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T
E, = / P, dt (2.6)
0
T
Eout = / Poutdt (27)
0
T T T
ES Pou
/ &mm:/‘—ﬁ+/ Ldt (2.8)
0 o Ts 0 TNout
ooogooon

O000nnhs OO0OD0O0OO0O00O0ODE, 00DODOODOOO00ODO0O0ODOOT0O0
O000000DO0ODO0DO0DO0ODO0D00D00D0O0DO00O000O000O000O Pess O
udn

Ts = Es/Ploss (29)

o0oo0Oo0O0o0obOoTOoDOO0OOO0OO0ODOOO0OODOOO0OODOOO0OODbDObOOODO
00000000 (28) 000000000

T Eout

inFin = P2 By = —E, + (2.10)
Ne Ts Nout
000000000000
000000000000000000000
e = nT“T%‘t e (2.11)
1+ o B leut 1 + Ploss B, T

0000000000000 00000000000000000000000000
0000000000000 000000000000000000000000000
00000 P 0000000000000007 /75 < 0.1 007, 70w = 0.9500
007, =0.820000

232 00000 r,000000000COCO
0D000000000000000000 5000000000

(1) 00O0O0OoO0O0O0O0o0
(2) 00000000

(3) 00000000000
(4) 000000 P 000
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0000 0150000 (0 26%0 D000D000000000000000000

ooobooooboboboobobobooo 300 1obboooobobbooooboobog
D(25,26)|:|

24 00O0OO00O0OO0O0OU0obDbDbObOOO0oOoOogUooDoboobooOg
241 OO

OO0b0o000obO0obOOoO0ooOobOooboobD0obooooOOobDOooboOooD 3ooo 400
O00000ob0oooboboo Ss000e0b0ObOO0ODbODbOUObDOODODOODO
ggoooooooboboobooboboodddddddddooooooooooooo
gbobobooooboooooobboooooo

oo0ooOoobD 1okwoO10oooooooooooooooooboogboooooooo
goboboodoobobuoooobbuoooobbboooobbboooobbbooobo
goood

25



020 0O0O0OOOOOOOOOOOOODO

242 0O000000O0OD0OODODOOOOOOOOO

0000000000000000000000000 10kWO 1580200000
0000000000000000000000000000000000000000
D0000000000000000000 70%000000000000000000
0000000000000000

000 Peaq kW] O ¢[s] 000000000 Npp|(% 00000000000000
0000000000 AED

AE[kJ] = Pload Xt (2.12)

00000000000000 I[kgm?] 0000 Dm|J000 Lim] 0000 v[kg/m?]
0DO000

4
I&gﬁ}:ﬂ%;d (2.13)

000000000000 00000000000S8S400027000000000000
v ="7850 kg/m3 0000

I [kgm?®] =771 x D*L (2.14)
0000000000000000000000000 Enpax 00

Bax [kKJ] = = Iw?

2 max

1 2 2
= 3 ¢D 2_7-‘—]Vmax
2 4 60

::L37x(GLﬂ)(£@Ei)2 (2.15)

1000

ggoboboooobobboooobboboo

Nanax ) *
AEmﬂ:137xGD2(]ﬁa>(l—N&J

Poa
GD?[kefm?] = load X ¥ (2.16)

1.37 x (Nmax)? (1 — N2

min)
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80_max

Wmax [rad./s] = 5 (2.20)
\/v B+ (2)

000®000000000000000000000000000 0SS400(0max =
400 MPa) 0000000000000 300000000000 2800000000
000000000000000000000000000 Dm0 Liml00000
000000 100m/s00000000 D =500 mmOL =135 mm 000

I [kgm®] = 771D*L = 6.50 (2.21)

00000 (218) 000000000000 1000000000000 O0OODOO0
g

1
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Rotation speed (min-1)
lIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIII
Litiii1l IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIl

O|||||||||||||||||||||||||||||||||||||||‘

1 2 3 4
Flywheel diameter (m)

028 00000000000D0O0ODOSS400(400MPa)0ODOOO0O
0300000000=203 m/sO

243 0000O0DODODODDOODOOO

gdobbdooobobbdooobobboodobbooobobbooobnbboooo
gdobobooooboobooooobboooobbbooobbboooobLbbooon
OO0O000O0OO00DOONTNOOODOOOOOoDoooo BrooogoDOoOo 40000000
00000000000 Angular bear00 00000000000 OOODOOOOO 0O
gboooboobooooboobbooboobobooboo oboobbooobog
oooboooobobooooboboooobobboooobooooboboooooo
goboboooobobuooobobbouooooo

027 NINOOOODOOOODO Br09OODOODOODOOOOODO
OoooooooonD d=45 mm0dD =75 mm

0oo 40 0
00oo0oo0o C, = 3700 kgf
0000000 C.r = 3600 kef
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Bottom angular bearing

Flywheel shaft

bearing housing

< >

029 00000OOOOOODOODODOOObDOODbDO

obo0oboobooobooob 2900000000 0DbDO0OO0DDbDObODbOODOODbDOOD
2700000D00OOBOODOODOODOODOOOOODOODODODOOOODODOD
0000000000000 0000 F,O

F, [kef] = 7 (g)g Ly = 208 (2.23)

0000000000000 00D000O0 F,O0D00D00DO0DO0D0O0DOO0ODOO0O0O0OOd
ggogoooobobobobbbobobbboobobooddldddooooooooo Lo
OOobO0o0o0OO0obO0obOoOoooboobOobD 20000b00bDO0O0oODOobDOooboOooDOoD
O0o00o0obOooobooobobooooboobOboooD pmODDOOODODOOODDOO
gooo

Fy [ket] =

208 kg > 0.010 mm x 10~% x 2(00) (3000 s 2”)2 (2.24)

9.8 x20 60
=20.9

O0oobOOobOOoo0 pO000ODO0OD0O0OO0O0ODODOUOOO0ODODObODbOODObOO
gobobooooooboooobbooooboon

Plkgf] = X, - F. + Y, - F, (2.25)
= 1% 20.9+0.52 x 208
=129
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O00O0DbOoboO0oOoogon Fs00

(2.26)

3600

129
— 928

>20

o00obO0o rs0b00b0b0b0oob0obgobD 1sb0b0000o0obbObOobOobOobDOoboo
0000 20000000000000000DO0 POODOODOODOODODODOODODO
ggboboboooboboooooobooooobobooooobooboa

Plkef]= X - F,+Y - F, (2.27)
= 0.35 x 20.9 + 0.57 x 208
=125

000000000000 0D0D0 Lwolooooopoooooo9obobooooo
uogooboooooboobod

3 6
¢ 1
Lyon = (g) x 1 (2.28)

P 60 x N

_ (3700\° 106

- (1—25) " 60 x 3000
= 144000 h

=164 0

goog

244 0000ODODOOODO

O0000000Doo0ooo00é=5mm0 OO0OOOOO0OOOOOOOOODO
0000D000000o0oOooOooO CFkegt)O

2
CF[kef] = % (2.29)

208 kg x 5 mm x 1073 x 3142
9.8

=10.4 x 103
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ugoob oooboood »o
_CF
A

T (2.30)

10.4 x 103
(500 + 135) x 2 x 9

= 0.910 kgf /mm?
=8.92 N/mm?

000000000 9mmO00 SS400(0 000 =200 [N/mm?]) 00000000
0ooooooo

245 00O0O0ODODOO

oo oobooboooobooooon
000000000000 2800000000000000 k[Nm/rad.]O0000OO
gooogo

md*

k[Nm/rad.] = ﬁG (2.31)

= 4.85 x 10*

0000000000000 wrad./s] O

wy [rad./s] = \/k: <Li0t + Ilf) (2.32)
= 496

000000 w,rad./s] O

w, [rad./s] = Iﬁf (2.33)

=27.5

028 0O00000O0ODOODOOOODOD

00000 G [N/m?] 7.94 x 10
00 [[m] 0.5
000 d[m] 0.042

000000000000 Inet [kgm?) 0.02
00000000000000 If kgm?] 65
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¢ direct on-line start of 3.7-kW pump motor

; 20||||||||||||||||||||||||
L . oad ]
o
C B 4
o I _CD
0 - 4
wa [ 15
S - i
s< t
g O )
o - 4
18 :
Q £ i :-c%
g2 | 13
ge Qrw ]
(&) - 4
0:9_20||||||||||||||||||||||||
0 0.2 0.4
time (s)

06.49: 37kWODD0O0D0O00C0CO00000 Quoad, Qra, Qrw

Vee 0ODOODOODOOODO

6.3.6 000000000000 0O0O0O0O VgeOOOOQ

06.37(a) 00000000000 0D0O0OD0O0OODOOO0OO0O0OOOO VegeOOO
goboboooobobuooooboboooooboboooobbbooooboboooooboo

T T T 1T
20 -100

—~
T < | =<
22 - - "= - - - - 752 2
TS - 1 ©¢&
%4(7) B | 7] %"(7‘)
= o = | 150 o
c 2100 | 035 ¢
~ B I 7 T
c S r c <
o - | — o
M | £
52 | | &8
= C 113.4 kw 1 F©

0 T TN N (NN NN TN NN TN NN AN NN MRS T [ TN N TR N T |

0 5 10 15 2(9

Pump motor capacity (kW)
06.50: 0O000DOD0ODODOOOODOODOODOOODOOOO VgeOOOO

229



060 O0O0OOOOOODOODO

gobodoes0idbboobboobbooobboobobboobobboooobnbg
000000000000 DbO0Do0ooO0 VgeODOODOODODODODODDOODODO
ggooobod

0000000000000 O0O0O0O0O0OOOOoOoooooooooo(™oooon
O000000000000000000000000000 VgeOOOOOO 25%0
000000 7%%000000000000000000D00COOOCOO0O00O00O00
00 2%00000000000000000000000000000O0OOOO0
000000000000 0000000000 20kVADODOODOOOOOOOOO
O00OdDoodoooooo3kwioooooooooooooooooooooogn
20kVAOOOODODODODOO0O 13kWOOooooooooooooooo

00 13kWoOOooooooooooooooooooooooooooonasokVA
gooboboooobboooboboboooobbbooobDbboooUbbboooo
udobobooooboboooobbobooon

6.3.7 00000000 DOOOO0O0O0OODDODODO0OOOOoO

O00BKkWOOOOOOOODOOO0O0OO0ooooo ON/OFFOOOOOODOOooooO
ggoboboooboboooooboobuoooooo

(1) 0000000 VgeUODOOOD 25%0000000 8kVvAOOODOODOODO
goooogad

(2) 00000000 20kvAD0DD0D0D0D0OO0OOOOOOOOODOOOOOOOOO
agono

2000000000000 00bO0obOOO0obDO0oO0bOobDOo0oboOobOobDoOobOon
0000000 651 000000000000000000 20kVADDDODOOOODO
000000o0o0oO0o0o0((2)ooUo0oOoUo0oOoUoOO0oDoOoOoooOO
00 1.7kWO0OO00000000D0 13kWOoOOooooooooooogooooo
gooboooooboooooboboooobobooooboboooubobooooo
000000000000 00000000UooO(l)obooooo0ooooooUoog
ugoboboooboboboooooobooooboboooooboobod
ggobobooobooboooooboooobobooobobbooooonoobobooon
0000000000000 0D0D0DO0D0D0DO0D0O000 BKWODODODOO 10000
0000020000000 2000000000000000000 100000 CO-

230



64 ODO0O0OOOOODOOOODO

[ T T T T T T T T T | T T T ]
s I ]
I 20 -t
a4 prad ]
c B - ]
S L /// ]
o B ¥ ] ]
c C 80 kV/A// 7
S 10 - -
) - = i
c - - ]
(@] C_— 7
° ¥ v ]
[} ;/,/'ékVA -
> - i
LL q -1
O 1 1 1 1 1 1 1 1 1 | 1 1 1
0 25 50
Load (kW)

06.51: 80kVAO 20kVvADOOOOODOODODODOOOOOOO

gooobooooooo

64 000000 O0O0OOO0OODOO0OO0OOO0ODO0O00
Joogg

goboboooobbbooobbboooobbobooobobobooooobbooon
goboboooobobuoooobbuoooobbboooobbboooobbbooobo
gobobooooobuoooobooooooobooood

(1) 000000000000000000000 Pead 0000 Queea 100000
0000000000000 000000000 —-25% 0000000000000

(2) 000000000000000000 Qee0000000000000000
Vee 0ODOODOODOODODO

(3) 00 Qee 0000000000000 O0000O0000 Qew 0000000000

(4 00 Qew 0000000000000 O0O0O0O0O0O0O0OO0OO0O0O0O0O0
00O

231



060 O0O0OOOOOODOODO

641 000000 DOODOODOODOOO0OO0O0000 Qga

ggobboooobooobooooobobuoooobobooobobboooobobobooon

0000000000000 00O0O000 AVROOOODOOOoOoODoDOoOoOOoooooo
goboooeb200000000000DO0OODOO0ODDOODODOOODODDO
goooooooov,0b0o0b0oboboooobooboooobooooboooooboOooDoo
O AV O

/

AV = V,—d

ey 6.1
Xd + Xload ( )

ugooooo XéDDDDDDDDDDDDDDXloadDDDDDDDDDDDDDD
0000000000000 0000000000D0 ReeDOODOOOO AVOODODO
0

(Va — AV)?
(Vu/AV —1) X,

QG = (6.2)

ooood

0 (62)00000000065300000000000000000000000
0 Qrw 0 Qaa 0000 Qe 0000000000000 (62000000000
6540000000000 620000 20kVvVA0O0D0OOOOCOOOOOOOO0OO
00000 X;=02500.3 pad 25%030%00000000000000000000
00000 11kWO20011kWO 3000000 11kwWO220kJO00000000
000000000000 000000000000 2003000000000000
0000000000 2kW00033kWOO0O00000000000000000
oooo

~ >

FEAFE
0 6.52: 0D000O0OO0OOOOOOOODO

232



64 ODO0O0OOOOODOOOODO

0000000000000 AV O 20%00000000000000000000
000 Qeec 00 12014 kvar 00 654000000

¢ direct on-line start of 3.7-kW pump motor

; 20 T T T [ T T T T T T T T [ T T T T T T T T
LL i 7 /\ Qoad i
© N

c u ) i

cs - ’I -
O} — : / : %
Ll 5 i ! 14
es [ ]
o< | : 0
— 5 O-‘ i e e ) -
58 f 1
5a [ :
e 18
o> [ 10
= o 1-
) L 1 — .
o 9 ' «

(U 5 - 'I ‘< .
O - L i
o 8 _20 1 Lo b

- L 0 0.2 0.4
search point----- _
time (s)

06.53: 0000 QewlQq OO0O0O0O0O0O0O0O0O0O3.7KkWDOODO
OOo0o0oOoOoOgosskwioOooooooooooooooo

20 i T T T T T T T T ] 11
’g i
> -
:‘C/ L
o0l0
o101
G I
I 11 kWHg24 O
i 11 KWH#3& o
i 55 W14 e
O 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 I 1 1 1 1
0 20 40

Delta V (%)
06.54: QecU0000000 AVOOOOOOOODOOOODO

233



060 O0O0OOOOOODOODO

642 00000000 DOODOODOODOOO0OO0O0ODOO0O0O0 Qrpw

ggobboooobooobooooobobuoooobobooobobboooobobobooon
000000000 Qpw UDDO0DODDOODODODOOOOOODOOODOOODOODOO
000000000 0000000000000 Qew 0OD0ODO 65500000000
ooOo0ooobOoOoooObOOoOooObO0o0bObOo0 ARAO0DOOODOOODODOOODOD
00000000 Qew 0000000 DO00ODOO00ODOOOODOODDOODDOODOO
0000000000000000000 Quoad =50kvar0000000AV =20%
0000000000000 0000D00 Qee00 1204kvar 0ODOO0OODOODO
Qioad — Qpc =36038 kvar 00000000 DOOODO0O0O0O0O0O0O0OOOOO 6550
0AV =20%0000000000000000000000000000O00O0O P, O
40kWDOO s kWHo00o0oooo

000000 (6.2)00 65400 65500 0000000000000O0OOOOOO
gogoboboooobboooobbbooon

6.5 000000

0000000000 0000000000D0D000D0DDO00D0D0O0000005kVA
020kvA0O00000000O0D00000O000O0000000O000O000O0O0O0

Pn=55 kW |

N
o

33 kW IM

N
o

Reactive power Qg (kvar)

10 20 30
Delta V (%)

06.55: 0000000000000 000OO0OOD RRO0OOODODODOD Qrw

Oo

234



6.5 000OD0OOO

aoo

(1) 0000000000000 0000D000D0O00O0UD0O0OD00OD0OAVROODOOOOOO
Ul msO0O0doooooobooooooobobboooooooboobooboooo
gogoboboooobbooooonbooboo

(2) 5kvA000000O00O0OO0OOOOOOO0OO0OOODOOOO0ODOODODOO
ggoobobobbooooubobbooooobobboooobobbooooobbooo
ggoo

(3) 20kVAODOODOOOOOODO0ODOOOOOOOOOR KWDOOODOO+000
ggoboboobooooobobbodoooobbbbooouobbbbooooobbobog
gogoboboogoboboooobooooo

(4) 0000000000000 0000O000O00D0O0UDO0OO0O0O0DOUODOOO
ggooboobobooooubbooodobbbdoooobbbuoooobbbbooo
ggoo

235



0 70

L] [

(1 OO0OOoOog

OO0DOO00O0 1000 e0Db0OO0O0O0ODODOOOODODOOOODODO

010000000000 DbObOO0000b000o00oooDobObbOboooooooDDboD
goobboodoobobuoooobbuoooobboooobbboooobbboooobo
goobooobobobuoooooboobuooooboobooogoo

0200000000000 DO0O0OO0DOO0ODbO0O0OO0ODbDUOOO0DDbUO0ObObDUOUObDbDOn
SMESONaSOOOOOODOOOOODODOO0ODOOO0OO0OOOOO0DoDoooooooog
gooobooooboboooobbuooooboboooooboooobobboooooo
gobboodoobbuoooobbuoooobbooobobobboooobbboooobo
gooboooooobooooboboooooon

0300000000000 00b0bD0o0obooObOOobD0oobOoDbOOobDOoUDbOoD
goboboooobobuoooobbuooooboboooobobboooobbbooooono
goboboooooboooobobuooooboboooobbbooooboboooooboo
gobobioodoobobuoooobbuoooobbboooobbbooobbbooobo
goboboooooboooobobuooooboboooobbbooobbbooooono
goboboooobobuoooobboooooboboooobboooobbooooboo
goooog

ob0obooobobobobo0oboboobooboboooo 3oboobooboooo

237



o770 OO

gOooooooonkwooooodoooooooogo sokwoooooooom
goobboooobbtooobobobboooubbbooobbboooubDbboooo
udobboooobboooobbbooon
ggobbdooooboobooooobobuoooobobooobobboooobobobooon
O000O00DO0o0OOo0DOoO0OOO0bDOO0obOO0O0oO0OoOOoOoDOOoOoD 1I0KWO
ooos0kWDOOOOODOODOOOOOOObOOoOoOooOOobOoboobooooooo
ggobboooobooboooooboboooobbooobobboooobLbobooon
gogobobooobobboooobobooooboboooooboon

040000000 3000000000000 DOOO0ODODOObOODODbDOO
gogobbboogooobooooobobbbooooobbboooonoD msdd®
ggbobbooobbtbooobbtbooobobboooobboooLobboooobo
ggoboboooooood

ggobbooobooboooooobuoooobobooobobbooooboobobooon
goobboodoobboooobobboooobbbooobbbooubbboooo
ggobboooobobooooboboooobbboooobbboooobLDbbooon
ggoboboooooboobooooobboooobbbooooboboooobobobooon
000000000000 D00000o0OO (30kvA)ODOOODOOODOUOUOOOOOO
ggobboooobooboooobobboooobbboooobbboooobbbooon
gogobobooooboboooobooo

Os0000000400000000D00000DODO00DODOODODODOODOO
gobooobooobooobboo 2503000000 boboooobooobo
000000 S5kVADOOCODODOOOOO0O0O0ODODODDODDODDODDODODOODOODOOODODOO
ggobboooobbuoooboboboooobbbooobbboooUbbboooo
ugobbdoogbobboooooboboooboboboooobobboooonoo

oe0000oOobobOOobOOO0obOOobOoOobOOobDOobOoOoOOobDOobObOobooDbOobOboO
ggobobdoooobobuoooboboboooobbboooobbbooobLbboooo
00000000000000S5kVADOOONODODOOOOODODOOOOODODOOOO
goobboooobboooobobboooubbbooobbboooubDbboooo
00o00000o00oo0oDooooo 4% 0000000000 ooo0ooooo
ggooobodoouoobbboooouoooboboooooobobbooooooooboo

238



72 O00O0OOO0O0OODO

aoo
gooboooobbbooobobtboooobobboooobboooubboooo
O000000000000D000 AVROODODOOOOOOO0DOOODODODODOOOOO0O
ggooooboooboodoooooboooobboooobboboooooooo
O00000000020kVADOODOOODOODOSMKWOODODOOOOODOODO
O000000000000000008kvADDODDOODOOODODOODDODODOOOOO
oobooboooboobooog 200b00b0O000oOoOobDO0oOobOOobODOobOooboOooDoD
gooboooobobuoooobbuoooobbboooobbbooobbbooobo
goboboooobobboooobbooooboobooooobooo

gogoobobbobooouoobboooooooobbooooooobbboooooon
goooooooobbbbboooooooooooooobobooooooooo

(2 OD0ODOOOOOOOO
721 OJ0OOO0DOOSMWOODOOOOOOO

OO0o000obO0obOoDOOobOOoooOooobOobOooDoooosMWOOOOODOOO
0000000000 sSMWO1O0OOODO S00kWO100ODOODOOOO

(1) 0000000000000 00O0OU0000UO0000O0OUOO0O0OODOOoUOOO
ggoboboooobboooobbboooobboooooboo

(2) 00D00D0O0O0DO0O0DO0OODOO0DSMWO 100DD0D0D0O0ODOOODO0OOOOOO
ugobobobdoooooobooooobbboooobDbboooobnboboOoo
yjdddddddddoooooouououooboooooooooobobboboobooon
SMWDO 10000000000 0DO 1000000000DO0O000D0OO0ODOO
ggobbooooboboooobbooo

(3 000000000000 U0O0OU0O0O00U0O0 10000000 OOODOoUoOO
gogobobooobboboooobbboooobbboooobobod

(4) 0000000000000 D00O0O00O0O00O0O0O0DO0O0U0O0O0DO0O0OOOO
ggobooboboooouooboboboooooboobbooooboboboooouoobobooo
gogobboooboboboooboobao

239



o770 OO

s 0000 o0o0ogoooboooooboodgn

100000000000 0Oos00kWDOOODOO 30 35, 7T0000O0DOOOODO
O20kWOO000000000O0O0O0O0OCCDOO 200500kWOHOOOOOOOOO
20kWwooOOoOopoogoooo 71o0ooooogoooo 3opooooboooooooo

071 20kwoOOoOOOOOoOOO

gooooo 250 kW
goooooooo 0.55%
goooooooon 500 kW
gooo 6.6 kV
gooooooooon 6.5 A
goooo 50 Hz
RN 2
ooooond 3000 rpm (314 rad./s)

000 10%0000000000000000000000O000O000O0OOOO0O0
goooo

360 ms  (E = 1050 kJ, 6 = 27)
Toin = 4 240 ms (E =700 kJ, § = 47/3) (7.1)
120 ms (£ =350 kJ, 6 =27/3)

0000 4n/3rad. 00000000000 000O010 500 kWO240 msO00000O0
OO00O0bOoO0 71000000DO0000DOODOOODO 720000

072 500kWl1O0000000O0OOO

oOoooogo 700 kJ at 3000 rpm
ooooooo 120 kJ (500 kW, 240 ms)
goooooooo 95 mm
goooooooo 680 mm
gogooooooo 270 kg

240



72 0DO0O0OODOOOOO

O

700 mm

< _ P/Q'&

1000 mm A

071l O000000O0OOOOCCOOOASL00kWDO20msO0O0O0OOCCODOO0O

I J0000000gooooo

250 kWO00000ooooooo 71000 30%000000000000000
0000000 250x102x30% =7kvar 0000000000000250kW 0O 20
Ohs0kWOOOODOOODOOO 3.320000000000000D0O00O0 30000
ooooc11kwgog20kwoooooogooooooooooo kwooooooo
oOoOooo 20 kWOOOoOooOooooOooooOooooogo2000000000D0OO
OOoooo0oOob spoobooooooooobooooo20kwWwoooooon 500 kW
O00000000ooooogooo0 vx3=22kvar00001000 5MWODO
OO022Mvar 000000000000 ODODOODODOODOOOOOOOOO0O 6.6kVO
40 kvar OO O0OOD 40000000

Oo0000OO0000ooooooOOobo0O0O0ooooooobobobOs00kWDOD 1000
OOoDbOo0obOOooOobooooosMwOOOOOOooDoboo 20000

722 ODO0DOOoOoOsMwOOOOOoOOOO

OOobDOobooOoboosMWO3OOOODOODOOoOOOoDOOoOOOooDobobooboooo
20% 0e=080000003000500kWODOO0D0000O0D0O0OO0ODOOOO
00 73000000000000073000000000000DOD0ODOODOODODO
ooboobooboobooboobooboobooboobooboobooboo 3

241



o70 00

self-excited
250-kW squirrel cage Q capacitors
induction motors S

072 000000SMWO20msO0000000D0COODOOO

1000 mm

A
v
0

1000 mm

073 500kWO3sO000000000000

obooboobooboobooooboboooobobooboobooboooboooboon
oooobooooooboboooooboon

Oooooooooos0okWOO 100000000000 O0DODOOODOO0000
Oooooooobooooo 740000

242



72 0DO0O0OODOOOOO

073 500kWO1000000000ODOO

oooooon 4.16 MJ at 3000 rpm
ogooooood 1.5 MJ (500 kW, 3 s)
goooooooo 140 mm
goooooooo 940 mm
goooooooo 760 kg

self-excited
250-kW squirrel cage W 3 L acitors
induction motors ' oy )

074 000000sMWO3sOODODODOOOOODODDOO

723 DOO0OOO

goboboooobobboooobbooooboboboooobobooooobobooon
gobobioodoobobuoooobbuoooobbboooobbbooobbbooobo
Ooo0000o0O00O0oob0oboOoboOobOobOo 1owobhobobobooooooo
ggoboboooobobbooooobbooobobboooooobuooooobooon

00000000000000000000000UO0 ON/OFFOOOOODDOODO
00000000000 00000D000DO00oDooooooD nkwoooooo
oooowooooooooooooooooooooooo n1kwgogoooooo

243



o770 OO

0000000000000000000 ON/OFFOOODOOO0O0OO0O0DDO0OD0OO0OO
godobboooobboooobbuooon

g30bdboboboooboobooboobobobooboobobDoobOoobbDOon
gogbobbooobobobooobbobboooobbboooobboooobobbooon
ugobbdooobobbooobbbooobbbooobobbooooono

oe600000000DO0OO0OOODOODOOOODOODOODODOOODODOOOO

gogobbuoooobbuoooobbboooobbbooobbbooUbbboooo
ggobboooobobooooboboooobbboooobooboa

244



OO0 A

Al O0O00O0O0O0

0000000000 Al00000000000ooO0oooooooooooo
OO000bO0o00O0obO0obOobooOoooboOobooob 200VOO0OO25VOOOOOODO
gobbooooboboooobboooobbbooobbbooobboooobo
godoooobooobobobobobbbobobbbbbbbbbooodooooooooo
oboobooobo lusbboobobooboboboboobobooobobobobooon
gooboooobobbooobobbooobobbooon

Quad Op-amp LM324

ADCing

Analog G. Analog G.

ADCin6

Analog G. Analog G.

for grid
voltage offset

0Al: 0O0D0D0000O000OO0OODODDOOOOOOOOO

A2 O0O0O0OO0O0O0OO

gobobboooobobbooobbbooooboboboooooboooobobooaon
00000000000 0000000 A2000000000000000000 A3

245



Flywheel shaft

i‘haf\t 10 rU
> @f \‘Ii - 9H PIC16F876

Photo intrupter

0 A2 (000000000000O0O0OOOOOOOOOO0

CPU + LCD + analog output photo interrupter
for flywheel speed 8

refl,gctor tape

0A3 00000000000000O0ODOOOOOOOOOO0OO0O0O00

ggobbdoooobboooobobboooobbbooobbbooUbLbboooo
gboo lgbooboobooobooobuoobooboboboobooboobooboooboa
000 100000000000000000 CPUOODODOLCDOOOOO 12 bit
000000000000 (005VO409600)0000000000000000O0
000000000000000 A30D0D00O0OO0O0O0O0O0O0

A3 O000O000DOOOODOOOO

9000000000 DODO000d0dO0DOODOO0000d00DDODLDOO00OoOoooDooDO
00000 ONODODOUOOODODODO00ODoU0oOOoDoDo0ooODoDoo0ooooDooDOoOn
000 CPLD (Complex Programmable Logic Device) 0000000 CPUODOODO
0000d000o0oU0o0ooDoooo1oovy0oonDoOono A40000CPUDODO
0000000000 §=27/3000 47/3000 27 00000000000O00O0

246



ALTERA MAXII EPM240T100C5
TD62003AP/AF

UD—%

0 deg inD—lb—rDo?lD_AD* uo
120 deg inD—l}—D ,,__:D—:D_ b o U120
240 deg inI:>—l>@C _—D—:D— b- o U240

Emerg.[> b °<]‘

manuall > b-

DI

0A4: CPLDOOOUOOO0OO0O0O0O0OO0OOOOOOOOOOUDOO

ON/OFFOOOO0OOOoCPUOOOOUOOOODOOUODO CPLDOOOOOOOOO
OO0 CPLDOOOODOOOODODOOOODODOOY90DO0O0OOODOOOODOOODOODn
0000000000000 00000D00DO000oDoDoDoOooDoooCPUO CPLD O
O0030msO000000OO00O0DOODOOODOO0ODOD

247



HRERERE

(1) 000O. “20060000000000000000000007. Technical report,

(2)

(3)

(4)

(14)

00000, 2008.

O00000O0IEEED. ORecommended practice for monitoring electric power
quality IEEE Std 1159-19950 . IEEE Std 1159-1995, 1995.

000000 o00oOooon0. “co0o0booooooooooOooooar.
Technical Report 999 0, 00O 0O O, 2005.

0000000, “0000D00oodoooooogoogn?”. Technical Report
600 20,000000, 2005.

00oo0ooo. “000b00gobod”. Technical Report 46 0 30, 000000,
1990.

gooo,bood. bbb bbb oguouoooooooboboooo. o
0, 2002.

ooooo. “0CcCS20200 0000000 0nDoooonooooooooooog
00oooOo”. 0oDoooooooooooo, de0, 2006.

00000000 (IEC). O Electromagnetic compatibility(EMC)-Compatibility
levels for lowfrequency conducted disturbances and signalling in public low-
voltage power supply systems(IEC-61000-2-2)0 . IEC, 2002.
000000o0oo (JIS). 0000000000000 00o00D0oUDOoOO
0000o0ooOooooooooo (JIS-C-61000-4-11)0. DOOO0OOOOOO (JIS),
2008.
goo,ooo,bobb,0bobb. oo oooooo
0,0 90, pp. 94-98. OHM, 2002.

00o00o0ooooOOo0oDb. “0c00bbdo0b0o0bOoo0bOo0obOooooooao
0000000007, Technical Report 16-2-1, 00000000 OOOO, 2004.
O00oo0oDOoo00. oooooooooooo. oog, 1995.

o000, “0o00000000o0oODOo0o000oooO”, oooooog, vol. 1,
No. 106, pp. 17-29, 2007.

0000, “0000000000000007, 00000, vol. 127, No. 4, pp.
222-225, 2007.

249



(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(28)

(29)

(30)

o000, 0000,0000,0000,0000, “0000000O0O0OCDOOO
O0”, 00000, vol. 126, No. 8, pp. 550-553, 2006.

J. R. Sears. “THERMAL AND COMPRESSED-AIR STORAGE (TACAS):
THE NEXT GENERATION OF ENERGY STORAGE TECHNOLOGY”. In
Active Power, 2005.

0ddd. 0000 dd0dodOoooooooobooooooooOood. PhD
thesis, 00 OO 0O, 1998.

o000, “00000000000007000000 NASOODOOOoooo?,
000000000000000000000, vol. 128, No. 6, pp. 807-810, 2008.
00000,0000,0000,0000,000,0000,0000. “UPSO
NASOOOOOOOODODOOOoOOoOooOooooOo”. 002000000000
Ooooo,o1d, pp. 393-394, 2008.

O00. “000000000”. 00 200000000000000,0 20, pp.
191-192, 2008.

0000,0000,0000, “SMESOOCOOO0OO”, 00000, vol. 128,
No. 9, pp. 614-617, 2008.
O00,000,“0000000d0oDO0dDDOo0ooDoooooOoOg”, oooo
00000000000000000000, vol. 8, p. 4, 2007.

Ajisman, K. Yamagata, J. Kobuchi, and R. Shimada, “Study of Cooling Gases
for Windage Loss Reduction”, 0000000 B, vol. 120, pp. 478-483, 2000.
O00000000. 000000000000, 00, 1994. ISBN: 4-888-98016-0.
Ajisman. A Study of Loss Reduction of Flywheel Energy Storage System. PhD
thesis, 00O 00O, 2001.

0od. ooooooooooooooooooooooooooooooogo
OO0O000. PhD thesis, 000000 O, 2005.

00o000ooooo (JIS). 0ooooooooo JISG31010. 0000000
O (JIS), 2004.

O000. “0cb000b0b00o0ood0ooooooooooooO”. oooao,
0ooooo, 1994,

O0o000ooooo (JIS). 0ooooooouooooooooo JISB09050. O
00000000 (JIS), 1992,

D. Divan, “Power Disturbances and Power Electronics Equipment - A Major
Cause of Unscheduled Downtime in Large Industrial Plants”, IPEC, vol. 129,

250



(31)

(32)

(33)

(34)

(37)

(38)

(41)

pp. 717-723, 2005.
oooo,000,“cbdooddboodoooooo”,0ooooooooooan
O000o0ooggg, vol. 123, No. 6, pp. 679-682, 2003.

P.-T. Cheng, C.-C. Huang, C.-C. Pan, and S. Bhattacharya, “Design and Im-
plementation of a Series Voltage Sag Compensator Under Practical Utility Con-
ditions”, IEEE TRANSACTIONS ON INDUSTRY APPLICATIONS, vol. 39,
No. 3, pp. 844-853, 2003.

J. G. Nielsen, M. Newman, H. Nielsen, and F. Blaabjerg, “Control and Testing
of a Dynamic Voltage Restorer(DVR) at Medium Voltage Level”, IEEE Trans-
actions on POWER ELECTRONICS, vol. 19, No. 3, pp. 806-813, 2004.

J. G. Nielsen and F. Blaabjerg, “A Detailed Comparison of System Topologies
for Dynamic Voltage Restorers”, IEEFE Transactions on INDUSTRY APPLICA-
TIONS, vol. 41, No. 5, pp. 1272-1280, 2005.
0ooo,0000,0000,“00000d000DoDO0o0DOoD0oO0oOoOooDOooon
Ooooooooooo”,000bo0oo0oboooooooon, vol. 125, No. 12,
pp- 1153-1160, 2005.
0ooo,0000,0000,“00000d0000D0o0bDOoD0o0ooOooDOooon
0000000000”?,00000000000000000, vol. 127, No. 3, pp.
308-314, 2007.
0000,0000,0000,0000,000,0000,00000, 000
00000000007, 00000000000000000, vol. 125, No. 2, pp.
119-125, 2005.
godd,o0bOb00b0,0000,0DO0O0DO,000,0000,000040, “000O
000000000 DOO00oooooooooO”,Do0oo0ooooooooon
00, vol. 125, No. 2, pp. 126-132, 2005.
ooodo,b0000,0000,0000. “O00000DbOO0O0DOO00OOOODOO
000”00 180000000000000,0 10, pp. 591-594, 2006.

H. Zaitsu, H. Nara, H. Watanabe, M. Oobe, S. Sugimoto, R. Hatano, and N. Ya-
mamoto. “Uninterruptible Power Supply System Utilizing Electric Double-Layer
Capacitors”. In Power Conversion Conference 2007, Nagoya, Vol. 1, pp. 230—
235, 2007.

0000, “000000000000000007, 00000, vol. 128, No. 9,
pp- 610-613, 2008.

251



(42)

(43)

(44)

(45)

(51)

N. Kawakami, Y. lijima, K. Suzuki, Y. Yamamoto, M. Abe, Y. Tashiro,
H. Aizawa, H. Takeda, H. Abe, and M. Sato. “Development and Field Experi-
ences of Large Capacity Voltage Sag Compensation System using NAS Battery”.
In The 2005 International Power Electronics Conference, Vol. 1, pp. 445-449,
2005.

0000, “NASOOOOOOOOO”, 00000, vol. 128, No. 9, pp. 606-609,
2008.

I. Takahashi, Y. Okita, and I. Andoh. “Development of long life three phase
uninterruptible power supply using flywheel energy storage unit”. In Interna-
tional Conference on Power Electronics, Drives and Energy Systems for Indus-
trial Growth, 1996, Vol. 1, pp. 559 — 564, 1996.

C. Junling, J. Xinjian, Z. Dongqi, and W. Haigang. “A Novel Uninterruptible
Power Supply using Flywheel Energy Storage Unit”. In The 4th International
Power Electronics and Motion Control Conference 2004(IPEMC2004), Vol. 3,
pp. 1180 — 1184, 2004.

R. d. Andrade Jr., A. C. Ferreira, G. G. Sotelo, J. L. S. Neto, L. G. B.
Rolim, W. I. Suemitsu, M. F. Bessa, R. M. Stephan, and R. Nicolsky, “Voltage
Sags Compensation Using a Superconducting Flywheel Energy Storage System”,
IEEFE Transactions on Applied Superconductivity,, vol. 15, No. 2, pp. 22652268,
2005.

I. Ando, J. Shibata, H. Haga, and K. Ohishi. “Long Life UPS based on Active
Filter and Flywheelwithout Electrolytic Capacitor”. In European Conference on
Power FElectronics and Applications, 2007, Vol. 1, pp. 1-10, 2007.

0000, “00000000000007, 000000, vol. 80, pp. 815, 1960.
M. Mohd, A. M. Radzi, and M. I. A. Hakim. “Basic Design Aspects of Micro
Hydro Power Plant and Its Potential Development in Malaysia”. In Power and
Energy Conference 2004, Vol. 1, pp. 220 — 223, 2004.

L. Wang, D.-J. Lee, J.-H. Liu, Z.-Z. Chen, Z.-Y. Kuo, H.-Y. Jang, J.-J. You, Jin-
Tsang, Tsai, M.-H. Tsai, W.-T. Lin, and Y.-J. Lee. “Installation and Practical
Operation of the First Micro Hydro Power System in Taiwan Using Irrigation
Water in an Agriculture Canal”. In Power and Energy Society General Meeting,
Vol. 1, pp. 1-6, 2008.

S.S.Murthy, “Analysis of self-excited induction generators”, IEE PROC, vol.

252



129, pp. 260-265, 1982.

(52) T.F.Chan, “Analysis of self-excited induction generators using an iterative
method”, IEEE Trans.Energy Conversion, vol. 10, pp. 502-506, 1995.

(53) T.A.Lipo, “The Analysis of Induction Motors with Voltage Control by Sym-
metrically Triggered Thyristors”, IEEE Transactions on Power Apparatus and
Systems, vol. 90, No. 9, pp. 515 — 525, 1971.

(54) Kenly, L. William, Bose, and K. Bimal, “Triac Speed Control of Three-Phase
Induction Motor with Phase-Locked Loop Regulation”, IEEE Transactions on
Industry Applications, vol. 12, No. 5, pp. 492 — 498, 1976.

(55) D0O0UO0.00D000O00O0OUOOOO. OO, 2003. ISBN: 4-621-04155-X C3054.

(56) 0D0D. 000000000 O0ODODOO JEC-2137-20000000. 0000,
2000. ISBN: 4-485-95958-9 C3054.

(57) DO0OO0OO0,000, 0000000000000 ODO0OOOO0OOOUODOOOO
07,000000, vol. 61, No. 9, pp. 7-10, 2006.

(58) C. Chakraborty, S. N. Bhadra, and A. K. Chattopadhyay, “Analysis of parallel-
operated self excited induction generators”, IEEFE Transactions on Energy Con-
version, vol. 14, No. 2, pp. 209 — 216, 1999.

(59) 00D0D0O0D. “0000000000 DLCAP”.

(60) M. Mohd, A. M. Radzi, and M. I. A. Hakim. “000000000000000O
0oo0ooon0”. 0obDdoooDOoooobooooooooa, o SpPC-04-370,
pp. 31 — 34, 2004.

(61) oooo,0000. “00000000000000000000O0004d”. Tech-
nical Report 42, 00 00O, 2008.

(62) 0000D.“0000000000000000D0DO0O0O0000OO0O”. Technical
report, 0 O 00O, 12 2007.

(63) DO0ODODO0OOUODOOUOO. “0D0000000O0UOOOO”. OO 20010
339875, 2000. O O 2000-349600.

(64) 0D0DDO0ODO0OOOOOOO. “00000000O”. 00 20050 66794, 2005. O
0 2003-302239.

(65) OO OUO0OO0OOODOOOOOOOD. “U000U0D0DU0D0D0D0OODODODOOOOOOO
07, 000 6-285785, 1994. OO0 50 98828.

(66) 0000000 O0O0O0O0OOD. ‘0000000000 ODOOO”. 0OO
6-170691, 1994. 0O O 50 190774.

253



(67)

(68)

(69)

(70)

O000000dddd0ooopoD. “Ddddd0ooooooOo”. OoOod 20010
128574, 1999. O 0O 0O 11-315953.

F.Z. Peng and J.-S. Lai, “Dynamic Performance and Control of a Static Var Gen-
erator Using Cascade Multilevel Inverters”, IEEE Transactions on IAS, vol. 33,
No. 3, pp. 748 — 755, 1997.

O00O,0000,00000,0000,0000, 0000000000000
O00D0D0000oooDo0o0O0O0”,j0ooo00oooooooooO, vol. 125,
No. 4, pp. 372-377, 2005.

F. D. Wijaya, T. Isobe, K. Usuki, J. A. Wiik, and R. Shimada, “A New Induction
Generator Voltage Controller Using Controlled Shunt Capacitor, SVC Magnetic
Energy Recovery Switch”, 0000000000000 OOOO, vol. 129, No. 1,
pp- 29-35, 2009.

000000, “http://www.yamaha-motor.co.jp/”, YAMAHA MOTOR, 2005.
0000000, “http://www.jema-net.or.jp/”, JEMA, 2005.
000000oooo. “0bb00do0oo00ooo000onoooonoooaon
00007, Technical report, 00 OO OOOOOO, 7 2008.
000000000000000. 000000000000 (NEGA C201). OO
OO0 ODo0ooooooooad, 2002.

O0o0Ooo0ooOooooog. “oopboooooboa”. ooog 7-31061, January
1995. 00O 0O 5-193892.

od0dd. “0000do0oboooDOoO0OoooooDoO”. booOo,Do0O0oao,
2003.

00000, “000b0b0o0bOo0o0000ddd00ooooooooooooaa
OO0”, 00000000004, 2004.

O000. 000 (JEC-2130). O0O0OO, 2001. ISBN: 4-485-95960-0.

0000, “dd0d0pDoOoOo0o0d0d0oooooOoo00ooooooooooa
0”. 0000,000000, 2005.

254



HRERERE

Jobobooboboobbogd

(1)

(2)

ooooO,000,0000,0000, “O0000000O0OO000OODOOOO
0o0ddooooooooooo UpSy 0D0doO0o0oOooooooooog, vol.
127, no. 8, pp. 844-850, 2007.
0ooo,000,0000,0000,“C00000000000O00D00O000O0000O
ooooos0kWoODooooooo, 0obooooooooooooooag, vol.
129, no. 4, pp. 446-452, 2009.

Jobboobobooooooon

(1)

Shuhei Kato, Taku Takaku, Hideo Sumitani, and Ryuichi Shimada, “Develop-
ment of Voltage Sag Compensator and UPS Using a Flywheel Induction Motor

and an Engine Generator,” FElectrical Engineering in Japan, vol. 176, no. 1, pp.
74-81, 15 April 2009.

Jooogooboooogg

(1)

Y. Ashie, S. Kato, T. Takaku, S. Nomura, and R. Shimada, “Novel Application of
Small Unit of Flywheel with Induction Motor for Voltage Sag Compensator, UPS,
and Load Stabilization,” International Power FElectronics Conference in Niigata
2005, Niigata, Japan, 4-8 April, 2005.

S. Kato, Taku Takaku, S. Nomura, and R. Shimada, “Improvement of Electric
Power Quality Using a Small Flywheel with a Squirrel-cage Induction Motor,”
Electrical Energy Storage Applications and Technologies 2005, San Francisco, 17-
19 October, 2005

S. Kato, Miao-miao Cheng, Hideo Sumitani, Ryuichi Shimada, “Semiconductor
Power Converterless Voltage Sag Compensator and UPS Using a Flywheel Induc-

b

tion Motor and an Engine Generator,” The 4th Power Conversion Conference

Nagoya 2007, 2-5 April 2007, Nagoya Congress Center, Japan

255



guobouooouooooogd

(1)

00 00000 00000 OodoO OO, “c0bo0ooooooooooog
O00oOoOoooO0Ooo0ooooooooooy 00 1le00DOOoUoDObDObOOoOO
O00,000000 20050 10 290,SPC-05-25.

00 000Athari MohammadOO OO OO OO0OO0OO0O00O0O0O, “000000000O
goo0oooOo0oooOoooooooooOoooogoy 00 8OooOoOooDoooo,
Oooobooo20060 30 150

00 000 Athari MohammadO OO 0000000, “000000000000
000000000 0DO00ooOoooooooo upSO0O, 00 1800000
O00000D00,0000000020060 80 230

00 0O00Miao-miao Chengd 000000000, “O000000000O0000O0O
O000oO0oOOoO00ooO0o0oooooooooooooo, 0D 19ooooogo
O00o0Do0O,000000 20070 80 210

00 0O00Miao-miao Chengd 000000000, “0000000000000O
0000000OOo000O00oooooooooooooooy 002000000
O0oO0o0ooo0o0,0000000 20080 80 290

oo

(1)

O00000000000IEEJ Excellent Presentation Award

00 0O00Athari MohammadO O OO OOODOOO0OO, “O00000000O0O00O0O
00000000000 ooooooooooo UPSOOO, 00 1800000
gooooood

256



L] [

gobobboooobobbooobboooobobobooooobooooobobooaon
ggoboobobbbodooooobbobbbdooooobD bbb booooooboobo
gobobooooboboooan
gobobboooobobboooboboooobooboooooboooobobooaon
goboboooobobuoooobbuoooobbboooobobbooobbboooboo
gooo
goobboooobobbooobobboooobobobooooboboooobobooaon
gogobobbodoooooobobbbd oo bbobobobooooooooboo
gooboooon
gooboooobobboooboboooobobboooobboooobLbooon
U0 bodo obobogooboboooobobbooobooboo
goobboooobbbooobbtboooobobboooobboooobbboooo
0000000000000 0D0000000D0 D000 O0o0oDoO0o MERSTech
gobob oodgb boggoboboooobbboooooboobooon
ooobooooboboooobobooooobbooooboboooobobooon
g U UUUYUYL g
gooooooooo
goboboooobbboooobbboooobobooonoobooooobobooon
oo oboooooooooodddddldddlddoUUgL ¢
g0 boboboogooooobob bbooooooobooboobbooooooooboobooboood
ooobooooooo
ggoobboooogoobboodoouobbbooooooobbboooooo
uooboodno bodgoooboooooboooobboooobbooo
O0O0ORIEXO0O0OO000O0O000O0o0O0d0oo0oooo0ogooogooooooo
goboboooobobuoooobbuoooobbooooboboooobbboooobo
uob b0bood oobob booooobobobuooooobbboooo bbb ooda
0000000000000 000DO00oc0Do0o0boD ooogd Jan Wik 00O
gobboooobboooobbuoooobbooooboboooobbboooobo
goboboodooobuoooobobuooooboboooobobbooooboboooooboo

257



ggoboboobooooobbbooobbboooobbbooo bbb oo bboooo
oo0ooooJr-e0000000D000D00D0O00000O0DbOO00D0ODO0OODOODOOD
ugobobdoooobobooooobobuooobo bboo bbb Cobbbooooobo
gogbooboooboodbbodbbobbooobuooobooooboooobooOon
gogbbooobb obob bboboodobb obb bbooobobboooobobood
000000000000000000 U0 0000g 0od OdMohammad Athari O
ugooooon
ggobbooogboboooooobuoooobbooobobbooooboobuooon
ggobboooobboooobbtboooobbbuoUbDbb0 boobbboooo
O00Odoooooooooo1kwooooooooooooooooogogon
000 Fransisco Danang Wijaya OO0 00000000000 OOO0OOOOOOOO
ggob booooobobbdoooobobbuooooubbbooUobbbbooooo
ygodddddddddddoddddddUUlUUUUUUUU U UUud
U goobobbooooooooboboobboooooooboooboooooono oo
U dobbbdoduo bbb bbb bbdooUbobD bboo Doobo
dodoooououooooooooooooooooooooooooon oooo
gogobboooobbooobobobboooobbboooobbboooobobbooon
ggogobooboobobooooooobbobotbodooooobDbobbboou toobob o
ugoboooooboooobobuoooobbuoo bboooob oo boOoo
godobooooobobooooobboooobboooobooooobobooon
ggoboboboogoooobooooooboobbooooobb -obbbooooon
gogobbo -gooobbbooooboo
ggobbdooobooboooooboboodobbooobobboooobLbobooon
gogooboogobooogod

258



002000 000000 0000
gooboobodgboobobabobogboaooood
goobdobodooogbogn

OO0 200 120 260 O d 0o 1 000
o0 210 20 20 OO0 0o 2 0000
0021030110 OO0 O 3 000

ggon
ggoo

o 0O ugd oo
udn ug oo
odn ogd oo
odn oogobobo ooboooo

0152-8550 000000000 2-12-1, N1-33
oooooobooooooobooo ooooo
00 (03) 5734-3328
FAX (03) 5734-3838

odn oo o
odn ggobbooooboobod

© 00 00 2008 O000oooooo
PRINTED IN JAPAN




ggoo
020050 110000000000DO00O0O0DOO

ggon

00560 120
OO0 120 30
oo160 30
00180 30

o0 40

ggooboooonoo
ggobobooooooobood oo
ggobobooobobobood oo
ggoboboo ooboobod
ggooboooo ooob od
goobobo oobboooo
ggoobboooo bboo oo



