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A Nozzle area [m?]
a Thermal diffusivity [m?/s]
B. Biot number (=Ar/2) [-]
@) Absolute velocity of turbine nozzle [m/s]
D Diameter of turbine impeller or rotor [mm]
Eper Residual unbalanced radius of turbine rotor [mm]
F Excitation force for turbine rotor [N]
G Process mass flow rate [kg/s]
g Acceleration of gravity [m/s?]
H Heat transfer conductance between inner

/ outer tube of the cold accumulator [m?K/W]
h Specific enthalpy [k]/kg]
him Turbine inlet specific enthalpy [k]/kg]
hout Turbine outlet specific enthalpy [k]/kg]
hy’ Specific enthalpy of tank inlet [k]/kg]
hinand Ay Heat transfer coefficient at inside and outside surface [W/m?K]
Joand Y, Bessel functions [-]
M Unbalanced mass weight of turbine rotor [kg]
Mg Hydrogen refueled mass [kg]
Miear Internal leak rate of bearing gas in Fig. 6.20 [kg/s]
m Mass flow rate of hydrogen (conventional case) in Fig. 7(a) [kg/s]
m’ Mass flow rate of hydrogen (new process case) in Fig. 7(a) [kg/s]
my Mass flow rate of bearing gas in Fig. 6.20 [kg/s]
me Mass flow rate from equalized line in Fig. 6.20 [kg/s]
m, Mass flow rate of turbine in Fig. 6.20 [kg/s]
N Turbine rotation speed [rpm]
P Pressure [Pa]
Pin Turbine inlet pressure [Pa]
Pour Turbine outlet pressure [Pa]
P Pressure [Pa]
P, Turbine inlet pressure in Figs. 3(a) and (b) [Pa]
P, Turbine outlet pressure in Figs. 3(a) and (b) [Pa]
Q Heat in/ out at the tank reservoir [W]
R Gas constant [k]/kgK]
r Radial coordination at the cold accumulator tube [m]
s Specific entropy [k]/kgK]
s Laplace operator (=s= ag®)

(or specific entropy in Figs. 3(a) and (b)) [-]

Sin Turbine inlet specific entropy [k]/kgK]
T Temperature[C][K]
T, Tin’ Inlet temp. to cold accumulator

or turbine outlet temperature in Figs. 7(b), and (c) [°C]
Tank temperature in Figs. 7(b), and (c) [°C]
Outlet temperature of cold accumulator [°C ]
Cold accumulator outlet temperature in Figs. 7(b) and (c) [°C]
Calculation time in the cold accumulator unit [s]
Peripheral speed of turbine impeller [m/s]
Unbalanced moment of turbine rotor [kgm]
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Greek symbols

Oin

DY =

Subscript
1,2,3

L=
N

Specific internal energy inside tank reservoir [k]/kg]
Eigenvalue [-]

Expansion ratio of turbine [-]

Turbine adiabatic efficiency [-]

Temperature (=7"- Tu) [°C]

Temperature ( =75, - Tou) [°C]
Adiabatic index [-]

Thermal conductivity of tubes [W/mK]
Joule-Tomson coefficient [K/Pa]
Density [kg/m?]

Calculation time in process simulation [s]

Rotation angular velocity of turbine rotor [rad/s]

position of inner and outer tubes in Fig.4.5
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Initial Construction Cost of Hydrogen Refuelling Stand in Japanin 2016

Total 460M(JPY)

= Civil Construction

® Equipment Construction

® Piping Construction others
= Dispenser

= Pre-Cooler

= Accumulator

® Compressor

Unit: M(JPY))
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Setting of initial conditions and dimensional conditions
Initial tank pressure/ temperature, Tank volume, Inlet hydrogen pressure/ temperature, mass flow rate, etc.

| P2

IS
[A.] Expansion Turbine Unit _(Calculation of turbine outlet condition at time = 1)
Setting outlet pressure, mass flow rate , turbine efficiency, outlet enthalpy and temperature is calculated.
I
B.] Cold Accumulator Unit (Calculation of outlet conditions from cold accumulator at time=rt)
Transient heat transfer calculation [8], Outlet temperature is obtained.
|
[C.] Tank Reservoir Unit (Calculation of refueling at time=rt)
Setting supply pressure/temperature, mass flow rate to the tank, Tank pressure/ temperature is obtained.
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Table 4.1 FEEFHESMHE

Hydrogen supply pressure : 82 MPa(G)

Hydrogen supply temperature : 30 C

Turbine efficiency (averaged) : 65 %

Compressor efficiency(averaged) : 33 %

Turbine flow rate : Calculated from Eq. 4.2

Accumulator inner tube material and diameter : | Cu Di 3.0 mm, Do 6.3 mm

Accumulator outer tube material and diameter : | SUS316L Di 6.3 mm, Do 14.3 mm

Accumulator tube length : 4.0 m

Accumulator bulk temperature : 20 C

Heat transfer coefficient of inner tube (inner | 40,000 W/m?2K

surface) for accumulator :

Heat transfer coefficient of outer surface (outer | 10 W/m2K

tube) for accumulator :

Tank volume 150 L (Gas contact surface is made of
SUS316L)

Initial tank pressure : 8 MPa(G)

Initial tank temperature : 20 C

& 5RO 1501 1ZBR O 7 5 2D FCV #fiOEER R/ EE LTS, VAT LD
BRI 2 b— 3 VRMAEE, KRR MEIC Y 7 OB R, BT U AFE ATV, XU
WOES DS 70 MPa |ZE52E L7 RS CRERRR T & LT,

VR a2 b—va VEHERER O #AE] A Fig.d.6a, Fig.4.6b, Fig.4.6¢c (Z/R7,

figgak & — & v SRR T Y AT A DBHFEISE
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FHRD 23 g/s T HERENZ LD, X7 ONEIEIN 70 MPa (ZBI5ZET 5 REIE MR 203 5
B 7o TWND, ZOHX 7 WENX 70 MPa lZ#3 % £ TORHROIRE 28,73 Fig.4.6b, Fig.4.6¢
& 725, Figd.6b 1 I&Fm#nA V.| Figd.oc TERHRMELOLETHY , i, B Tk HK
OFERBOFL L TV D, BUROFTHE T v b 2/ 5 12id, Emasd VT (Fig.d.6b) % v 7 ~D
HAEH RIRE Z-40° CLL FIZ FiIF a7 ot A EOHBENRLEIZ/ - TL 208, [FRICKE T 1
N I UAMRIRIC IR ST 2 L 2 M8E L CEGRE L oGS (Figd.bc) Zxtt L7z,

Fig.4.6b, Fig.d.6c L&, ¥ 7 NI AREIZ, BUROFIEK O ¥ o7 EIRIRE Téh % 85CLL
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FTCREZZETTHIENTE S, WiRY —EORNPHERTEIUL, R —bEXT L7
=T RERTAENRFREFETHLZENE XD,

#“inan W O%E O Fig.d.0b IZB W T, sEmanah oIl B W TIEEEIIH RS — b o
IR T ZITIRERFN S, # o 7 ~OUGH ZIREIT-40°C A2 TRIS, 7o k2 /L0l
JEHRIPAN TH > 7 A~ H A B MG D Z L b D,

TFRICBWT ORI BIEL, BABROME (Fig.d.6c) DL TINRI AT A THY | il
BHEOBAX LT, BWICHIEED L VD VAT L& IET 2 Z LN TEX RN E LN,

PRIz, FCV S RKEW M LR COKFERBEAEEIT 4 H/h & SnTnsll, Figd.6b @
FEIEERRSE T REOZE M e DRI 3~4CTH B0, KIEFHE £ TOA v & — LI £ TORM
W28 ZETCIRENEMIREICES 22 0FHH OtR) & ORBEICL D, KIZ 3~4CTOREEN
B L CHREEIE AT 7238 T, ¥ — U ANREBREIC L E a5 &4 ABHIE LShs
H O ZIREN-40CZE FRIL WXL IICTHZ EITARETH D, £, EFLOBRORE 2 KS
T 5780, FBRBMOHHERRE 2D —EIREIROTRORGT 2 LEND 5.
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5.1 1ZUdic

3 EOMME, FAEOY I ab—va URERICESE, lEY - RT L — T e
T ADHINEE FER— A TOEEEITI D, Fillgky—vr, 774—r—7— En
PEOBRMEEAT o T, AT TIX, M0 TRIE L 72 EEHERICBIT 2 FHE B 2 b Ic#i 4 5,

5.2 RIEB L OTERIEOBRBIIEAT »

RO B TH DRSS — B R\ KERIE Y AT AOEBUANT T, b EEHE
g T DKBIES — v BLOT 74— — T —ORMEEIT 512, RIROERIZ, 2 b D
BT 2 CICRUESEN O E IR & e D7, BE L RBR A4V IR U Tl RIS K
FCTORBRMD AR LNV ETHEDTET,

FrlZ, ABEIOKBERS — 034 T (BE) B9 ¢ 10mm F72iE ¢ 8mm TIEF M
ﬁ%mf%é:kZWZHQNOEmm@%@@%kﬁék . B AEEZ L L CRERR O mE RS A
PR RN TRE HE CHEAZET 30 BUNRRED) b [AIRFICER S D,

BERSEIZIE, Fig.5.1 12" & 9 AT AR A > MMTFgE & T RZHAQ TV & | 225U L D[R]
HRARBR 2 #h 0 K9 Z & O, RIEICBIT 2 B EM R O A M A D T T o 12,

Fio. T 7= —F—IZF L TiE, 82MPa(Q) UL EOEEAKFEZMENEAZH I EH LD,
mIEA, BHo, 3 v )7 N RBGREROAFERI OMSI 2 B L L CRIER T - 72,

@Development of Industrial Productive Technology for Micro Scale Hydrogen Turbines

[Processing and Manufacturing]

[Assembling]

Development of Productive Technology of
Machining for Microscale Impeller (¢ 10, ¢8mm)

Technology Establishment on Dynamic

Development of Productive Technology of
Machining for Microscale Turbine Rotor

Development of Productive Technology of
Microscale Gas Bearing System

i

r Balance Correction Method of Turbine Rotor

Technology Establishment on Assembling and
Gap Adjustment of Gas Bearing System

[Testing]

v

Technology Establishment on Procedure and
Measurement for Mechanical Running Test

@ Development of Industrial Productive Technology for High Pressure Turbine—Aftercooler

[Processing and Manufacturing]

Design Establishment on Capillary Tube Type
High Pressure Hydrogen Heat Exchanger

¥

Technology Establishment on Bending and
Assembling of Capillary Heat Transfer Tube

[Testing]

v

Fig.5.1 WEX—vE o BIOT 74— —

Establishment of Pressure Test and Airtight
Test for Hydrogen Heat Exchanger

—DORIEBIFEMIEDR A > b
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M, BIHORRIC, BHERESEDLI THHOES —E A 0 RT—IZR LT, ¥—ErA
VARG — RN T T ar Ly — A U RT —TRIC R AT HE OO D a
7Ly —HRTOFEMARRBRREETIA LT\ b,

5.2.1 EZ —v L R/E

ARBHFAFFEC I TIE Table 5.1 1277 7 Bt (F'm b2 A 771 ~VI) OAEELR T, mdE
RS FIBEZ2 /ML DK EIE X — B OREZ ER T o 72, BEIIZIE T e b ¥ A4 72BN
THZMRZE AT KD Bk ElERER I 2 3\ C L [E4K 70 U5 rpm (2 T BRI Al RE 7/ NRUEZR # — &
Y ORUWE, MNIHAN AWML T 5 2 ENTE T,

Table 5.1 IR THRIEOBEBEIZBNT, 70 b2 A 7 1T ~IVTIEEILA T E2E DT M)
A RSCER b O BRI | M HAN, FHEIR 2 /S L Chvofo, Zhb iz a v ¥ A 7V, VI,
VI C i COLEREAMLIZ [T T ORI ZED TITo 70, WTHORIEERFICHE N T,
B4 — B ORI R ZE U X D RIRaER 2 520 L, X 0 @l Rlisik coR et % B
AL, RZHEAQ T -T2,

5.2.1-1 [iEX — b v O Ef a0 F2H],

Ky —v I Nels A (F 207 Vil © ¢ dmm) ZEER CTRERRTT 5700, T Al
EEBRHLTWDED, 7'a hZ A TIVETOERETAT R MU Aghsz Ofil, Beft & 2% L
TW5b, £Z T, @EKBHTAFMHETORAT A FIIEHK 45N & FRISATWD A, ZOAT R
N RE L TIRFFT DRRPLE L feofe, T, KElisifa s LT, v b4 7V
LIREIZA T A Nl EZ 2V E COBEN A1 6| #ET A ICE T Uiz, 2, »
FECTEBEOH LAY U LAHOIESY — L TOFREN Az BB BT L AT L, 2
AUTHN %, BIERR O TR EE S sh Bt X 0 [EHsaR05R C o @il 22 E R R I3 ARk 2 122k LT

oko

W, 7T NEZEE 0 ¢ dmm ORI T 70 7 rpm (Eﬂn"%':“/;) DEERIE. KFEHDKE
TITHAMIZ AT HHIAELS | DN fE=280 J7 rpm » mm [, [ZIE LD TO Eﬂz o TN
50
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H5H RS —EUBLOT 78— — T —DORIE §\\T/Z UK
Table 5.1 [EiEX —t o OKRIEEPE T O EEALEE
Oct. 2017 Dec. 2017 Mar, 2018 Mar. 2018
o Parts Specification Prototype I Prototype II Prototype Il Prototype IV
1 | Impeller, Nozzle, Original, Original, Original, Original,
Fastening method Tension nut = Screw type Screw type Screw type
2 | Radial Gas Bearing 4.0 mm 40mm = Adjusted Adjusted
Diameter (as No. 6) (as No. 6)
3 | Radial Bering Length (one side) 2.9 mm 3.9 mm 3.9 mm 3.9 mm
4 | Radial Bering Span 4.9 mm 8.5 mm 10.5mm = 8.5mm
5 | Ring Foil Diameter 4.1 mm 4.1 mm 4.1 mm 4.1 mm
6 | Radius Gap of Bearing 50 um 50 um ==p20um,10pm,5pum 5um
(49.5~50.6pum) | (49.5~50.6pum)| [Rightand Left] [Right and Left]
7 | Foil Spring Type (Protrusion) 8 Pt. X9 Co. =912 Pt. X 9 Co. 12 Pt. X9 Co. 12 Pt. X9 Co.
8 | Foil Spring Thickness 0.05 mm 0.05 mm 0.05 mm 0.05 mm
9 | Thrust Collar Diameter 8 mm 8 mm 8 mm 8 mm
10| Thrust Collar Thickness 2 mm 4 mm 6 mm 4 mm
11| Thrust Gas Bearing Type Dynamic DasType | Dynamic DasType | Dynamic Das Type Dynamic Das Type
12| Surface Treatment DLC:1~1.2pm | DLC:1~1.2 pm DLC:1~1.2 pm DLC:1~1.2 ym
13| Mass of Rotor 216¢g 241g (291¢g) 3.06¢g 291g
Jul. 2018 Aug. 2018 Dec. 2018 Feb. 2019
o Parts Specification Prototype V | Pprototype VI Prototype VI Prototype IX
1 | Impeller, Nozzle, Original, = Modified Modified, Modified,
Fastening method Screw type Screw type Screw type Screw type
2 | Radial Gas Bearing 4 mm 4 mm 4 mm 4 mm
Diameter
3 | Radial Bering Length (one side) 3.9 mm 3.9 mm 3.9 mm 3.9 mm
4 | Radial Bering Span 8.5 mm 8.5 mm 8.5 mm 8.5 mm
5 | Ring Foil Diameter 4.1 mm 4.1 mm 4.1 mm 4.1 mm
6 | Radius Gap of Bearing 20um, 10 um | 20 pm, 10 um 10 um, (20 um) 10 um, (20 um)
7 | Foil Spring Type (protrusion) 12 Pt. X9 Co. 12 Pt. X 9 Co. 12 Pt. X 9 Co. 12 Pt. X9 Co.
8 | Foil Spring Thickness 0.05 mm 0.05 mm 0.05 mm 0.05 mm
9 | Thrust Collar Diameter 11mm ==p 16 mm 16 mm 16 mm
10 | Thrust Collar Thickness 4 mm 4 mm 4 mm 4 mm
11| Thrust Gas Bearing Type == Static (root Static (root) == Static (Hole) Static (Hole)
12| Surface Treatment DLC:1~1.2um DLC:1~1.2um DLC:1~1.2um == DLC. or WC.4+Cr
13 | Mass of Rotor 3 g (approx.) 3 g (approx.) 3 g (approx.) 3 g (approx.)

Low Pressure

Low Pressure

Low Pressure =2 High Pressure

figgak & — & v SRR T Y AT A DBHFEISE
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5.2.1-2 iEX—E D 3RILA T DI
IO X 22, WiEY —E v OEE (1 X7) BiTHEM ¢ 10mm 76 FfEAIIZIE ¢ Smm
FCUREEDTETCND, Figh2 IZ¥ —EVHEH (f2T7) ONTEERZRT, BIK
IFHERDANY T L Z—E U EDA AN TPRIBIRREFIEZ R AL TS

Fig.5.2 ME#—vr#iE MNTHEE (4 : ¢ 10mm, /£ : ¢ 8mm)

@%&—Eyf$®MI&ﬁi R EE 2 T B & 5 TR (0 0.2 RN R— L=y | 3
)R EREE LT, IZIEA BT OB TH A2 REST T2 = & A8 k7=, I TR & 4410 65%
UTET%%én iﬁm 72 3R b TSR & & 2 B,

£ LT DM R R TR AT 2L INCTit 2 5 5 MR R & LTF 7 A
£(Ti-6AL-4V) & LT %, ROWEAHIRNAESIZF 52 & T, ¢8mm O T Tk L
T, FROBH 12 B TS5 = & b kT (Fig.5.3),

Fig53 WiEs—Ey FEE/ ZVBREE

fggak & — v v SRR TR Y A T A DPFENIFE
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5.2.1-3 ik Z — b DOERKRI X O Afilise ORIEZE H

iR & — & o B & [aldsih A KL G o W o [EHR R O eIk & Fig.50 127”7, Fig.5.4 O]
BRI, AR —E A T — (hMEo8mm) | Az T Lyt —a T —(x
A ¢ 12mm) L 72> TND, A T DOEIBIR, BIMUEIT v N ¥ A FVITREEEZ1T-
Too FIRFICZ 8 R 2 A TVILIRIZZ NG A X ICEDbETH—E U AN AR LU=
YTy —HAT 4 7 2a—PRIRBEE L TW5, Fig5.4 [ ZRT X 9 IZEHEAD FLERT ¢
lomm, B 4mm DA T A M T —%\F, ZOWEIKE T A EICEKE S AT AT
ZZTAT A NAFRMORFEPTOND, REAFIZIHBW T, UUNIEREER T A Milisz

(AT w7« T—r3—+ T R) &L TN, BEIEHEREER 3\ C dl el szl © o fhs
HOBEENEHET X e oTe, 07D, v A 7VEURFFEEXEZSH, #HEXNA T X
T Az & LTCWD, AT A Nz O EZS & Fig.5.5 (2”3, Fig.5.5 [Z8B\W\ T, il
S AOWEGITE LT, 77 b2 A7V, VITIEEEREREA (¢ 4dmm ONGLE) 725 O
. 7a N AFVIBEIL, ML D0 2 AR E Uiz, AT A NEH ZAMFL( 6 0.3m
X6 ) OAE, [EHsHCfl S ¢ 6mm OALEIZE L TV 5,

[EHARD AT A ST T —O AW OB (¢ 4.0mm) (27 7 Vil (BT 2%)
ZEELTWD, ZVTNVOHAMZOMESL LTIX, ~NVULAF—ETT A NT 4 TN
v R ([A#E$ 23 75 rpm) ORUWESERE LD - 72058 B IR DMRN R 720, T 4 VT 4 2 7%
v ROMSNLIZREEM: 21 O 72 D BEEEMNLITIZM )R, F 2 TRY — B TILfRROAEENE S
ZIE LT, MR < ARSI A S e B MG S LTz,

B 7 a b &2 A VN2 3Tl Fig5.4 1R RIESARO E I3 3g & 2o 7,

Thrust Collar

Compressor /
Side S e
1

Turbine Side

Radial Gas Bearings

Fig.5.4 MiEx—v > [EERE
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Dynamic Gas Bearing Static Gas Bearing (Root Blowing) Static Gas Bearing (Nozzle Blowing)
Prototype I ~IV Prototype V,VI Prototype V,VI
(ElREAR A L) GHlFL2> & Ol 0 A B 6mm)

Fig.55 [EX—tr AT X NIz OZER

5.2.1-4 [IEZ — L O AN [ O

KA —v v ohlfs @ EER T BRI L DR E TR Z B D IEERRETH 58,
FLEh « R IEREC, B O ) NE U RAICE, EBFEENEMT D, B, AX—trr o
[ fRE A B B 5 72, (SRR T O 7 Vlihsz (TR e S OfE) & 72 D, E -
RF%E D[RR MALIE] D BRI, AT A N T —mPHEFICEMT 22035, b Ol
ZAE LT R R, F 7 I m R AR R O sz i R OBLEN D | RIS 7 A sz AL 0%
JE\ZHEE & BF DA AN 23R 1T o 72,

W), B TOEMEICARYE Tz DLC (Diamond Like Carbone) % [lfiz#ifiod =
CT NV ERBLOAT A AT —HEIZ, EES 1.0~1.2 u m FHEFEEAZHE L TRIESRER 6
AT,

DLC i, 77 X~ &l (PVD)IC TR S v, RKIEORE S 1X HV=1200 f2E£ (272 -
72. DLC % it U 7= fHS2 R D & — B o [aldgih 2 Fig.5.6 1277,

Fig. 5.6 DLC(Diamond Like Carboﬁe) LB ZAT o T [alfisiR(7a hZ A4 77 1)

fH L. DLC EDMMERAEE L 4220CRRE TH 572, AZ —E D X 9 7 s R A Ha R

fggak & — v v SRR TR Y A T A DPFENIFE
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DEEARIZ IR 2 DAV, HefiliRy o0 S O JEhEIL, BN 70 75 rpm KpZ T,

40 3
S oL . U = N = 3P0 a6 [m/s] (5.1)

60 60

8.0 3
DN 3,147, 5X700%10

_ - a . _ mON _
ATANDT—w5HE . U = - o

= 292 [m/s] (5.2)

272572, s OEB) T R /L — PN EEEE A S i, — BT DLC IR D3RR SR
EThHs420CEBATLE 9, £7z, DLC BB RDUEMEN T & A EENDITRHF & Offi
EENPRKETELHZ D, REHRERICH L THWI EEH D | AY — B ORixehER
WELFEE L CEA S THho T,

DLC QL% U 7= [E#s R O Mk IR ER 12 36 1) % $fil s o0 B e {5 % [¥] Fig.5.7 1R,

Fig.5.7 A A Nz oO#mEg (7o k& 4 71)

ZOMEERIET 5720, BEEHNIH L TH v 7 AT =34 F(WO)IRE % Sk
AT O T & O R OM AR (HV=1200 L\ k) Z 37,

ZIE R, FEEAH RO B Y ~HE EOBER TR 2 2 & 2D HERT 2 BN G,
[ERR DA OFYOFRINEZ £10 p m DIN, BLOEEER L 2 F 2 N T —OEEEZ 90° £
0.03° £ THEZ LT 7N T &4 LTI TE21T o7,

ZOEHEHID AT A N T —ITHXT D AT A Ml EIZIL, REMEBENLO%, #E 7 =
LA vF Ov—FKIabRAvF) ZiiL, A7 A MNEGORAEIREEZRALTND, AT A Mlisz
DO AN L U7 7 v b A T O3 HV=800 2 & L, [ElEE#ED % o 7 AT
J1—3A R (HV=#1200) & OREEE %5 EICHERT 2 L oLz,

FER. RY—E L OH AMZHORHLELOMAG D E LT, BlisihRE=4% > 7 A7
T =3 REFHIEMT., A7 A NS H=E 7 2 LA vX L Licr — A0 b liE O
R DG L TR TH D Z &N oz,
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5.2.1-5 WEZ —EUREMAD X A F X v 73T U ADEIER X OMREFHA O3

AAFFEBRFE DIKF R X — & D X 5 2 EnR R A 1T 5 [BIEARIC DWW T, R AT
DEAF I I RT U AEHRENICMZ D BREIEEZITHONLERS D,

DD, K70 M2 A TORES — L ORI, EHONT v I~y a2ER L
THEAFT IV IDT N T U AR R/NIT HIEEEZTT T,

[El#5%5 120 J7 rpm DM THA S D FRBEAREIE V& eper [ 1 m] 1% JIS-B0905 (12 LY GO.2
JITAETDHE epr =1.591X10° mm L7025, BHAARSARERED 3g. 7 V7 WIS I L 2
r234.0mm THLHOT, ZAIZEY, FREEAEIEN Upe E RHIGWVEE MITULTFDO X S

(272 %,
Uper = €per+ m = (1591 x 1073) x (3.0) = 4.77x10° [g+ mm] (5.3)
M = 22 = (477 x 1073)/(4.0) = 1.19x10° [g] (5.4)

bbb, FHMEERE 4.0 mm TRT A ALY S TEORBEWVERE M I3,
FAENZENT L1 mg U FIEETEIRNI &2 5,

AHFFERFE TIE, 4.0mm &) B/NIORERIKRZ %G L3570, BN TR b /MO
BORELROT T U ZABPFHIITE S Y 7 MEEROART v <o o2 A L, 81
ARG VEE MU T DIEEIEE LT T, NT vy Ty U OEERIE Fig.5.8 12w
R

Fig58 NT v T=y i D84 F 2 v 7T AEER

TONRTG T EHWT, EBRICEHNARAREAEVWEDEEEZIToT-7 T 7 %
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Fig.5.9 lZ"7, 7oA77 U Z2EOFHM ARG mEEITIT) 2 ERLVEELVLA, A¥—t
VRSO EE F RN 3g LB, M T ORFERE O BIR A O FlEEENE 5,000rpm (2
T ZIT> T 5, Figh9lRans Loz, #—v il Otar 7Ly —fllé bz
BEILZI0ERREDOT N7 U ZEET, IR AIEVELZTABIETH D Img L FET
MzATeZ EBXHR TN D,

Proto-V  Rotor No. 3

=
o)}

— 15 -

314

E 13 4 —e—Unbalaced Mass (Turbine side)
12
1 Unbalaced Mass (Compressor side)

%]

§ 10

s o

Y s

S 7

= 6

c

S ° \

2 4 "\

E 3

S 2

(a] 1 W\
0 ; ; — — —— — —

T T T T T T
0 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20

Adjustment Number of Times

Fig. 5.9 ¥ —bEUEEL XA F I v 7T U ADEIE  F:4)

W, RIEOIE Y — & BROIREIGHU G A 7223, BESRE AR/ N TH D720, i
E, R Y —(F vy TRERERR) 2 B T DA NERHE TE RN, Z07
O, RO X —7 Y N u—T &AL, ZnEREEHE OB AED X —
7y b & LTCREBHOIRBOFHI A THDL(Ta N¥ A T U~VD), ¥—5 v b T r—70
WA Fig.5.10 12777,
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Bearing Center n

L -
) = Eddy Current
- — - Gap Sensor
\?

| ® k Vibration Sencor
Lf :

TR
_3 1k

Vibralion Cenler
Target Probe

"0 4.25mm 18‘,1mm for Vibration Sencor

Fig.5.10 [k # —vr  RESREGHHORA (¥ =7y b7 r—=7TEIR)

Protoytype VI  (Sep.-2018)
I I

400 I I 1
—@-Compressor Side Vibration (Left Axis) /’i L oo
= 350 T Turbine Side Vibration (Left Axis) ‘/ I
= 300 -] --m--Vibration Force (Right Axis) 08
= ' Lo =
5 250 £ -
o 7
- Fr06 o
: Al :
2 200 05 L
o - ‘/ =
E 150 C Pe 0.4 E
c i L2
o / 03 =
"é 100
o L 0.2
>
50 L 04
0 Mm---E i | 0
0 50,000 100,000 150,000 200,000 250,000 300,000 350,000

Rotaion Speed [rpm]

Fig.5.11 k¥ —vr  [RIESEIREREFHHRR (B1)

IRENOFHHEER] & LT Fig.5.10 ORI RT 7 1 b & A 7 VITOMMRIAERAERRF O SR Eh 31
Bl % Fig.5.11 1279, Z D & X ZEHEEDHI 23 5 rpm F TIEREHRIE I XIZIELE L TV 5D
25, 25 75 rpm L EOFEIL TR IREIRIEAME R L T\, E72, Fig5.11 (i, AiHO & A
FI VI TUNRT U REEMMMAE LI E LEBAORHIENRIZE DNHES Fu (X 5.5) 2%
EiE TR LT\ D,

F, =M r- -w?>= M'I"(ﬂ>2 [N] (5.5)

60

Fig.5.11 |2 &k % & FHAI S U2 381, 20 75 rpm LLF ORI [RIEEFEEIC ) TEREE W
EIC XD IIETI OIS L TWARWNWZ &b ZORETTTICH Az & Loz
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FEENEZBZTLEI ZENEBEZLND (14, :@@%%@ﬁ%F@LFEW®%ELi%SO
Trpm ThH D) . HAfZE L TOMZAMRENZEBA TLEIHERNE LTEL, T A=
%%E(%%%E}ﬁﬁﬁg)_uéﬂﬁb\EE@ﬁX%iTKW&&ﬁofwé&%@é
i,

IRENFHIFE RO FFT T AT o728, IREV X — 5y N u—T %25 5 2 L B,

HR IR D FER D fERRHEE 2 1T 2 H I ﬁé_tLMK\E%%@%ﬂﬂ@%%%bﬁﬁﬁ@%
BAEBMTERKE 2D EHHA L, #-TC, v b2 A IVILIETIHEE X — 7y F T u—7
WEER T TR,

VI EO&FE, BbkinsaRBR 208 €, ZE L CEERERZ T 2 720 ORUE Fis LU
AN EOEHIUEL LC, T VT MR T 10~20 u m LA, AT A MHEZERIE T 30~65 1
m LR, Ho, @l T o7 Wtz 5l Catil] L7z B ROE) N T ADREEVVE B4 Img UL
T B BT 2 EREE L,

5.2.1-6 iR Z — b v Ok IR

Table 5.1 ("¢ 7w b & A 7 1 ~VIOAALE, MO, HoBR2ERIT K D Bk RIEs R 4
FEfi L C X728, [AEEERBRICSENT D, 100 5 rpm F T M S E HEHEO ., FHAOIEEE
WA ST T D 2 E DB T o 72, Fig.5.12 [T R ZE K T OREIRE % — B 2 OREhK
[R1HARRER D R 2 7T,

iR — & QBRI ITH 2SR A~ (ES) - 13.5MPa(G) #JEAE L, L ¥ a2 Lb—X
T 0.5~0.7MPa(G)IZIE L T, BHWEZ — oD A0 ) AN~MEET 5, iEX—tv o
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Analysis Conditions for Chilled Water Analysis Method
Flow rate 8 t/h Code Star—-CCM
Inlet Temperature 5°C Model Turbulent k— &
Inlet Pressure 0.2 MPa(G) Mesh Level 20M
Specific Heat 4.205 J/kgK Convection Term 2nd
Thermal Conductivity 0.572 W/mK Conditions O —constant, steady state
Viscosity 0.001518 Pas
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BHMHEHDOKERAT =2 a U ~ODERV AT LAOBANRET LD,
KRFBHZORMEHOT-DIZIE, KFEAT— 3 OB KOIMEP AN & AR T D03,
FIEOE A MR —RERY, BENTOKEZEAT — g O RITFHERE D ITHEATWARY, 2
DR ZEFTIET 2720120, KFEAT—2 a OB A MF T v %2 b 12 & HER 2 5l
DEANGHE Lo TND, KETIE, WY - XSV 7 — VT o ANKFEAT—a v
26 72 b hR & 2R AL E DR RTE R 2T 5,

7.2 FIRE = A S ORRFEEAL R

BURDOEBE Y 7 2O EM BB EHKRZ AT — v g O FEBESIIATIHOE 1 =
Fig. 1.1 IZFidk 0@ » TH LM, Zo0fHi= X N A= X N) OBl bIgEY —v A7
L7 =7 a2 OL560 3 X b Ez i Uz, #HilR R % Table 7.1 (2347, #
@ Expansion Turbine Unit &%, BiH® Fig.3.3 1T KO WCEX — b 7 74 —0—F
—DiAG bR =y hOARX NERT,

CZAURRERICHE T DR S — B 23 b DR BE ATRE 2R e CORPERN R ANk L 7o E 127
L, RS- AT — T o A TSRO 2 2 & L TRERAUT X L TR
63~70% LA FIZARRT 5 Z L 3 A[RETH D,

Table 7.1 25 LAOFH = 2 K i
Initial Cost Comparison of Precool System for Hydrogen Refuelling Stand (for Light FCV)

Conventional |  Turbine
Component System System Remarks
[M-JPY] [M-JPY]
-45°C Class Precool Refrigerator, 22 _
and Brine System, etc.
Pre-cooling Heat Exchanger 4.5 -
Hydrogen Dispenser Unit 145 14
Expansion Turbine Unit — 12~15 [including mass manufacturing effect in FY2030.
Total 41 26~29

ZHICIA T, BEX — RV — 7 atRid, EFICaL T MIRDTED, T4 A
AU —NEBICARIA D % (Fig.3.4), 072, kRO & 9 el 7 7 1 VBB IR D
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ZOMRIBIBENROBRE T KIGRETRNF— L2570, EFHNTH IR IMEEH|
ﬁ OWTIIAFERT — 2 g CO@ERINE, FCV EEOHBMLICH 220 . HERIEELIME 0%
WZERET D,

7.4 RSF 3R N ORI MEREA
BROTF ¢ 20— A—H T tTUVﬁLt%%ﬁ@@ﬁﬁ%?nxbﬁ%ﬁ%bf\%
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EWNEAERIZBE L TH, AV AT MIIRILBEEZ RNICE £\ e, WEEE R 2R
WIS LRWAEIR & 72 0 | iR ZHR ORZRA D RE L 2 D RS B ATV D,

75 WiEZ—t RS 7— LT a2 FRORFETMEOE & o
ks —v X7 Ly — 7 a2 G CTORFEFHIMRF O F & HFK% Table 7.2 IT5RT,
gk s —e T V7 — 7 a2 GEAPNEB ST L X —H0EHE =2 OBLE DI
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Table 7.2 WiEZ—b LS — L7 ot 2 HFRORFHME & D

Economic Advantages of Hydrogen Refuelling System with Turbo Expanders

Economic Indicators Cost Merit Remarks
—
8 [Conventional]: -45°C Refrigerator, Brine System,
O |Procurement Cost of Equipment ¥ —14M~—11M (JPY) Precool Heat Exchangers, etc.
._g [Turbine System]: Expansion Turbine Unit
c
~— |Construction Cost ¥ —6.5~—7.1M (JPY) Estimated from present construction cost in Japan
Cost related Civil and Land Area ¥ #16m? Depending on the construction site
@
8 Economic Indicators Cost Merit Remarks
&
'..g Maintenance Cost v —1.4M~—2M (JPY/year)
—
8_ Utility Consumption Cost ¥ -2.2M (JPY/year) Estimated from power consumption per vear.
o

EEE, FEHES 7 AD FCV HOKFEAT — 3> (AFF 300Nmé/h) OF f A4 —1
RN T DA T D03, F2RD FCV F KBTI\ TIX, KFEAT — a3 LTEEED
T A AP —PRE SN D REESRITEICHFRFTE 5,

KFAT = a OB RIEKRIE, FRCEREFE R # (FCV) O KA HEE I BRI T 5 L
Tw<, A6, FCV O LKL, FALEES H 2 BT 5 2 L1225 COHIBEDHR
ST D IFFITRE RERIR P TTL %,

FREOBEEEIL, HiEEH FCV HOKFE AT —v a ORISR 2 FMICHEYS LTn
Do KFEMRY —ErE LTRY BN FEBATRE L W OB, KIEHE FCV(FV N |
FC T v 7)) O EEZ NS E 2 — v v (Fi 132g/s) 2 31l L7284, e &
DUERF UK T DRRIFEANETEICRE < 2D, KRS, BRIFRE B DE A S—ZAPEDR)R
X, BAEDPRELRDIZERFITEAMMEZ RE S BEHATRETH D,

Flo, KFAT—va ORI LT, BIEOKFETAZ TS 55 6D H58HH, 72 & 21X
KD EERMAEREFEMADKEUAG 7Y » FOKFEN Y 7T > T8 7 HE~DIHEE IR TR
IO ARBRITAR B E 725,
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+ 2 ® EFD(Engineering Flow Diagram) % 7% L 7=,

(DAKFESY — b v & T 7 v AHARIATL FE L THROBENDITE N E 2 T Ly
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il BWEZ —t o7 L7 — LTk 20 B s, WiEY — e s oitsE[Al, Hh
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— 7 —IZE L TUTMERD @ E KRB A RIE L, #E s L Col&EESM: 150MPa(G)
MHERBRIC B LT b, fERE L THEEKE TOEIFERBRANS, SEHE X — B 2 OB
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MWTE T,
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[Appendix-A]
F4E FEFHBHECETIFR

1T EF e, D =1 F721% 2 1% K4.6-2) 225 K(4.6-0) DNER L UOSVEZNZ NIk 55
REMTIRESTL D, DaOEITITRAT - TEAMBOREEE 25,

An d1A(S)]

an .
2 da =—-2D,, q=ia (A1)

2

q=dn

KADD|AG) I, BFIESR a;;, 4, j=1 ~ 4,0fE%F Al LT 275X TH 5, BAMIL, |4(s)]
=0 &2 DAY, o 1 agpORINTERT,
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Table A.1 Elements of array with a;;for H#0 and H =0 in Eq.(5) and Eq.(A-1)

H=0 H=0
ars — 53, (aq1) — Brd, (a1 — a3, (@n) — Brd, (an)
iz —ayhY,(eyh) — BrY, (eyh) —ayhYi () — BrY, (eagh)
arsandags | 0 0
az1 H (Jo(aarz) — (hen/ H)Ii(earr)) | —Aadi(al,)
azz H (Yo (ar2) - (heg I H)Y1(enl?)) AN CArY
azs — Hg(aar) 40031 (a,1,)
az4 - HYp(aor2) AN AP
a1 Hlo(eyr) Jolair)
a3 HYo (1) Y, (ar,)
az — H(3o(aan) + (e [ H)d(aor)) | ~Jolatahy)
as4 —H (Yo (a2r) + (Apan I H)Yi(aor?)) —Yola,h,)
Agrandasz | 0 0
ass -, (a,1) + Br,Jg(an) -, (a,1) + Br,Jg(a,n)
a4 — oyt (ah) + BrYy (a,r,) — o,y (a,1y) + BrY (1)
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[Appendix-B]

B5E RHRZIRIC K DMIRE X — B ks e s R 0O RS R oM R WA & Appendix-B & LT
PTFIORT, 70 hF A7 1 ~VITLE LZEERCE S5k I3 E i+ %, Appendix-B T,
el p 22 B L CIREEAER TXIX U727 e R ¥ A VI, VIIZOWTOEERWE - BT 7 'r—
FOREREMEHHT D, 71 b XA TVIEVIOREE oo 72040 5 % Table B-1 (278,

Table B-1 7w k& A 7VI, VIOHE EoFEHES
AT A NhEz PR EFHH R E R | [ElERE DR
DA i LR
7a b2 AT VI | ERAMM L | ¥ —Fy Mt AV DLC
0
Ta hEA47 VI A= L HY DLC
i WC

[Appendix-B1 7'& | #14 7VI-2]

7'a A TVIOREELARZ Fig. B1-1 (237, ARBRE TIE, BIEEEIL2 05 rpm LA LT L
MHF, Ho, ZE L THEREBR TE T ole, RIEERERE O T, T A8 OHERRE
BEXfHE) RO, ZHEIET 272010, [FREOIRBIGHI 2R A TE 72, FRCAT X b
iz DREDO IO K S [FHRAHERF CE VKRB H o 7272, FIEHS 2 T 2 MR ED &9
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Thermal Spraying with Precision Polish“ing
W(C : Tangsten Carbide

Fig. B2-5 XU 7 AT U H1— A REH, FEEHBEORN (T e 247 1)

B G AT v T—3 A REES oAk LT, SUSSI6L MO T o7 B I RAT A K
s (REALEREE L) OMAE & U CTHRIEESRER 217 - 7o, HIRIEEEERBR O # B % Fig. B2-6 12
N

2 T A~ORAE OB TH — U ANENZ BIF 2 2 LRI, RBRIEHEEEITA) 440
krpm {3 TR L TV D,

R DS RABOFER., AT A NS~ 2 GRS DA, RESEI~ DR EITIE
EAETEENSTz, (2 ETO DLC Ji LO%A TlE, HEARE S o Rl o> DLC 23 EE X
TERICEEL 225 K O IR TH - 7228, WC i Lo [Bl#Ed TIEEOMEEIIZE > T, 0
720, AT A MaOEEMER EOB S 51X, WCHE L2 DLC Bk v G2 TH 5 & HWr L=,

EEE MR ol 2 b, WHBEEZRITLZ L bAIThHoTo L E X2 5,

figgak & — & v SRR T Y AT A DBHFEISE
87



o

fiFdk \\Fﬁ// JUM R
§J.é Kyushu University
NS
16:04:48 16:06:14 16:07:41 16:09:07 16:10:34 16:12:00
1200 4 4 0.1
2019-05-08 WC Coarting Test
. Aftercooler has been connected L
oy 1000
w | 0.08
= |« &
a N
el 800 e R
g )
S5 — Roataion | [ 0.06 =
wv
,a,J, ?(i. Speed up ﬁ | E
~ @ 60 | )y | [
- I—
=2 LT"/ A L 00s @)
E @ )
g9 | i H \ 2
~ Q. 400 L —
— E Y, /"‘"’ 3
T @ After Cooler 3
[ tivated —
) was ac L 002
.f‘f 200 '
: y
5 [ )
= ﬁ —_— 0
g :
16:44:48 16:06:14 16:q7:41 - 16:49:07 16:10:34 16:1p:00
Turbine
Start
-200 -0.02
—T. Speed T. Bearing Temp. —C. Bearing Temp.—T. Inlet Press. ——Bypass Press.
—C. Outlet Press. —T. Bearing Press. —C. Inlet Press. —T. Gap C. gap

Fig. B2-6 = WC Jais -+ b BE [a] sl C O A8k [l is Bt SR

38

figgak & — & v SRR T Y AT A DBHFEISE



. Bl ke
%\U/Z Kyushu%University

N

[Appendix-B2 7’1 k& A 7'VI-4]
QLB TIEDEFRGEL LA T X Ml ITHIE 7 v L A % O IERER AR

FORETRMLIZEY , 5 1 BEEAFERR TEHANC AT X MaA P LT bz 2 &Ik
HAT A MNWZEOBRENRAE LTS, ZOFZREREIET S0, 52 EHOEEKFERBRICE
SH . EEIREO R T A NE O ERET S X — B ORB FIEOK R EED TV o T,

R E LT, R —Eroli#iz ¥ — O T 2 aRlkAi, Zhiud, WEY—
EUWNES (12 E) OENERETHZ LT BEBOFESEEN LS50 THD,

MZ T, AT A M OBk T 5 8ER & LT, S fIRmICHEE 7 2 A X v X &0 L
T TN EMPIAL TN D,

TERIEY | Wiz A Z BRI AN R TH — B 2Ll L7zl R 4 Fig. B2-7 12”7, Zh
WZxr L, RS2 — e oRERNIESY — o R a el e U, @iz =WNE o 0 2 E 7)) 580
kPa(g) ECMEL, BEX —E U HOREHRL BT TN 2 &L THIEY — 2 ORI & 1T - 725
K% Fig. B2-8 12" 7, ZORBRTIL, a7 Ly b —fTMZL L7z 7 L—FEEe LTh, =
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T. Bearing Temp.
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AR DRI D % Fig. B2-21 10577, DROFER, #—E flldo 25 2 Mo
fikfixb T H B OO, IEFITEMIDRILTH 5, ?VTw%ﬁﬁ*%Lf%#ﬁbﬁﬁé
Niz, a7 Lo —RoT A ENEHEEE EFERSETHFF 52 L THRE L i
THZENbhroT,

Flz, arFryhr—loAT A MEZITEEGORETH Y . 50 5~60 7 rpm OIFEERIZIBU
T, AD& ZAZDOMZREVEOMEENANTHL Z Lol

TS DFERZERIC X A HERIESRBR TR O AIC LY . FRRoxtRE2# U<, % 3 A

JERBHBRIZER AT,

BB A RT—EHEE 2T Ly X T —EHEEER YT S EE AR T D
- [HRROEHREN LS > 7 AT U h— A RIES -HEEFE O R ELEZ1T ),

* AT A MR ERKEIITEE 7 0 b Ay FORBLHZIT O,

- WS 0 AE ) D) T COiE R E R D,

F-7rtv R EoRE LT,

- X —E U ANZHAIGRER T D (F o 7RO ERA 2z SR OfMER DT 5)
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Rotor Thrust Color Rotor Thrust Color
[Comppressor side] [Turbine side]

Thrust Bearing Sueface Thrust Bearing Sueface
[Comppressor side] [Turbine side]

Radial Bearing Radial Bearing
[Comppressor side] [Turbine side]
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[Appendix-C]

BT U o 7 & O T O fesdalliz

RT o AHOEESY — e i, /NMUCEERER(80 J7 rpm) D78, i@ CIXENE £ 72 13

JEXD T A= OFERTH D, &2 5%H%& v N, B EORR, FNOREE R
Rne, RERERSE D Z LIRS Tldleholz, MIHIOEMTIE, Z0OEFLAEDFr—AT,
[EIASKIERAL T o D N E sz N i = X (& A2 Z LT,

W, BT Y 7 (2ARY Kigsz) of/Mb, HEELAES, BlEREEZE D=4mm, [A]
i3 N=30~40 75 rpm, DN : 120 5~160 7 rpm * mm O & OB SN TS, b
X, WRHO N FE—2 (GIHIE) CERAbIN, UHIHOE Yy &Ry — & LTZER
JETHI 30 HRERESE TV D, ZOWMVMEMNART U U 7 E2ARKES — O T V7 Vs DR H
L L T40~60 J7 rpm TZE L CHEEET 5 & DITR D0 %N DR BT 70,

Tel2L. ARZOXT U o 73 OMEEE Z AR L LTy, BRFE/ — AT F AT

DERZITM 2 SR LITEHTH 52, 3DRREDOEEOME D KL THIUIEMATREE L
T, MR — B AT AGA A CHEGEBR & S50 L 7=,

ZHUE. 72 & % 40 5 rpm TLERELRT S X — B X 2 HESTHIE DRI AN B S — ik
AUXT AT LELTORERD EDBZNLTH D,

L7t/ N OB~ T U o 703 N ff ko i/ hlddn L 72 %, N7 U 7 D4MBLE Fig. C-1
[t N

Fig. C-1 HMASRT V7 9B
WMRTE R 2 VT HBRITARR B 2 S0 L 7= 8 % Fig. C-2 [0
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2019-04-22 Ball Bearing

800

Rotation Speed [krpm] By-pass open at 500krpm

Pressure [kPa(G)]
700 o

Temperature [ C]

Stpped.
600 (15 sec. after
t 400k 500 krpm )
at 300krpm @ em
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400 e
1.5 min .
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> > b > >
300 |, \ "1
200
100 J
0 — : A— Aj’m“ﬂ_
10:1p:00 10:19:12 "\\\ 10:26:24 ‘\ 1 :33:% 10:40:48 10:48:00
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R By-p |

-100

—T. Speed T. Inlet Press.

—T. Bearing Press.——C. Bearing Press. —T. Bearing Temp. —C. Bearing Temp.

—C. Inlet Press.

——C. Outlet Press.

Fig.C-2 H~7 U > 7 CoORARER

RT7 YT OHARETH S 30 I rpm (IZBW TR 3 EORENE IE 21T - 72, TEN 4.5 5, 35
FEWITZE L CEESHERN TE 7z, £D®%EHEEEE 40 77 rpm £ TEFTHRER L2, b
R L2 fERR T & 7=, #9520, 40 7 rpm TR O, Wik % 50 )7 rpm & L CTikA
Todd, RENMEK 156 B CRE A L T O NEIEIC LV IEIE LT D (FREIRATRE) .

1211 O RHERB O fE R & Fig. C-3 127,
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Fig. C-3 Btk DOWNHEL il BB

SIRBGEDRER, C (2T L y¥—) MORT V7D F—F = ES, 2 m B3NHBICE
ELUT-EREE Ch o 72, WEL L2 2 a 3T D7 VRS O RIS ORI AV iA R, Al
I A OFEEETEIE L TWA, T (X—EY) RIOfhs-CElzEi i35 1T E) > 7,

Z O nlEfERREBR I BV CIE, ZE5BFE)T 30 5 rpm (DN fE=120 /5 rpm » mm) [ERRE7: <
ZZEEER A BE, 40 75 rpm (DN fE=160 75 rpm » mm) T iEH AfEED A[REM: X H D A3, 50 5
rpm (DN fE=200 /7 rpm * mm) TIXRAZEZ D2 ERNmn-ot,

40 75 rpm FREE 7R DITHBANT U o b BRh & 72 D0, RN R ThH HIEY — v
BERBFE S AT MTHEAT 256121, BAIT2BEOZ—E UMk L, Ao, kY —bt
VNP EB, KB L BICEICE L THOREND D, W) TR R B RS BIR L
e B ER DEIE & 5 2 LI 7o v, BUIRORRGERE R TiX, Bk~ 7 ) o 7 CTOBZIT
BB T2 EHIT LT,
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