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Feasibility study of tribological coating on bearing for small flywheel battery
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The coating of ultra-low wear and friction film to existing bearing surface

is one of the approaches to realize ultra-low wear and friction bearings required for small flywheel
batteries. We established a technology to form amorphous carbon (DLC) films with different film
quality, and made it possible to select film quality and characteristics according to the
application. In addition, a laminated DLC/diamond film by depositing a DLC film on a polycrystalline
diamond film and a multilayered DLC film consisted of DLC film layers with different film quality
were fabricated, and these laminated films had low resistance of frictional wear and low
aggressiveness to an opposite material compared with single-layer films. Improvement of tribology
characteristics on bearings can be expected by selecting and using a suitable protective film



B X C—19. F—19—1, Z—19.

1. WSO 5

REEBRHBRT R LVF—EFER T LY
— L THMRAT201ciE, EBETA
AR VAT EANPRBETHD, 774K —
NN T VIREDF NIRRT NA A« VAT A
DOOEDTHY, FERICHT = EREO
BR%E « fENLRD BTN D,

TIARA =N Ny T U AT HNZET
LK, EUE, $K4E - diE, s 0ETH
By 774 KA —/VEBEZERICEETIIL,
AR OB TE 5, £-, $48 - diHE
LA RSB = — &) FrEICER T 5,
e T, MRRT & FERE RIS TR T
H5,

Bz R AT 120, OMEEEENE - (K
PEBREC TS OfhZ 1T, @[RIEEBERE DO IR#
M2 TRk Lzt i, ORTF s 72 L
DOERREZEZ BD, Q& LTI, REH
ST MER 7 =V M= TR ER D
L0, XA RFBESCHUNAMESE D, O
B LT, RKEEY A KA —LDH
B, ZuRHIEES &S D, i
T BEELEHIET L5 E L THOTH S,
L2 L, BREESE I —72 8 — Rk
BHLIOAT L HIE Y 7 3 2T AR KET
HY, NINTZAHRA =Ny T U ~DEH
EFRmETHDH, AR= LT —HEKOER
TANF—2EETDHITNE, TOREZIT
WCBWTEBRBER/NO T F A4 KA —v
Ny T UBREHERD, QOLREREOFIHIZL,
HIMOHFEETDITAT 4T THDIN, Zh
ECHORMEREA T HRERIIREINT
1/\}(,:1,\0

XA YT KT 427 H—1R> (DLC) fHIZ,
KBEELRBNORDTENLT 7 AH—HR
BECToH D, BEHOKFZREABEOMAELIC
Ko THEENER Y, HE»OIREBEERSRE A
H4 5, DLCIROHFTY, KFBENDIL
WIEAT RIS T7TENLT 7 A —AR L (ta-C)
L5, £, KFREDD 7 HE ORI
a-C i, KFBENZLWIEIZKT L Tid ta-C:H i
FlTa-CHIES S¥ET 5,

2. WHEOHEHM

ARG TIL, MU TFAHBA =Ny TV
DOFEBLUZMT, EEHLHO—D>Th D=7
B L, BREEEHECH S ta-C A v
e A—s3— N T A N5 T O [ EEME &2 FEHR
B LA D Z L 2 B & Lz,

3. WL HE
(1) KFE7 VU —F L UUKFE{L DLC BEDOFE L
DLC EDERICIE, TF T 4V Z— KT —
7 74 (T-FAD) #:i& % 7z, T-FAD T,
TI77 74 MNEfiaE T — 7 B LD RE
S, BHHFETHRELEZS T A~ E—0%
FERA~FH L, DLC ZkEEd 5, 7— 7 &
WAL, Fay 7Ly b ERHEND ik
K2V ERE S, 2y DLC EPIicE £h
HE, BENELIIKTFTH, T-FAD T,

CK—19 (Jtm)

7T A R & BT v 3 — % 90°
EAOMNEIZETD LT, ZORKey 7L
v NOEFA~OEY iAZEmD Tl L
TWb, TFAD 2+ 52 & T, mdE 7R
ta-C 3565,

ek T-FAD 3EE % VT RS A 7 A
N X B ta-C iR & a-CIREDA/ED 43 ichn 2,
AWFFETIE, T-FAD BT ¥ > /=~ KR T
AFETIIRACKE T A ZEA L, ta-C:H KB
FWa-CHRA/ERLL 72,

(2) BRI X OEREME O FEAM

JERK L7z DLC BEDRE /38 Clk, 7~
IICHIHTIC K B EREEMAT, XA HRIEIC
KAEBEOCEY, /AT rTr—vay
B X DHAOEE SJE, 7Y 74— Rtkh
BCEL/BAE ROk AT I K D KFEHED
WE/R ExTo T, KRETE, TO—#%
R,

JEEAE T, b7 A REE L L CTHTFM %
B bR R AR SN T, BRI A
FW TR U7, BERmFEETE &k, SHER &5
BOBIZEAYEL RAT U —%FL,
ERICK v RBREEWEST D HikThb, W
FE% OFRERF PO IR LS, R D RHEDS X
BLXind,

4. WFFERRE
(1) BEDH 72 % DLC DAL

FEMASA T AEEE-1I00V & L, Fr N
—WNA~He D W AR A A LB L= DLC
DT~ AT MV EK 1IZRT, No gas
%, HAHMALRLTO DLC IETH Y,
OHFIIEE RS, 2, T~vU AT b
VTN BAF B AVTZ4 DLC RO Ip/lg bbb ¥
Iz Lz, Ipllg lEAS/N& v DLC B &,
LvETHD,

T UM L OWEBREE, ;A T
VT—va U, EPKBEEEEND, T
¥ UN—E AT AFEIZ L HRD KD A
DLz, KEHTABEANTIIKEEHRED
DI WEE 7y DLC i (ta-C:H), 7k&F L
T AE N TIL R ESEE 0 K#EEA DLC
B (a-C:H), =F L o HRAEATCIIAESH
HED%\W DLC J# (a-CH~KRV~—F 147

8 G

1°

= 6 TN 044
€ "l

£ /4é‘x2
‘24C2H246?_n_n1___::‘~~-._\_\~ 0.40
= //¢\X2

é 2_H2500nm L \ 0.29

300 1000 1200 1400 1600 1800 2000
Raman shift (cm'l)

X 1 KFEFEOES DLC DT~

VANRYT kL



‘r 0 j : 01mm 01 mm’
X2 ERmAFERBR%ZO (@) X1 vEUR,
(b) ta-C/¥ A ¥R, (c) ta-C I T
DR

K3 @ FA4YvELR, (b) taCl&¥ A ¥
F R, (¢) ta-C MBI 5 BRIk BE R bR
#% Ok

DLC) &t 7207, F ¥ o _—~DEAT AT
EEZDHZ LT, HEIGTT- DLC ROfE
DT RAREE p o T,

(2) 4 ¥EL FLDLCHED kT A REE

ZAEIL A A Y Ra—TF 4 71, EBh
T MMNEEREMEAR R & L C, BT HZ B fd
AEnTnbd, K2 (a) (&, EREbfEERERIC
X0 il o 7= IR O BF SR 2 R4, Bk
WFEERER CTlE, 2R 4 4 YEY FEICtaC
5 % B RBE U 7= A e MR 3 B b i WO R RN &
mLTz, I, XA V'Y REEOH X
ta-C LD BEMERfF 5 S, A YE L KH
BREEX D s EEEE SO EE XD
nas,

M 3121, HabBloERmpFERBR I AT
MEROREHETELZ T, K3 (a) BIW
X3 (b) 1Tk, X3 (c) ClEBMERFmIcIF
ENEERR LN o7, T, ta-C K
DOEWEEEB OS2 0 TH
B BRERAATYELY REAWEZ L2k,
B O AL, X3 () BEO
X 3 (b) TIIMMERE M ICZEDOER A BT,
L2rL, K3 (a) iextL, X3 (b) iAo
HEL, —HERTFINERL, X5 B
W, ZHUE, ta-ClEa—7 7k, £
FEER A A Y'Y RREOMMEREM S &
OI-HFMEEEORD 2R LTS,

Lo A Y e R E~D ta-C Al
2D, EWhTA R ERTa—T 4
7 EERS BT,

(3) DLC %@z & % BEFER PR ) |

DLC OB MEEZ I HICm EESE5720
2, ZIEREERAEER LT-, ta-C s EHEE
A DLC (N-DLC) fxZzn+hllgL L, &
HIZ4BEFIIsBE CHB IS BEE
DLC & L7z, mFEifEIX ta-C TH Y,
N-DLC i3 /kFEEA DLC DAL & FIRkIC

X4 EREAFERBRZ O (a) ta-C HE, (b)
N-DLC H¥iJ&g, (c) 4/, (d) 8 f@&EiEics
T D IFETR

T-FAD #E@EZ VY, Ty o RN—~ERB I A%
AT D& TERLE,

FIA T T —3 g Ui SHIE T,
ta-C 52 kb~ N-DLC JEODRE X (3220 LT
Hot-, AJgL 8J@n%)E DLC 51X, ta-C K
& N-DLC D FFEE O & 2R LT,

B4 412, EREMFERBRIC L > TR O E
J& DLC fi5 & £ )& DLC 5 E DR EEE O 5 H %
AT, X4 (b) [ Z/RTHVE 72 g N-DLC i
X, BMBEERNELS, KEJEELTY
oo ZHUCKL, X4 (a) OHJE ta-C R E[X
4 (c) @ 4J& DLC 5k, [RIFLEE it EEREM: 2
RLTz, 612, K4 (d) [Z7r7 8 J& DLC
L, b RMBEHEENE LS, BB
PER LTz, WEE LR OMAS DRI
X0, DLC #2811 DM EEEREEREME AN b
L7,

ARSI, A e R — T
TIZEY, W b T A RSN BT 5 ]
REMENH D Z L EZHLNC Lz, B, Y
TENT 7 AH—RUNETHD DLC I,
FORE OMBAEDLEIZL Y, ko H B
PLEICEN b T A R E R LTz, 2Dk
) IR BRI, N T A A — L
Ny TV EEgo Rt xR L X —F o
AVAT LADOEBREREXIESTFHHDT
bHLEZD, -, BIKEEEEFZ H
e a—T 4 7 HANE, S%0E =RV
F—HBCKRE<EAMT 2D EHFEI N
2o



5. ERRERLE

(WFFEfREH . e

Gy K OSEEERTIEH 1

ESN )

[ﬁﬁuu uh‘ﬁjC] (%1' 4 ﬁ:)

V)

O]

(3

4

Y. Fujii, T. Imai, Y. Miyamoto, N. Ueda, M.
Hosoo, T. Harigai, Y. Suda, H. Takikawa, H.
Tanoue, M. Kamiya, M. Taki, Y. Hasegawa,
N. Tsuji, S. Kaneko, Dry machining of
metal using an engraving cutter coated with
a droplet-free ta-C film prepared via a
T-shap, Surface & Coatings Technology, %
t A, Wol.307, pp.1029-1033, 2016,
DOI:10.1016/j.surfcoat.2016.07.037

S. Kiyohara, S. Yoshida, I. Ishikawa, T.
Harigai, H. Takikawa, M. Watanabe, Y.
Sugiyama, Y. Omata, Y. Kurashima,
Fabrication of diamond-like carbon emitter
patterns by room-temperature  curing
Nanoimprint  Lithography with PDMS
molds using polysiloxane, MRS advances,
& H A, voll, No.16, pp 1075-1080,
2016, DOI:10.1557/adv.2016.49

S. Kiyohara, Y. Shimizu, .l. Ishikawa, T.
Harigai, H. Takikawa, M. Watanabe, Y.
Sugiyama, Y. Omata, Y. Kurashima,
fabrication of diamond-Like carbon
microgears in room-temperature curing
Nanoimprint Lithography using ladder-type
hydrogen silsesquioxane, MRS advances,
#5i4, Vol.1, No.16, pp 1119-1124, 2016,
DOI:10.1557/adv.2016.126

WRE S, I, BB,

PDMS & —/L R & MW ic sl {7/ A
7Y MEIZE D DLC O F 2 N

i, ar_"—=Fvr, Kk 492
%,  pp.36-40, 2014

(PR E) (32 1)

(D S, SHEK EIFE, &S

(2

3

(4)

B, FAWEET, BINESL, meRE,
SR, BIRES, GEMEN— Fa—
T 4 > 7272 DLC B8 X O%( L DLC
BEDOENE, %6 64 BISHAYBEFEAREZE
a4, 2017.03.14-17, /\°°/74:1f;ﬁ
e (2R B - BT
B, AHEKR, BEER, ZHHE
EF]AT, WG, MRS, &1,
BRIk B, HTESIEA,  AEE, K
#71—B L UUKkFE/ DLC H%@ﬂ&ﬁizé:
BE 53T, 56 64 [RGB EZE

firi#s <, 2017.03.14-17, /\/74:@
e (PRZRIR - )

PEERZE, ShAE, BREMASE, R,
HMELT, ®INER, 740 ¥ — R

VAT — 7 BEEER N2 T AT
Y A=A NEOERLE S5 4, 55 135 1]
KB SR RS, 2017.3.9-10, K
FERY: (BrER - 1)

Y. lijima, T. Imai, R. Isono, T. Harigai, Y.

()

6

@)

®

9

(10)

Suda, H. Takikawa, M. Kamiya, M. Taki, Y.
Hasegawa, N. Tsuji, S. Kaneko, S.
Kunitsugu, H. Habuchi, S. Kiyohara, M. Ito,
S. Yick, A. Bendavid. P. Martin, Fabrication
of nitrogen-containing DLC film by fliltered
arc deposition, ISPlasma2017, 02P83,
2017.3.1-5, R (B AIR - A H )
RS, AHER, BB, StaiE
AMET, IS, AR, r‘EN
BRIIHL, SRR, ©€FF, BRE
i, YAl v, TUAXRVTAEY
R, Za4r~—7 4, FUICE,
PVD-CVD A 7 U v R7a&R|TL
DEFEAH DLC OB, 2 77 [
B2 KA 2, 2016.09.13-16,
KEA vt CHRE - k)

I vE, S, SIS, SRR,
B s, AT, mJINESLE, P
208, 74 NVE— RSV ART — 7 FKEE
% 7= DLC Hﬁ@f’ﬁik o, 77

[\ s FH 4 B 52 S Rk 5 20 il
2016.09.13-16, %?é’% vt GHBE - %ﬁ

B

RS, AFER, BRErE, #HeaE,
FHEST, WBIEL, WAy, e,
RIS, SHEIR, &1, Bk Ei,
JINEHESL, SRR, JEIRE =, R
g, YA v, TO4R_RCTFAE Y
K, 74 0~v—F>, T-FAD %W /-%
FA DLC BEOER, SEpk 28 4R
Ko B TERBERT S O SGTE A
£ 2016.09.12-13, W TS SEME
B - BT

AHER, SRR, SHAE, 28 HET,
IS, MRS, TR, BRI,
IR, A1, 35 BEEEAES, Bk S,
JIEHESL, JEEE =, WFWE, %L
AT, OHEEARARE, (LHEEE, T-FAD %
V= DLC:H [ PVD-CVD A 7'V v

NRiEE, PRk 28 AEEEL - E rﬁiﬁ
B MR % 2 W X E A K2,
2016.09.12-13, ?;BHI%*“%‘F'H%& (%
IR - B )

BeErvE, $HaiE, SFEKR, LERE,
HMET, WIESL, PRCE, 740
H— ROV AT — 7 RELEE O FUESR
rié: DLC DL, TRk 28 Ef“a:* .
- 1E B LR B S A

2016 09.12-13, & FH T3 M S B P (&
N - BT

SHER, B, PR E, 2HHET,

V)G S, RS, e, BRI,

IR, A1, 35 BEEAES, Bk S,

JI O HESL, JEEE =, WFWE, %L
A, rEEARRAME, LEfE T, RE/ K
FHORRZDFEHKITAZENL T
T-FAD |2k % ta-C:H B L WMa-CH O
Bk, REEMN S (55 134 [MEEERR),

2016.09.01-02, HAbL K= (EaElR - L&

-

i)



(1) WSS, THRBE 7 ¢ V2 R 22T

— 7 REEEBIONEMSNMD L CED
BA%E, F I AR n T —2 2016 F BT,
2016.5.23-25, [E i A Y ¥y 7 iRaEH
FiRater 2 — RS - BRX)

(12) #taviE, AHER, SSBHE, KIFE,

(13)

(14)

(15)

(16)

A7)

(18)

PRI, ZAHET, B#)INEE, e
F, WEE, BB, HER, 740
Z— N7 — 7 &EEEZHWIchooRiR
Iz & 5 HRE(L DLC DR, 2% Hfl
e (55 133 [RIGHET K<) , 2016.03.22-23,
FAEE R CROAUHR « g 1X)
SIER, IR, ILEPREEL, $haiE,
ZUHEAT, )5S, M. T,
BRI #hisk, HEIR, ta-C/¥ A '
RO A v 7 A N EEFERRER, % 63 [Hlii
LEE7/: s S R (T
2016.03.19-22, HUR LZERY (HRHD -
HERX)

S. Kiyohara, S. Yoshida, I. Ishikawa, T.
Harigai, H. Takikawa, M. Watanabe, Y.
Sugiyama, Y. Omata, Y. Kurashima,
Fabrication of diamond-like carbon emitter
patterns by room-temperature  curing
nanoimprint lithography with PDMS molds
using polysiloxane, 2015 MRS fall meeting

& exhibit, 2015.11.29-12.04, Boston,
MA(USA)
S. Kiyohara, Y. Shimizu, I. Ishikawa, T.

Harigai, H. Takikawa, M. Watanabe, Y.
Sugiyama, Y. Omata, Y. Kurashima,
Fabrication of diamond-like  carbon
microgears in room-temperature curing
nanoimprint lithography using ladder-type
hydrogen silsesquioxane, 2015 MRS fall
meeting & exhibit, 2015.11.29-12.04,
Boston, MA(USA)
SIER, IR, (LEPRFAL, BHRE,
AHET, MINEL, MaHY, HE,
BRI, THEIR, 74 VE— K7 —
7 KEEE AW F-DLC DK,
AR 27 FREES - A - HRERTER
WS A K4y, 2015.09.28-29, 4 &
T¥ERT (BHmR - 45 ET)
R, AHER, BARE, HRE
AT, W)INEN, XA, matE
B, WE, BR)IEE, HER, &8,
LIGZ, BIREHES, I AL, =R
—, BENREREC LD 7 o vE— KT
— 7 735 DLC DIREZAL, Rk 27 425
B B - HWRBAR TS A S S
43, 2015.09.28-29, 4 B L3 RT (5
L - AR
Y. Fujii, T. Imai, Y. Miyamoto, N. Ueda, M.
Hosoo, T. Harigai, Y. Suda, H. Takikawa, H.
Tanoue, M. Kamiya, M. Taki, Y. Hasegawa,
N. Tsuji, Super DLC coating on cutter for
metal nameplates by t-shaped filtered arc
deposition, 10th anniversary asian-european
international conference on plasma surface

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

engineering (AEPSE2015), 2015.9.20-24,
Jeju(Korea)

S. Kiyohara, 1. Ishikawa, Y. Shimizu, S.
Yoshida, T. Harigai, H. Takikawa, M
Watanabe, Y. Sugiyama, Y. Omata Y.
Kurashima, Fabricasion of diamond-like
carbon-based micro/nano device using
room-temperature nanoimprint by
industry-university collabotrtive reseach,
the 9th international symposium on
advances in  technology  education,
2015.9.16-17, Nagaoka(Japan)

SIER, IR E, INEREL, e,
ZHELT, MINEL, MY, e,
ERItise, IR, 74nF— K7 —
VBRSO TER L7 v EEHH
AYELRTA 7 H—KR P, % 76 [0
o R B 2K E S,
2015.09.13-16, 4 R EEREES (B
W - Aty )

R R, AHEKR, EARE, HRE,
AMELT, IS, RN, ek
5, WEE, BRI, RN, 275,
LR, BIRER, JIIOHESL, =ik
—, T4 NH— RT— 7% DLC D
100°C 5% O BRAEHE FEAR A7, 5 76 [F1E
Mo B = Rk Rl G,
2015.09.13-16, 4 R EFREES (FH
W - At )
SR, BRI, $H3E, HHET,
)5S, PSS, T, R,
HEIR, 7 4B — K7 — 7 ZRFIEICL
L7 v RERLAYEL RTA T T1—
RO, Rimfdipe (5 132 4]
AR RZY), 2015.09.09-10, fEN K% (K
B - REBFH)
EAREN, ERIEZ, Al —F, $H4iE,
)G, BBHEZ, ZilgEh, MRE
fot, AEE—, NI UAFLvaxH
VEBEMELE LTHWEEIRA VT
Uy hMZ&sd DLC By h3¥ =D
i, A& L4y 2015 A FERE P H 5 E 1
TS, 2015.06.23, D LIS ke
R G - 5t

oS, EEE T, 1), #HAE,
WIS, MEBHEE, Bk, MRA
Ao, B EE—, MR N> ~ PDMS €
— /v RERBET A7) v Mk
% DLC =X v ZRZ— DR, E
T4y 2015 412 B TE 5 & W1 0N s I
2, 2015.06.23, ni# Lol R Of
HRIF + HCHS )

Y. Fujii, Y. Miyamoto, Y. Suda, H. Takikawa,
H. Tanoue, M. Kamiya, M, Taki, Y.
Hasegawa, N. Tsuji, Dry engraving of
metales nameplates using cutter with super
DLC coat, IS Plasma 2015, 2015.3.27-30,
Nagoya (Japan)

KGRI, BEIRE, FEJESL, S
F, KW, KFEZ U —HEEEEDL Cif



BEC BT 2 IR B AL O E * F M-
A FME T EERIC L DT, 5 62
EISHAHEEEREEZEMHEHRS,
2015.3.11-14, FyERTF (P41 < P
1)

@Q7) BEHRE, 5 HEK, BAE, HEET,
WSS, B ERA, MRS, BE,
BRI, SHEIR, & 18, ZHRZ,
BRI B, )1 ARERL, i —, 7 4L
X — K7 — 7 KEE TR L= DLC &
DGR, FmE BN 131 [AEEE K
42, 2015.3.4-6, BARUFBER T (P71 I -
FRIETH)

(28) B E, =R B, HABET, I
H, HEFEAN, RS, B B, ER
JIttise, sHEIA, A—/3—=DLC 2—7 ¢
VI H B —EHWEEBERD KT
A NTOIHI, R a5 130 [FIGEH
K%, 2014.09.22-23, FH K CGUERRT -
AR

(29) & 78, ksE, WOKHE, (ke
¥, WNGRGL, RIREME, = SORBE,
RERIER, W)INESE, TR, /IHHE
Wi, ZHPEELE 7, MamSESR, HAHE, T
RNy Tr—%HWET U o EiR
FIZE LA ATV RTA4 T 11—
R, 57 5 EIGHAYBLE S IKE#
TE4, 2014.09.17-20, dbigE K% (kg
H)

(30) BEHMEL, ' AHE, ZHH T, WE)I1IEL,
H EgE N, fhases, e, BERIIIh5,
HEIR, 74 NVH— KT — 27 7KEA—
—DLC By v ¥ —% A\ =fAx D4
BORZAUHI, EX - BT - HHREGR
AW EE A4, 2014.09.08-09, H
R (EmE - 4 =)

(81) HHEEE , WHEE -, #)l —F, K
JIE s, JEBHEE , Mt , IMRE
Yo, AEE—, PDMS E—/L K iR
wik>r /A7 N VY TTT7 4 0T
k% DLC Fy h7 L4 OfEH, 2014
HEFE RS T BEVE LG IR R,
2014.7.4, WTEEKTF (KRBT - HKHRKH)

(32) W ARMEA , WEE— , F7)Il —F,
JIE SR, VEBRHE , it , MREE
foF, ABE—, LI/ HSQ Z MW
I-=RiEMibF /AT NI T T T4
IZX 5 DLC ~A 7 nXY¥DEE3, 2014
HEFE RS T BEVE G IR TR R,
2014.7.4, KT (KBRS « HOKRB)

[ 5F7 DM - 2017 4F 4 F, 2016 4F 9
1, 2015 4¢ 14 1, 2014 4E 5 {F]

(F] GF314F)

(1) BEIESLE, 74 vE— KT — 7 RELEE
IZ& Y DLC %AlD, 77 A~ - Eilh
F425E, Vol.92, No.6, pp.466-471, 2016

() ®)IEs,  EEEEA, R,
TFIRT 4B — RT — 7 REEE L

g A —/X—DLC D BH%, 2014,
80(pp.6-9)

(3) WEE, LR, MM, B)I¥EH,
HAFTZ M AH hu=2r 2, Otk
a2 7 b, L X7 B R~
®» DLC ®J&MH, 2014,  50(15-21)

(Z Dfh)
T D=V
7T AT T RNF = AT LFGEE
http://www.arc.ee.tut.ac.jp/

6. AFFERRE
(1) wFgefds
B S (TAKIKAWA, Hirofumi)
BAEHANR RS - TEF5ER - #%
W45 : 90226952

(2) BF e bh 10 %5
IR &= (KIYOHARA, Syuji)
B T R R AR - I LR
IR
WroeE & 40299326

&+ 2 (KANEKO, Satoru)
PRSI EEER i v X — « ZOMELE
E =

s %5 40426359

M #A  (TANOUE, Hideto)

TN TEEHFEEHEM PR - EXRE T LT
B - GHAR

WF7e# 2% 5 - 50580578

ZEM  #fT  (SUDA, Yoshiyuki)
BB RL PR« TR - ez
WF9eE 25 70301942

#4% 7 (HARIGAI, Toru)
BRI - TR -
WF9e4%& % : 20757108



