Bz C-19

HEMREHBEHRRRBEE

VR 2 146 A 1 8 HEAE

HEEiER - ABTWE (B)

FFZSHARS - 20062008

EEES 18360411

MERESL (F1X)
FEEER

MRFEL (EX)
Explorations

HERERE

AR —== (FUNAKI [KKOH)

NBE~DESEMITEARELE T IR TIAT A ILHEEDH EE

Laboratory Experiment of Magnetoplasma Sail for Rapid Deep Space

WITBUA AT HMEMRAREEE - TEHHPHEARL - £HR

HEEHES : 50311171

WFITR R OB

WK 77 A~tA /L (Magnetoplasma Sail, MPS) 1%, KR 7T X~z FEED > < D
K TZT IO THEET 28 LW A T OFHEHERE S 27 5 Th 5, MPS OFH TOEE
WaETHTH720, BEVI2L—va b WAy — NV ET VERE I L=, #E LT
300km DRERE YA X (#EJ17C 100N IZHHY) OBREA VDA —/VET IVERHONCE
FEHEDWE TR BT % & 32, MPS OfEEEER A 1 = X LD SEFEIZRE) LT,

AR
(BHEHAT 2 1)
RS [ e 2 & @t
18 4R 4,500, 000 1, 350, 000 5, 850, 000
19 4R 2, 000, 000 600, 000 2, 600, 000
20 AR 1, 400, 000 420, 000 1, 820, 000
o 7,900, 000 2, 370, 000 10, 270, 000
WFEsr e« 15
P& OSF - M - G L5 - fizEsil 1o
F—U— 8 IETH LY, KRERE, 77 X<, Bkt

1. WFIERAR S D1 5

HERR Y & ki CEAE MR 6 &, R/
RESEDNIR X AN TWDENR SN TWND,
H L ZDOKRBETT X~ 2 FEEN L
DR CZIT IR B 2 & A HRIUE, KR
DOIEFE T XL X— %2R H LI FHEEE (A
YA HERE) DNATREIC R D, 248, 1990 4EAY;
(2 Zubrin HIZ X > TIThh=Bahic ks &,
FHELZENITEROREI QI ZEL 2D
WZIX, ERR 100km (2 b B X SIEFICKE 2=
ANVIZERER L T EAERT S &N
VBT L &L, O X 9 I RIS &
T TR A NMTEIARATEL SN T
Wi, LU s, 10X 512, Tk
Fo oI MRS E N TR 7T
R W2 K0 IR ELPH I B S TR BG A
s, W77 A~vkEAL] L

I FENT T b RO Winglee 512k - T
BEIN, ERERTWS, RERL, #D
ORI, /IR OREM IR T T A~k
AN E#EAT 52 LT, KEERONKE
ORES) [THITEERM 2 — 34E & 5 H M
THBEBETEDL LWV BRI ML R
L7erbThD, ZOMPTOR., #5101k, B
R T X< A DK EOER) T R )LX
—%/HZ ik, EXHER Y b EFE
EOEWHEERIEE R0 1 TR R X
BRHESINELND EELE, L L7enb,
5 ORETCIE, R 77 X~ A Lotk
JFEIZBAT 5 2 D% - TR EZ =T 1k
WAHIDDORR T T A~ A VK E %%
ENWRFFTEX 50?2, 2L T, KR
EE RN ED X D R T T, ELT,
EDXH 7o A THEEHEH A VIC



fREEL CHERE L 72 D D02 |, (kT BRI
MDRENTWR o TZ, ZDED, W7
A~ ANIZE D EERFEMATHAYIC
BERONE S NE, oI o TR,
Pe- T, BRT T A~ A /L OHEHEFE &
HEVEREIZ DWW T, BERSE « 220 BT OFLS
26 EMEZRFE R D STV 5D,

OEXHREOKBEAICIBETNTHED
Bow Shock SRR HRLERIF SRR

FEHEM L

FER (MPS) JSATMN aRSELIFS

K1 BRTIRA~tA VOBWERE
2. WEDOER

AWl IFHEBICER L7/ 1roo<
DERSE L. OB DOT T A<EEIZ LD
ERRZFI L-HitEs 27 5 (R T T A~
T AV) | OWERH) - TR RTHEMEZ BT & s
T DHZEEHNE L,

3. BrgED ik

DR T 7 A~ A VFHBOBEZ T
5 KT I A~ A VEREL I 2 L—
2| T 5,

2) FRLEBRE Y I 2 L—4I2TC, B&KEA
DK EY A X HET) & OBRETRST 5,
T, WREEILKT DR T T A~V
DFBSEREEIT ),
AFHEMIZB I MR A VIR T T X
~ AL EEBROMEMEZ MR L., BuE
CRAERREHE ) HEET D,

DEE EB L ONERSICBIT AWK T T X~
TANVOFMDT=D, ERIRIKET VIZE D
BAEfAT = — &R 5,

BIR T T A~ A NVFHIED S AT A E ik
LT, LR BLEN DR T 7 A~k A
NOFEB AR A BT 5,

4. WF7EEE

DR T T A~ A NVFERE I 2 L —X
FEBRET I 2 L—F TlX, KGR EREEL -
BT T Rt & XA RN — VR L DT
HEZET ¥ NPZEBLIT L, BET v N
& UTIE, FHMZEHE T B RS AE T R A0
FEAERETA DOEA 2.5m £ & 5bm O KRA 2~
— AP A ATy UNERH LT, KGR
T RIS DKRKBGE Y I 2 L —H
SW)IE, 2D X HIZAR—AF ¥
UWHIZERE S, BHEBXLF 0.Tm 77 X~
Ty FREZEF ¢ NP IRE SN

A I THEAS D,

SWS Capacitor Bank
(PFN1)
25kA/0.8ms

Vacuum Chamber

MPD arcjet

j
(Solar Wind Simulator,MPD_SWS) .

Anode

PlasmaPlume

¢¢50mm

Cathode

M tic Field
lag netic Fiel Cail

($19-70mm)

; :‘Magsawl

MPDLINS [ A] X with Plasma
et

$25m

<+———600mm >

Capacitor Bank
(PFN3) for Plasma
Jet 20kA/Ims

Ca-p;c-it;)r-B-ank
(PFN2) for coil
3kA/0.9ms

2 MXTITATEANEREV I 2L —H

BHEBEESS A<y N T B
. KBEEY S 2 L—&Z LRSI R0 7 5
A< % H O RBEAER T 7 X~ 1%
7—27 Y=y MMPD) R CTEH L=, SWS
EREANEERET D a4 VAR SH
THEHAT DL, $0.8ms ORIYEEEH T Z
Rt LWty & DTG T 5, TOTH
DR %X 3 (fgdk L=, oA WMTERZR
I & CHEBEICBSE N RAET D, KRR
B75 X< 3P e oA ER L L
TIRDEH -0, 77 A~ (KEE) &
WesaEik (KB 13ERE &2 L CoBEd
b, ZOREERIE THH KRBT 7 X<
MREA~EATET, MKEZEEDE LT
I T, BRI KB 724/
TUL A B S A L TR A o 3 A 28 IR
W BT 5, REALTIEH, 29 LK
B B D TE B B AL A3 BAYE & I L TR R~
[RET D2 HECTFHE B L 720, KB
NOHIEINDET-DOHEE IR T A &
NTX D,

X3 WREANMEORT YT ay b
(45km/s,10m3 O 77 XA~ = v b & B
5em/20 2 — 1 D A LD < DR~ IR

B3 D —A Tl aA VHRD R R
o (L EHRH) B E ORI, BXLE

10cm Th o7, EBRTIZ, a—7IZHE
W2 X o TaA VEBEORG A « B D
BOHNTERY BRI EIC M S AT



B U T B BB NS DRSS A<, BRI
IR DR B R mOGFER L, Rk A L
R OMKERE 2R T 5 Z LIk L
7~

2) Wi T T A~ A LD FE SRR
PR R 7T X< it & 2 A )V OAE D e
DT 5L, ag M hnERT5, o
Wz, IRV FROHETIFHHIA Z o RIZTHI
E LT, REANL (aA0) (3HHELI-HE
H2Z 2 R, ImX1lm DT/ 7L —AT
M S, A RDOFATR T A Y CEET v
NEIENSESY FiFbhn, o LETL—%
—BNEHC L > TAZ v ROENZRET
5, ZOHESI A K v R R A 21T 5
EX4a)D XD IIREI TR T 5, MKt
ANDA L7V AE, aAVIERER (X4
a)) LEERF (K4b)) & DOEMENGHED
b, SWS & oA L HHEFHE FfiElE 0.8ms D
WEH SV AEFI CTHDHZ L, A 7300
2 % iR (0.8ms) THEI D = & CY-HHE S
WEHETE D, HEAX, A VEEBRROHE
MMEFITERT D Z LIRS, BREA L
WCAEH T 28/ 29 CEBFHIIT D Z &
AR LTz, BEARE A X &R R m (&
EHE) LaAnhinE e oS T5 &
R YA X L= A VEROEM & 3o
MUz, $E-> T, REA VORI ITREEE
YA O E LIZHERT B Z LA LM
7o,

0350

o
i
i

AMAAA
VYYVVY

=
i
th

Displacement of Thrust Stand, mm
: : o
=)

Time,sec

a5t A L FEEN IR

=
i
a

=
=
&

)
%
&
H

Displacement of Thrust Stand, mm
i 2
b=
prm—
—

|

0 3 10 15 20

=
i
=

Time, s

bR A VENERE
K4 mREANMEIIRS o ROISEHR]

WIZ, A VI ER B 2em /N
MPD 7— 27 =y FEFRELT, 77X
<A ViEIRE EE LT, A VOB EEME

SHETRE A NVENWERE (M 5a)) & AT,
X 5b) TIE7 7 A~<MEHIZ L » T E Y
A ZXBYER LT, 29 LT, 77 XA<EHIZ
X 2 WX YLK O "l HEME &2 #) 8 THEERIC
RLUTz, LDOLERG, L OYERZET 10%F:
BB E-TEBY., MK T T X~ A VEHE
WK DS O RE LR T DT E-
TWRY, ZOERFERZ, L 25 10%803
HESOHETIIE DS 1FRE &/ h SV T LR
KThHbd, ZOd, 5%IL, BIZHKEZ
RKELIERT D2 OEEREL & HEIFF
HREEOKELWIT L CEETILEND
2o

a) skt A v

b) R 7T XA~k AL
K5 BREANVEMRT T AL LOM EE
BROKEF (45km/s,10°m3 DT T A~ ~ v b &
EA£ bem/20 X — 2 D oA )L~MRE, A LN
(FOESS 0.04T) TIE ¢ 2em /N MPD 7 —
7= v b 0.04g/s,3.5kA TEMES ®7-)

3)Hh_E 328k & T E ] o BAR

FEBREERIT, R A VIR T T A~ A
NDT T X2, FHZERIZBIT ARt
AWK T T R~ A NVEEEEO T Z7 X
~ LR D KRR STV, KBS
A\ Z R T B A A ROBA DRI
ATe &, W E T L CRESES) (T —~—
EE) TN, A A v T —~—EHORFE
£ () DPEEREYA X LX0HNSWES
. R E AR AT TR EA A SR &
na, ¥z maL O, A4 FaA o
YED W E X T TICBVkITHTHA



o WD T, BEREA M I - THoleHEN
BRESE DD, il L% 5 HFEE /NS
L EDHVENDHD, 9 LR EANVOHE
TR, X6 OFERO L DI TFREITWY
%o KEBRTIE rull~1 DEBINTEY .,
FHIZI T 5 100-300N 7 T AREK A LA
b T ESEBR TRFES LTz,

L AT, 6% R5 &, M EFEERIZLAHHE
TR, B THIL W NS VWEEZ R LT
Do O Ll-ZERIE, FEBRE SIS B [
HETOT T X~ A VEMEAL 2RI
BRCEXRWEDAETLS, b LLEREICTE
BERGE T 7 X< O A F 9B B
PRI L 22 5 & | BEERGR T T X~ iE
HEN A VIEHETICEET 5, 20k
W, FEBREMKE CIITHEMEBE L E
HrE £ 0 & HE S 2308 /NGRS 4 D AE A2 &
Do —H. FTHEMTIHEZEMNEEAEALD
RWIREZE S T X< & L COMRENHR B
bbb EtEZLND, 6 I CHERRHE ST & 52
BRIEAN R D DL, Z DX 5 2Rl 52h BN R
RNTH b,

4 T

3 I |—— Theoretical Prediction
= Experimmental Values

Cd (Thrust Coefficient), -

0,001 0.01 0.1 1 10
J’bf"L

M6 mREA AHERE (Cd (HEAMRED 13K
b5 R DB E TR LAk L7 HE)

DB I 2L —T gy

EZERN BT D BBREFER T, FHICBT
LR T T A~ A VENME & SE R IR
MR, Zo7d, FHIZET DB EA
NIRRT 5 A~ & A L OHEEMEREFEATIZ X,
7T X~ BRI AR A AR IR & 72 D, (54
PEDOE WP AT 5 720121, £, # k5
Brlolbiam L CHEY I 21— a v
a— RERFEL. kS hiza— R TFE
EHETHT S, L0 2BEO TR AN
VETHDH, KT, KT 7 A~tA
D KGR T T X< it & N TR O+ U
RN ATRE /R B T L OE, e b NS, FfE
vlal—iara— RO¥KEIT-T.
1ol [<<1 O Tl WAKE 7 V038 H AR
Th b, ZOmEECE A A RE 2 EARE R
EF )L, 2 5NT, Hall-MHD &5 /LI i
SR T T A~ A NOFNT 51T, HAR
ERGTRIRT T VI L DT ClE. s EL

0 FHTeERER ONMRIBE R 2 E LT, XA R
— VIS IR L C T X<t e &
DH A R— K DT &b Uz, T
MNHDT T A B EEZ T & BAE D
RIS A TIT K B, BERE Y A X &S0
LTH, RIS T LHEM L e o7z,
IO, Fiile T T R EE S FET
HBZERHALMNIR -T2, 29 LIZHE
MHD €7 W L 50TE, K77 A~k
A IV DOHES)Z AR ORI J) A F8 4 LT,
BIR T T A~ A ND T AT MMiEt

R e FHMAT 2 KRBT DI, K& e hnE
ERVETHDLH, 0D, MR 7T7 A~k
AVERITIZ, @& a A L AT LD/
HwE DRERHEDEREL, D2003KD D
Nz, a4 Ve L TCIBEEaAA LR AT
LA LIREMEOmE N HENTEY
RN ZRHAT I E TR OB E— AV
MNEEERNELND Z N0 T, Bl ziE.,
N 4m TEE kg 75 1,000kg DB EE o
AT, BMAT (A« T _XTH—)
DIRTE— A NINEKFAEETH D, LL,
it ENTMRBE AR T DT T X
~Vxy MIOWTL, /1A DT—~—iF
) REFEENFERRE (r—L) £ 72> TRV,
DT T A2V xy FOEMTITIE <L O
F[R T DI SET 5 MHD &5 /b ¢ &
R, DD, MRS T A~ A LOMEE
SEAMIZIE. AR — B A DRI
NREBE LT BB DA MLETH D, 2D
£, A F VAT NVHRT T A~ AV
DOFFEHRENSHZOMETH S,

5. BRI CHE
CdERERm S0 (R 14 14F)

@O. K. Ueno, l. Funaki, T. Kimura, H.
Horisawa, and H. Yamakawa, Thrust
Measurement of Pure Magnetic Sail using
the  Parallelogram-pendulum  Method,
Journal of Propulsion and Power, Vol.25,
No.2, 2009, pp.536-539, # A .

@. Y. Minami, |. Funaki, H. Yamakawa, T.
Nakamura, H. Nishida, D. Sasaki, H.
Yonekura, H. Kojima, and Y. Ueda, Thrust
Characteristics of Magnetic Sail Spacecraft
Using  Superconducting  Coils, AIP
Conference Proceedings, Vol.1084, 2009,
pp.721-727, HHiA.

®. 1. Funaki, K. Ueno, Y. Oshio, T. Ayabe, H.
Horisawa, and H. Yamakawa, Laboratory
Facility for Simulating Solar Wind Sails,
26th International Symposium on Rarefied
Gas Dynamics, AIP Conference
Proceedings, Vol.1084, 2009, pp.754-759,

@®. D. Sasaki, I. Funaki, H. Yamakawa, H.
Usui, and H. Kojima, Numerical Analysis




.

of Magnetic Sail Spacecraft, AIP
Conference Proceedings, Vol.1084, 2009,
pp.784-792, HiHiA.

I. Funaki, H. Yamakawa, K. Ueno, T.
Kimura, T. Ayabe, and H. Horisawa,
Scale-model Experiment of
Magnetoplasma Sail for Future Deep Space
Missions, AIP Conference Proceedings,
Vol.997, 2008, pp.553-560, ZrFi .

78 AN 2 AR — 52 i B D5 3C,
W5 A L OHEREMEREREM (ZBA 32 3
RoCEREGTARIRNT, H A ZE T H =
FSC4E, V0.55, No.644, 2007, pp.453-457,
HHA.

AR —SE LI, MR 7 7 A~k AL
DOWFIE L RFHEE~DOHkE, 77 X
~ G T RES, TR THAE A
< Bk A B9k, Wol.83, No.3, 2007,
pp.281-284, i A.

I.Funaki, K.Ueno, H.Yamakawa, V.
Nakayama, T. Kimura, and H. Horisawa,
Interaction between Plasma Flow and
Magnetic Field in scale model experiment
of Magnetic Sail, Fusion Science and
Technology, \Wol.51, No.2T, 2007,
pp.226-228, i A.

I. Funaki, H. Kojima, H. Yamakawa, Y.
Nakayama, and Y. Shimizu, Laboratory
Experiment of Plasma Flow around
Magnetic Sail, Astrophysics and Space
Science, Vol.307, No.1-3, 2007, pp.63-68,
HHA.

AR — 37 /NS F5 8L TE K SE R R IR —
B8, LB i ) 1 72 R R e /N

BRER, R4y Il —4D
BRI, H KM 2 F W %2 CE,

Vol.54,2006, pp.501-509, & #HiA.

H. Yamakawa, . Funaki, Y. Nakayama, K.
Fujita, H. Ogawa, S. Nonaka, H. Kuninaka,
S. Sawai, H. Nishida, R. Asahi, H. Otsu,
and H. Nakashima, Magneto Plasma Sail:
An Engineering Satellite Concept and its
Application for Outer Planet Missions,
Acta  Astronautica,  Wol.59, 2006,
pp.777-784, i A,

H. Yamakawa, Dynamics of Radially
Accelerated Trajectories, Transactions of
Japan Society for Aeronautical and Space
Sciences, Vol.49, No.164, pp.77-80, 2006,
HHA.

H. Nishida, H. Ogawa, I. Funaki, K. Fujita,
H. Yamakawa, Y. Nakayama,
Two-dimensional ~ Magnetohydrodynamic
Simulation of a Magnetic Sail, Journal of
Spacecraft and Rockets, \Vol.43, 2006,
pp.667-672, At A.

H. Nishida, H. Ogawa, I. Funaki, and Y.

Inatani, MHD Analysis of Magnetosphere
around Magneto Plasma Sail, Proceedings
of the 25th International Symposium on
Space Technology and Science, 2006-b-47,
pp.304-309, & A.

(Fx¥ekR) (G 181F)

.

T. Fujimoto, H. Otsu, I. Funaki, Y.
Yamagiwa, Non- Ideal MHD Effect in the
Flow Field of Magneto Plasma Sail,
AIAA-2009-250, 47th AIAA Aerospace
Sciences Meeting, Orlando World Center
Marriott, Florida, USA., Jan. 5-8, 2009.

D. Sasaki, |. Funaki, H. Yamakawa, H.
Usui, and H. Kojima, Thrust Production
Mechanism of Magnetic Sail Spacecraft
with Superconducting Coils, The 59th
International ~ Astronautical ~ Congress,
IAC-08-C4.6.9, Glasgow, UK, September
29-October 3, 2008.

H. Nishida, I. FunAki, Y. Intatani, and K.
Kusano, MHD Flow Field and Momentum
Transfer Process of Magneto-Plasma Sail,
EPR-P3-203, International Congress on
Plasma Physics 2008, Fukuoka, Sept.11,
2008.

I. Funaki, and H. Yamakawa, Research
Status of Sail Propulsion using the Solar
Wind, EPR-P3-204, International Congress
on Plasma Physics 2008, Fukuoka, Sept.11,
2008.

K. Ueno, T. Ayabe, I. Funaki, H. Horisawa
and H. Yamakawa, Imaging of Plasma
Flow around Magnetoplasma Sail in
Laboratory  Experiment, EPR-P3-206,
International Congress on Plasma Physics
2008, Fukuoka, Sept.11, 2008.

K. Ueno, I. Funaki, T. Kimura, T. Ayabe, H.
Yamakawa, and H. Horisawa, Laboratory
Simulation of Magnetoplasma  Sail,
AIAA-2008-4820, 44th
AIAA/ASME/SAE/ASEE Joint Propulsion
Conference & Exhibit, Hartford, July 22,
2008.

K. Ueno, T. Kimura, T. Ayabe, I. Funaki, H.
Yamakawa, and H. Horisawa, Thrust
Measurement of Pure Magnetic Sail, 26th
International ~ Symposium on  Space
Technology and Science, Hamamatsu,
2008-b-05, June 2008.

I. Funaki, and H. Yamakawa, Research
Status of Sail Propulsion using the Solar
Wind, Asian Joint Conferences on
Propulsion and Power (AJCPP), C-6-2,
March 7, 2008.

Y. Kajimura, I. Funaki, I. Shinohara, H.
Usui, H. Nakashima, Numerical Study of
Inflation of a Dipolar Magnetic Field by




Injecting Plasma with Different Beta, Asian
Joint Conferences on Propulsion and Power
(AJCPP), C-4-3, March 7, 2008.

I. Funaki, T. Kimura, K. Ueno, H.
Horisawa, H. Yamakawa, Y. Kajimura, H.
Nakashima and Y. Shimizu, Laboratory
Experiment of Magnetoplasma Sail, Part 2:
Magnetic Field Inflation, IEPC-2007-94,
30th International Electric Propulsion
Conference, Florence, Sept.20, 2007.

K. Ueno, T. Kimura, l. Funaki, H.
Horisawa and H. Yamakawa, Laboratory
Experiment of Magnetoplasma Sail, Part 1:
Pure Magnetic Sail, IEPC-2007-61, 30th
International Electric Propulsion
Conference, Florence, Sept.20, 2007.

H. Nishida, 1. Funaki, H. Ogawa and Y.
Inatani, MHD Analysis on Propulsive
Characteristics of Magneto Plasma Sail,
IEPC-2007-195, 30th International Electric
Propulsion Conference, Florence, Sept.20,
2007.

I. Funaki, K. Ueno, T. Kimura, H.
Horisawa, and H. Yamakawa, Scale- Model
Experiment of Magnetoplasma Sail:
Preliminary Results, AIAA-2007-5857,
43rd  AIAA/ASME/SAE/ASEE  Joint
Propulsion Conference & Exhibit, July 11,
2007, Cincinnati.

H. Nishida, H. Ogawa, I. Funaki and Y.
Inatani, The Mechanism and Efficiency of
Magnetic Field Inflating by Plasma Jets,
AIAA-2007-4103, 37th AIAA Fluid
Dynamics Conference and Exhibit, Miami,
June 26, 2007.

H. Nishida, H. Ogawa, I. Funaki and Y.
Inatani, MHD Analysis of Flow Fields
Around Magneto Plasma Sail,
AIAA-2007-585, 45th AIAA Aerospace
Sciences Meeting and Exhibit, Reno,
Nevada, Jan.8-11, 2007.

Y. Kajimura, K. Noda, H. Nakashima, and 1.

Funaki, Feasibility Study of Magneto
Plasma Sail by Using Numerical
Simulation and Experiment,

AIAA-2007-587, 45th AIAA Aerospace
Sciences Meeting and Exhibit, Reno,
Nevada, Jan.8-11, 2007.

I. Funaki and H. Yamakawa, Overview of
Magnetic Plasma Sail (MPS) project and
the Current Status of Plasma Simulations
(MHD & Hybrid), JAXA/JEDI Workshop
on Numerical Plasma Simulation for Space
Environment, Tokyo, Oct., 2006.

I. Funaki, H. Yamakawa, Y. Shimizu, Y.
Nakayama, H. Horisawa, K. Ueno, and T.
Kimura, Experimental Simulation of

Magnetic Sails, 42nd
AIAA/ASME/SAE/ASEE Joint Propulsion
Conference &  Exhibit, Sacramento,

AlAA-2006-5227, July 12, 2006.

6. WFIEHER

(D) WFFe R aEE

SR —3%= (FUNAKI IKKOH)
MNIATBOE NFH M2 TR B R HeAE - TR
FRFEAT - HEEGR

W& %5 - 50311171

(2) g sy

(L)1l %2 (YAMAKAWA HIROSHI)

THBR A « FEAFRETSERT -« L1718 B S A AR AT
R - B

HFge# &= 1 50260013

K JEAL (0TSU HIROTAKA)
AR - TS - UEHGR
W5 - 20313934

Ui 5. (HORISAWA HIDEYUKI)
HHE KT - T5ER - Hidw

&5 - 30256169

(3) HEHEMFTEE

FEME  fndr (FUJITA KAZUHISA)

FHIA 2SI FC B A - BFSEBRRE A -
TR T N—T « TR
&% 5 90281584

/I 122 (0GAWA HIROYUKI)
FHIAZEWTFC B S - T B P EAGH -
FHEHMATY AT LAFFER - WeHER
&S - 60311172

%R P&+ (ABE TAKASHI)
FHIIZEWTIC B RS EAS - FHB P EAG -
FHESE TR - B

WM& R - 60114849

mE  FHid (NAKAJIMA HIDEKI)

JUMN KR « PR T 2HFZe0t - i
WM& R : 60112306

Q)W 1

PEHE 2 (NISHIDA HIROYUKI)

WK R TP LR e R « KREEbed
B —B% (UENO KAZUMA)
REMFFERFBER T -« Kbk

AFHEZ (KIMURA TOSHIYUKI)

b B Ny N = IR S S N = 170
¥l e (AYABE TOMOHIRO)

L B N Sy N = IR S N = 170
FEAH, (FUJIMOTO TOMOYA)

NG NE = T IR 155 S Ay N = 7t
KEE#sER (OSHIO YUYA)
AR RFBER T - Kbtk

FEt—EB  (MINAMI YUICHIRO)

e S N = 7 IR 2 5 S S N = 170
ez AKH (SASAKI DAISUKE)

e S N = IR 2 5 S S N = 170

T /=
22



