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WFZE R O E (J53L) : A CFD based highly accurate wind speed prediction method is
developed for the purpose of avoiding power grid voltage fluctuation. Based on this
prediction grid voltage can be securely controlled by a newly developed optimal control
method based on direct numerical integration of Euler’ s equation in the field of calculus
of variations. Numerical simulation is done using real field data to show the validity
of these methods.

AT R AERR
(AL 1)
ELfERE Y RIEEEEN o @t

201 0% 2, 800, 000 840, 000 3, 640, 000
201 1% 400, 000 120, 000 520, 000
201 2% 500, 000 150, 000 650, 000

R

R
e 3,700, 000 1, 110, 000 4, 810, 000

WHFEEF - L5
P& o 53F - #IH - BXE T L%, BT - LM - EXKE
F—U— R BRERF T A3E - HHEH) - THI - ZEE

1. BRSO 5

(1) s 28 80 |\ ) 8 Ak 1A Eh o TRl
DNWTIEE K OIFFENREE STV =y, #
D% X T — & ORFRIVEHT 05 — 3R
. AT IV NUATAEIZED LD
Thole, —H. ZOHE~OBUERIL T
MO ITEEMHITIEZ 5NN L H
EBZEOMBDNE Y NSO T TR
TWiRho T,

(2) AN ED BRI F—E AT K - TH
AT HEBELEBOHENICITL < O F Ko
FDHFZE STV, 2 2o & 4R
T AHEA . PERITT T MINTET % IR
Z AR UHIEGREE ) © b IERR B ME & ERR T
A LI THE#EL o L— M4
A+ nEETHY, T LD
(U2 v XEOFHI L ETe) CIERIE O il fH
HERZEZET LD o7,



2. WEOHB

(1) AR R 0 0D JR\3ek 25 )y % B A AR ) AT
ZROCCTERBEICTHT 5 FEEHET 5,
By e — BREEOBIC T &5 B A
A THICE UL, BSIREBH SR EL
ZEd THITE %, BUE, KZRTIEL 5km A
v 2 DZERISY FRBE T M TAUE S5 Ja
WA GPV L WHBTRAL TWDHR, Zh
TIEEE TE 20 OVHTE, BIRDEEE
BAETRK S FIC L > CTEMICEET 5 &
(2 & o T, UEHEE) 2 SR IS TS 25
FIEEABERTHIZENANTH S,

(2) _EFE o JRGH 28 B T 1) T A LS A
DBIENTEATFEELT,. ATV V2
N AT AOMEA DOFIERD D, AT
M5B ANFIS (GEiH=a—u 77V g
) OWCER L. ZhvEEHT S Ao
THHRFT %,

(3) EUEZEE I L OV SRS B I EH)
EEFEEICTHITE S X)X, TofE
WIZESWTEELHEZHEF TS L1
RbHEEZLND, BOREFTHIKOEIE
BRI E B E OB NIFRESR 2 AV T,
B 70 BB R HIAE A2 1T 5 HFIEIC oW TRENT
b, BT, ThETHEVRFTIESN TV 2N
TR ZOREICER L, FDOHDF
Bt LTAHA 7 —0HFER 2 EERER S
TAHZLEERA LD,

3. WrgEo ik

(1) EFFEdH 2 IR 0 mGH 5 F5 FH E A b A

TN Y 7 FEEA L, ZaE VTR
M7 S CHARE S B R A B & FEERIZE
&+ 5 GPV THIOEEZ & S IZFHE LT,
ZOFER A TR & T 5 Z itk o

THEE &2 31 L 7=,

B 1. BAr AT O — Bl

(2) EFRFEICL > TEHE LN TFRIEGEDS

OHIffE N DRI EHN I EB 2GR L
BiRWe~A 2707l v RETAIZEBNT

IE Y EIZELD #1To2GA0, THlELT
DRNSTEFBEBITHRT, CPORBREDORY v
FREOENDNEIHEE I A FOERIZK -

THEHLT,

3
=125
AV AATA
=
g 1.5
S 1+
=
205

0

0 50 100 150 200

Time [hour]
X 2. #ELZ—HES0OFELH)

700
600
; 500

=400

S

t

outy
o
(=]
<

0 5 10 15 20 25
wind speed [m/s]

X 3. JASIHEED/ T —T1—T

(3) EW ST mR A E T — % & VOt

KORELEEZ THT H=a—a 77y

Heim o AT LD EED T, ZOVAT A
AR OEE 22 7 — Z BR#EhRl o 5 #)

SEEBERE 2 2 5 0 TR LT,

Output Layer
[eq(3):de-fuzzification]

L Hidden Layer
[eq{2):MS5F]

Input Layer
X4, ma—ua 77 V4 HFRV AT A

(4) EHiETHLNDAA T7—D %
EREEERS T2 2 & T, R fEaEs5
FIEERRE L, BT AREE AW EE Y
2l =g ko CTHOMZMEGER L,

—BAT —PL —QL —Pgrid —Qgrid —Pwtg —V
2500 108

_ 2000 106
] AL\

g 150 —

& 1000 ZAAEAY e
22 50 F=\NNAC - 1025
FERS He— I\ ——— %
3 | I R N L2
T 500 Ik \ = 18 - 008>
g 1000 | \

< 00 —J [ 1 0%

-2000 Time (0] 0.94

X 5. sl 2 il 2 — 2 D—pil



4. WF7EEHE:

(1) Terrain Mapping #fEZE L, TOAERME
EREOLHORKRT — X & H W THRIE L
72, Terrain Mapping &3, Xf5 &9 2 fE
PR E D ROBEN (GPV Hi 32> & AL
HBTED) ANEL, HHoOEKRIZEY R
B D JEGE 3 52 T B S Y B A R
TR T2 AT 2 D CIEREIC BB L T4 %
WEOREEZHNTHEBLRTHD, MHRET
ZEIBIZOWT 16 FALOJEM &, Ya%Hh
TP I N 5O EEIC- DT Terrain
Mapping ZF &R TEIFIE, FEIIDOHFEIC
BOWTHWHLWHHE LETLEN 2L &
HTHDE LB, BEOEWTHIAFTHE
BB ENGMhoT,

WEBOMBNEY, ZOMMOFEN Y
I OANBRXMTINE TRESINTZZ &
1372<, TnEHWDZ LIk o THRUEAEE)
ROJE ) %% T ) 25 By D T I A3 A B AT R
fETE 2 LM EnD,

6. FHRERIZHWTZHIE A

N

NNw_ 14 NNE
12
NW 10 NE

—3m's
—06m/s
—9m/s

—12m's
Wsw

SSW SSE

7.  Terrain Mapping Dl

—GPV —measured

=]
=]

—
i

wind direction
o
o [we]

(=]

0 50 100 150 200
Time [hour]

8. JEMAENET D GPV FHIDORE

—measured —Case 1 —Case2

wind speed [m/s]

0 50 100 150 200
Time [hour]

9. EEZEE)DFHIREFEDHF

(2) N 25 ) ¥ 0 v A B AL DA fiE % 12 B
R 5 2 LITRRB LT, BRI~ A 2
a7y ROEMERIZKR LT, GPV I L
STEHELNIAEEZZFDFEEHNTEIEL
TZEDICL > CGEALIEEA L, REFIE
Lo TEKEETH LZREE2 AW CTREL
7ZELDIC K VER L6 & T, ERRICHE
LD THA IR E KT H 2 & TR
DALz, $RRVETITRGEL ) TR SRS I
ARECH D72, MERIEEH )OS/
L, BRELTREA NOHIKIZEERT
=7,
ZOFEOFHIILE S > AT LERHERIC
BWTE, I<HWLRTWSR, BAHA
S axRE U TEBEDOGY TPHED &ICE
L, EEANIFHE LB 7 <, S8
CHEBEBRHD EEZLND,

Q) T OBEAN - T 7Y
o BGE TP AT BB LTz, AMARNT
WA=y TEBRELRET D0
<, FrilfGEonzmiET —#ick & H)
PINCHERR S AT AN AEEEH CTE 5, BIX
L7y AT A EEOBRT —XICHEA L
e A, TOHPMENRERI N,

== test daty ===training data

Moving-Window p
Width(18opoing) VRS A

=

mean wind speed (m/s)

41 121 151 181 211 241 271 301 331 361 391 421 451
data point(lpoint ' mimutes)

1 0. 7 — 2 BB i 45

(4) JEFFEERED D DH DTN, ABFFET
B L THIFECEBEIC T TS 2
L ZERIC, TSNS HOEEHT HE
JERIEOFIEZ R Lz, H—OFIETITE
BMEFOBENITHEEOEM 2, £78 0
FIETITE S FE B (PMSG R BB A H i U



V75 GRERE) BYOE LB
PR ETDH, B, RRET A
HIE R EZRIEALT D Z &R EREDOAA
7 —D XA EEEERE T 5720, 1tk
O B FiETIEY AT A0SR
Hl R EE 2 B NIC T > Tz 2
EITHART, S HICHERED L WHlE R S
N5, ERETFILEOGIEIXEARI 2B BB %
AWEHEY I 2 b—3 9 I k- THER
L7,

ek, ZoORIEGTRIIAFIE THE L Lz
AR EMORIEIC L EE 5T, K VAT
LRI E A FTRECTH D E B 2 B,
— RO =7 HEBRE S 5O BLERN 2 REA
SBEBETHDLEEZDND,

—Qws —V

o
e
o
kil

P

S
1=
8
5]

/\ /I\) 20 30 40 50 60 70 80 90 100
1.04

-0.004 V\/\M A A \ Il /\/\“ 1082
Vi V7 OwW RAsdl 1/ o

B}
-0.006 102 &
NMAN AT v o e
-0.008 \/ s 1.01
001 Time [s] t

1 1. 15547 il o 1s2Z B

reactive power [pu]

5. FreREinLE
CesERmsC) G 1R)

(M Teruhisa Kumano, Accuracy Improvement
in One—-day Ahead Wind Power Output
Prediction by Computational Fluid
Dynamics Calculation, The Renewable
Energies & Power Quality Journal, &#e
A, Paper 303, ISSN:2172-038X, Vol 10,
2012
http://www. icrepq. com/icrepq’ 12/303-k
umano. pdf

(FaRE) Grsi)

(D Teruhisa Kumano, Hiroki Saito, “A Data
Driven ANFIS-based Very Short Term
Forecast of Wind Power Output and its
Impact on the Reduction of Necessary
Battery Capacity” , ISAP 2013, Paper 832,
Tokyo, Jul 1-4, #&EFA, 2013 (FRRF)

@Teruhisa Kumano, “Determination of
Control Structure of PMSG Wind Turbine
Generator by Calculus of Variations”
IEEE PECon 2012, pp454-459, #&#HiA, Kota
Kinabalu, Malaysia, Dec 2-4, 2012

(3) Kazuaki Higashi, Hiroki Saito,
Teruhisa Kumano, “Very Short Term Wind
Speed Prediction by Computational Fluid
Dynamic Calculation for Advanced Control
of Wind Turbine Generators” , MJJS
(MJIIT-JUC Joiunt Symposium) 2012, Z i
A, Paper 24, Kuala Lumpur, Malaysia,

Nov 21-23, 2012
(4) Teruhisa Kumano, Toyohiro Abe, Fumiaki

Tamashima, “A Functional Optimization
Method to Determine Battery Capacity for
Voltage Control in Power System with
Large Wind Power Generation” , 2012
CIGRE SC C4 Colloquium in Japan, October
10-13, #£#Hi4, Hakodate, 2012

(5) ZFMEICHE, ABEFRR/A : [ — X BREHH A
NF I SIT X2 R EGE T 1] & Ok e 15
B ITLT—2 D), EXTRENE

fitr - B R AR PE-12-137,

PSE-12-153, HUn, ##ifE, 8H6H~8H,

20124F

6. MR

(1) WFgefds

AEEF  RAE/L (KUMANO TERUHISA)
BVE R - BT 5200 « BT
fFgeE %5 80371243

(2) WFge s
2L

(3) HAERF L
L



