRALTRICLIE [EL M(BEBHIEKRS) -KBE(EHEREH) -
Bh |BEXFEERLEXRE 200043 H NBEREOETILT FEOBREC (BASE
21T (AFEHEE2).
BATHEBBREICEIFFREICEVLTIE, REOEEMEEZHIF T 5 (ETAIREMLTRESE D) O D RFKHE - E
BELL S S E LU R RA Hil Bt 2H Rz @A EEEEND . |z BEEOAEHISEHMICFMEISIENEELRETHY . ETATEEMEORIEICHELLLI R EREIR
Bh |BEXRFRLEXE 200043 H E:XF&L’C%ELT—OPF#EG)*&% N FH. i BEAMASHARTELY [({LOBAHISEBITTEIHME ADVBELLS, ZCTABTIE. FEEL FIABLURHIHERZEMaRAMLTEE
A - 1) L=&:@ B 5T & (OPF; Optimal PowerFlow) FEFIRET 5, SoI2 REFEEHELT AN REANBERLERNAG
EMEETERR T B,
BIEHEICHBTDEHRFBEBRTTOSSLELTEMTP (Electro Magnetic Transient
ATPDrawZF|AL=EDa—)LDaY Program) WIALEHON TS H, S ZER T DEOICIEN—FRAA—S DT =277/ L EERLELTIEELT . T—
71—3_*’*"”3 ﬂ:'# Esz kE %*ﬁ(ﬁ_t'b*i?ﬁ%é‘l'%:t" 90)1’Eﬁkliiﬂé’é‘ktﬁ§ﬁh\%\§téhéo %0)7“:&5, *D'E\%‘l:é:év'-—éldﬂ’ﬁﬁklijtﬁE%’EU%@‘C&’;%’QO i&ﬂi EMTP®D
Bh |BERFREEXE 20004E3 A —ATP (Alternative Transient Program) ,j_) R AR AL IR 7 A THATP—EMTPTIEME D=0 DY—ILAKELTETEY . COEBET—2DIER 285127 5G6Ul
—EMTPIZ & 284 (Graphic User Interface)*Y—JL &L TATPDrawhSBFE S TLVS,
— A TIEATPDrawZ FIFAL T, EMTPDEY 2—)LFAVKR—RUMEL AERLI=T—2 771 ILICE TR ERBE DR
SEEERLT-,

36 /52 R—




XL J-POWERE O XH—E R

BAVAT LI BREX

DRBETIV

5—), HILE— (RREIKF)

55 Sy it P BRE REE HEE BEEIRRE—T—F
%
ERFLLERS 20004E3 8 b =
2013 BEMAHRSHHELABRMHELLENHET MBI LT, BEEHBILLERILETL, 5
. K HIE . 5 (EEm st |7 T T EAL CRRREL A BRIREREILT 5 FAOMREEDTET\S, KM EF AT, ZERIHE
) ZEIEL DAIE TR RRERERR S maipy oo, TN ORERL B RADEEELEFEIELS, IS SUORFFEH15
BH |ES2ecEAS 200043 5 EHRMEEERE —LOBR  |Suiy B mI e BT, e [REMEETROFHEREL AT SR TN REBNRERRL HDDRDS, Bl 2HHI
oS JREE U uEE AL, SRR ENEORBEEELET S, UL, BMOBRE I 571-6|-EEMFEH B0
ERRE BRI A THY . AFEEEO RN AT LB TING, AT, CORML Ry IREE B LT FHLOE
BB D E-RESRH EEROBRERES 5,
o et o ey | WO E KA TR B ABE (B .
Bh |BERFREEXE 20004E3H E%I?fixﬁgﬁgﬁﬁﬁﬁﬁ{KWT Monthon Leelajindakrairerk (KMITL) , K Fi¥—
& B (RS ET B> 5 —)
= s L |EE D, #mE) BERs), MR E5E)
Bh |ERrssExs 200038 |FoA BRI D BB DEATEAR 2) BREH O WRA I
B EARROBFERI ST ARG SRS MB RN SIEEN B S, T RvbT—oRE DHEEEND
BB b R G gy [FAEERBIAS. BANAREEX [T TOIL—VARLCHATIEL SHAMH R ; SEREBN RREOLIE IR ARNLS, LALE
BH |EEzenws 2000425 5 SRITORSMBLRNED o) KTk —8 BRASHBIRTELY |00 BELINENLRT ATEETL—V DRBBENE 21— KU - S PB4 2 0 F 580

TEXL, T T AREMX Tl Stackelberg BEEE F & UNasht #ifEZ ALV T FE 0B ERIZATIEMOE TS
[ZHRERL & TL— VO ESHELMBEN DS EBMLREEREZRETTD

37 /52 R—




XL J-POWERE O XH—E R

BAVAT LI BREX

&, BH.
EIESE

B, 1B,
HEER

%

BRE-RRE BEE

BEFEFRRF—T—F

SEH-IRILXF—HMRE E
WX EEB

=
X\

199948 H
19994128

KIFRB A RIS T 5578 o 3
REEFE

Hil f#th, Z2H Rz AR ECRREN). &
K F (XS HARHEL S

BATISORFEN - BHIEDETICKY, ENEEZRNYEATCREIL. IPPRENTEELE DRI LB ERENERE
TEHRBBREALEBRITLODH D, COLILBBICEBLTE. ENRROHE-ERZEEMN OEREICEEET S
CENEYDITEELREBETHY . EHARMEIYDEMICHEF - BT 2R OLEEATEL TS,

R E EROHEMTRAFTIREICEVLTIE., EBEORFKICBHEBL-EHRT (KBERFK) ETILEAN
HFREANEETHY . AR RFF T THCEERBROEBEVTRRFELRAFICEFTTILEEAT T TNS, T &
BRHELOMBEOREZIY S TRRERTTIEMT, ERRMES T ARMEEZMEA IZAEHR LIz LT, REMIC
2R THRAEREELMBELLE->TILVS,

RIFHE BRI T BRI ELTIE, HE#H 7R E (OPF; Optimal Power Flow) DSAMNEAZFINTEY ., JHHEH
BETEIDIRETOIPP- B A E DT - AL E LSS READBRANRETINA TS (1)  BREICHEC = 2156
OB MBESHEEEL-MBREICHL T, BRIEHETEE. BRZRETEE. Newtonik, PQO L. RAERE(C
HEIOCEHOPFREMNBFEIN TS, LALENS, KIRERBKICS ITEHRET

& ESRE=LHFHOMMNERT BILICMAT BBRAVE—S VAN UL L EL S TR RHERERICHE T 51
O BEHELOELBLEGY, INEEARESCERLTLERENEL TS, T, CNETOHOOPFEED LI,
HEBRRMETRRFEEZERIZERITL. 2R THHAEZR A4 E5 255D TIEEL,
BHEOIT)T7HOBRINDRMDOPFIZHLT. ETUTEDOPFELERIZH->THIAT 5. HEIOPFFiE(12)
(13) AREEIN TS, XEU12) X, ST S MR RREIC R LN B EZEALE-FETHY . EHOBBTH S %
NN TV BADEITFETHIN. RMBELSIUVIU7HOEXRIZHESINESE OB DO ERE O XA
BBELO TR EEZOND, T XAk (13) [E. BFEDOPFIZRLTSY SV P ENFEEERALELOTHY.
EMEADKREICITBELTLSA, EE-EBWNEHNORAE~DERTIRH#ETHD.
COEILBEEFRFEARBXTIL., RFEZERRMETHRRKICDEIL. FRFNDRMOOPF IZEDNTERD
OPFEITHSREAMNE N EIOPFRAFIRET 5, EEZIIEIC. IR EOHARICE VT, ENRMOBERTEHIC
EBL. ERRHLETRARMEINSEBRSNIXRERKOFTIRELBERGIET 20 BB BRI EFT AERFEL
TW5(14) . RET BN EIOPFFEIE. CON BB MR EFEDTATATEOPFAIRELI-EDTHY . EHRHL
TRRMRNSELIXFERMICHL CERATEEAFLOVIEAEEZ DD TH D, REFEE. RRHE(KBRER
#) ICEEOPFEERE T2, LA DERH FIRE (535 ) ISt L COPFE#EVIRLEALEAS ., REMICEMBED
BERDDZBEIGELTILT) XL TH D DEIOPFEETIL., OPFEEEA T ARMBBE/INSKTEIENTEZD
TN EMERELEEESRERLIENTES, £, NEISN AR R HINIIZ D RN EICOPFEERT
BIEETREIZTHDT, ERFEOHE OCREASEDOHENTILE - BITHNHEFTES,

RN T, F2EICBVWTIREFADERAEFHEPEREOBE(ICOVLTIRRS, X

2. BIEIZB VTR BUFRIZE KD EOPFFRZED ERNLE T ILT) X LESHRAT S, REICEIEICEVTESE
FEENBIBEOKRERFE~NERL. BME-EAMITOVWTRIIT 5,

BERFEBNEMHARR

19994108

Steady—State Stability of Digital
Controls in Power Systems

Luonan Chen(Osaka Sangyo Univ.)

Hideya Tanaka((f XS AR E L 2—)
Kazuo Katou, Yoshiyuki Nakamura(EPDC)

The digital control systems of power grids are typical hybrid dynamical models or sampled data models which include not
only differential—difference equations but also algebraic equalities. Therefore, they can be formulated as differential—
difference—algebraic equation systems, which are generally nonlinear. This paper aims at analyzing the digital controls of
power systems in a nonlinear manner. We first define a power system with digital controllers as a hybrid dynamical
system, and then give a general analyzing methodology for the steady—state stability of digital controls in power systems
with a special emphasis on the digital PSS. Numerical simulations for small power systems have verified our theoretical
results.

Stability analysis for digital controls of power systems — ResearchGate. Available from:
http://www.researchgate.net/publication/253892028_Stability_analysis_for_digital_controls

_of power_systems [accessed Sep 14, 2015].
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This paper presents an efficient transient load flow calculation using an incomplete acceleration method. This method
An Incomplete Acceleration Constant does not use the LU factorization, which is the most time consuming part of a load flowcalculation. Therefore, fast
. calculation can be carried out. The proposed method can be applied for the methods that have more inferior
%7 |EEE PES POWERTECH 1999484 _I\Iflethc?d Ignli)rmc/iu?:gl Cogvlergler::y for SMatoba, R.Yokoyama convergency than the Newton—Raphson method. To confirm the effectiveness of the proposed method, test
ransient Load Flow Lalculation calculations were carried out. The results show that the proposed method is able to improve convergency remarkably
more than the constant Jacobian method and is faster than the Newton—Raphson method.
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Lines
In this paper, the authors propose an efficient parallel algorithm for solving sparse network equations. The proposed
algorithm applies BBDF(Bordered Block Diagonal Form) to solve network equations by using an efficient node ordering

A Methodology for Solving Sparse algorithm which is able to deal with complex systems such as a grid shaped system. The performance of the parallel

5 |UPEC1999 199946 B N . . . algorithm largely depends on a parallel computer’s architecture. In this paper, a typical message passing type of
58 etwork Equations Using Parallel S.Matoba, Y.Yokoyama, M.Hagihira . .

Algorithm massively parallel F:omputer, N.CUBEZS.has been useq. In order to rfeduce the number of commur.ucatlons, the proppsed
method uses multi—accumulation techniques. To confirm the effectiveness of the proposed algorithm, test calculations
were performed using actual large power systems. The results show that the proposed method has improved
computation time significantly compared to single CPU calculations.
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A Load flow calculation method
eliminating P—-Q nodes

S.Matoba, Y.Yokoyama

Load flow equations are usually based on nodal equations with an admittance matrix and consist of P—Q specified nodes
and P-V specified nodes. By utilizing the sparsity of the admittance matrix, an efficient calculation can be
performed.The unknown variables of the load flow equations are node voltages which are expressed as complex forms. If
the nodes are roughly classified into generator, load and floating nodes, generally in real power systems, floating nodes
are more than half of the nodes. The nodal injected currents of floating nodes are zero, so by utilizing those
characteristics, the floating nodes can be eliminated.

However, eliminating all the floating nodes,the remaining nodes will be densely connected and the number of elements in
the reduced admittance matrix will rapidly increase. For this reason, these approaches are not practical.

On the other hand, recently a formulation of the load flow calculation whose load connected nodes are eliminated has
been proposed.

This paper has reported that the proposed method could improve the computation time remarkably compared to the
conventional Newton Raphson method by using small test systems. However, this method has the same drawbacks as
mentioned above. To establish a practical method, further examinations using large power systems are needed. In this
paper, the authors propose a load flow calculation based on a reduced admittance matrix whose P—Q specified nodes
are almost eliminated and the sparsity is completely preserved.

The proposed method uses the reduced load flow equations whose number of elements in the reduced equations is
much smaller than that of the unreduced equations. To confirm the effectiveness of the proposed method the test
calculations have been performed using several large power systems. The results show that the proposed method could
reduce the number of elements in the reduced equations and could improve the computation time significantly
compared to the conventional N-R method. step0 Pre— processing (node ordering, calculation of the original admittance
matrix etc.) Calculation of the reduced admittance matrix whose floating nodes are moved.

step1 Calculation of admittance for P—Q nodes.

step2 Modifying admittance matrix by adding modified admittance of the reduced admittance matrix with respect to the
P-V specified nodes.

step3 Load flow calculation based on the reduced admittance matrix YR. The calculations are performed until the
voltages of the P-V specified nodes converge.

step4 Calculating the P—Q specified nodes voltages by backward substitution using an upper triangular component.
stepd Convergence judgment of node voltages. If all of the VL s have converged go to step 6. Otherwise go to step 1.
step6 Post processing. Calculating the floating nodes, VF s by backward substitution using upper triangular component
UD Output of node voltages, line flow etc.
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In this paper an efficient eigenvalue algorithm for large power systems will be presented. The proposed algorithm is
based on the Arnoldi method and the IIA method with the complex shift Cayley transformation. Furthermore, a reduced
admittance matrix preserving the sparsity is applied for solving a network equation which is the most time consuming
part of eigenvalue calculation. Test calculations were performed to confirm the effectiveness of the proposed method.
The results showed that the proposed algorithm could obtain more eigenvalues with high accuracy compared to the
conventional methods.
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The influences of the digital excitation control on the real power system are investigated, and several items of
consideration are proposed to improve the design of excitation system. The design of digital power system stabilizer for
a cross—compound turbine generator is performed and examined by the field test of a real machine.
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