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Polymer electrolyte fuel cells (fuel cells) can be potentially employed as sources of
clean energy because they discharge only water as by-products. Fuel cells generate
electricity with supply of oxygen and hydrogen gases. However, the water produced by
the fuel cells blocks the gas supply, thereby degrading their performances. Therefore, it
1s important to understand the behavior of the water produced by the fuel cells in order
to facilitate their development. Neutron radiography is a useful tool for visualizing the
distribution of water in fuel cells. We have designed fuel cell operation system for TNRF
(Thermal Neutron Radiography Facility) at JRR-3. The fuel cell operation system
consists of various components such as gas flow and humidification systems,
hydrogen-diluting system, purge system, and safety system for hydrogen gas. We tested
this system using a Japan Automobile Research Institute (JARI) standard cell. The
system performed stably and efficiently. In addition, neutron radiography tests were
carried out to visualize the water distribution. The water produced by the fuel cell was

observed during the fuel cell operation.

Keywords: Fuel Cell System, Water Distribution, JRR-3, TNRF
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RN LB THN R FEE S 425 V23,

JRR-3 1T E SN TWAH BT A4 7T 7 ¢ #5i& (Thermal Neutron Radiography
mewﬂmmmmEW%%ﬁﬁwﬁﬁ%ﬁ9%??74%ﬁﬁﬁéﬁ PREL RO FE B

ZEIT DNEARSAADRNED =— XN EE > T D IS THE 7 7 B LR i 1 25 i X
ﬂfw@ﬁoto% TH# 13 TNRF & W THERHIZIS T 2 BREHER P 7K 5347 O 7]
B FEBR % ATREIC T 5 T OB BT B 27 A (LLF, BV 2T L) OEEE{T-7-,
AR TIERE Y AT O TR, FrERBROMSE, KOREL AT L& Lo+
FIUFT T T 4 FEROFERIZOWTHRET D,

1.2 B ES1RBRR R O
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PREFEE ML, EARERE A IR EE . T RAEEE, BN —& | EERT, ITSAE
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PREFE MO E RO E 2 Fig. 1.1 IR,

PREFEMIL, KOBROR &L OLFRISIZE D | PR F—nbEBR =RV F—
NEEBEEHRT LD, MDY RT AR THREDRENEG N E WD M EET 5,
ZOFEEZLLTIZHRRD, 7/ — RiZBWTid, B8 —Z G OKFE N T 2 JEE)E %
U CRlEE~ & —IB 2 B, KEDBKEA G EBLITHPND, KFEA L IXEMR
BEDOF ZE->ThH Y — FOG~BEI L, EHIASEE~ghsd (Fig.1.1 7/ — Rilo
%), —FH., B Y—FRizcBWTlL, B —2REOmEE, 7/ — )b EMRENIE% 1§
S TEIKFEA A, FNFEIEN OB BREROVTKIZZR D (Fig.1.1 1Y — RMilofk
T2,

29O LI ORISR TIE, F AR, EBE, BE, JEH%, e p 74—
5ﬂ%$ﬁrL%%%&i¢ Bl 2%, FERIIT 2 E2 I L CHET 285808520,
EAFERIL, WOEMETT 5 L KBFOBIRIIAE 20 | BEHENEIR->TLE
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EMHREINTERY ., BURKD | WA O FEOkkx RERBITON TN D, 5§ 2 fRg=
WITESNWERBRBE SN TREY, REIONC RY U7 RGO E OBICB kS
NWHD, T E—LRKFOBIIEORENHL G, RS LTHEET 5, 7ok, K
WEASWVEEIZITA V¥ —a y 7 BRI S, EXRBW TV ARETIIE— 22 BT 5
ZEIETERY, BogENOREBIA~OBLE - BT, RIFICRE SN 7T 71 (A
TIEHFZ 7 TCHELNTWD) 2 LTITIH,

—WREV R T DA T T iR, BB A U7 P A R AR IS K o TR
HAZEBL L, T 4 VAR A T H TS T 5, TNRF TiddsE, v orFLr—48
T N—Z EHAEAB CCD I AT WAL Z ERZ, Fio, sERCEBRIZIL U THME
FARA=TA LT T AT DR AA A= T T L— kO EORHA NG L
HWD5E60 55, Figl.2 TEyrorFL—F, B, CCD # A 712 L - THER S iz — i
H7efmlp s AT bhamRd, Vo FL—FRIa L N—F EBRHICIAT, o TFL—2nb
DA EFEFRND 24D 7 —%5r LT CCD I AT TR T 5,



JAEA-Technology 2011-037

2. J&E AT ADOtEE

2.1 HEL AT LORERK

FHEY AT MMIEID, FIEEEARER, BET. YRR e & 0T A GO B
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X, W ABHETE D & DK N A i B2 (Mass Flow Controller; MFC) it £l f# L .
S E AR O FIFIE C A A DINR AT 5o KB AL, BB AR X0 R #E S
NIEEEZ®Y . IANNT v 7 %20 U ORBIERE VA~ S D, BREVE D & HEH
ENTT 7 — KA AL, PEESIEEE A~ & fih, BlE &I U LT KBRS 2T A
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EBISRWEINET A E2RINT LN TEXS, SO, EFXX—VUITA/ VERELT
BY, BRI AEZANTENENDORKE 23—V T2 2 LX) BEREKET ASAERAKE
PEHT B2 LN TED 9, PREHEEEE L, REHERL O H 2 PE A 2 INE R3S 7o o1
BT DA, FEEEAREO T AN CPERIEER £ CORENMETE 5, wRMED
A THLHKBHADOERICE T 2 Z2ME2 T I E LT, TNRF OFREENTK
TR AU ISR B DKFE Y — 7 =X —F HKRERMEZ T 1T T 5,

LITIC, BV AT LEMERT 5 LR Z OV TOFEMAZ LT,

2.1.1 M AR

HIEEE EAMRIZ 1T MFC SCAIFME N G S T D, S E AR ORI e Oh
BE5H%Z Fig.2.2(a), (b) (277,

/NI DB A & 7 BIOBRELEMSE, A ARLTBAIRIC K D B L 70 D T A i &
MBI D720, 1 — Rl -7/ — RN T AFTERO L PR 2 2 Rk MFC (R
HEHE HM1000) % 2 2R AfFNcikE Liz, 7/ — KT 4 > Tl K &2 0.5L/min
J V5 Limin @ MFC %, # Y — K7 A > Cldi K& 2L/min % Of 20L/min © MFC
EAHNFRE L AT AT A T OVTEIEIZL Y SIS H 9 MFC 23095 Z & T,
LEHRE) IR HEPH O 7T AJE B DA T THETE DTk L Lz,

BRI TS T A O & () 26T 28 Ch 5, faFE K OWRMRHE &
ZEROKHEH TN X v 7 Mok S5 (Fig.2.1 XU Fig.2.2 () OfafiiE s R)
IR Z A > O F ATHRABE 2> B KA A2l L, £ OfE g S b, IRiE 77
— G EBRH L, BETAOBSNEETOKREFE LD LIS TV D,
TRFHER R ORI T e — Z Z NI E L, TR TN OIRERIEEZITS Z L IC LV &
M IREERSICHIB ATRE AR Uiz, T/ — MR O Y — Nl # v 7 DR &



JAEA-Technology 2011-037

ITZFNZEN 9.6 L N 3.0L, fHAAKEIL5.0L KO 1.6L, KN HEALEIEL 360mm K& O
300mm & L7z, JHEE e VKA ICE Y 11 bz b — 2 X &, 7/ — RITT 750W
JL OV 200W, 47 Y — RfAIC 2000W J2 (X 500W & L, b—X{EEIX KEEMcE =
2—IN5,

Z O, HIEEEEARRN O A ARE H O E ) E (KELLER PAA-23) % %4
LCRY, BHOAOMNCHY T 2ENE2E=2—35Z LN T 5([Fig2.1 &2M]), €
=% —Tw[He/eEJHiHIE 500 kPa GEXHELA T CTh 5, & HIT, Bl E AR IRk
B AFET DD DOEFAMEENIRE SN TS (KE2HSH),

B OB ML 72 & OIREERET, A AP SRRV 7 BRI, HlfE Y 2 — (B
LT Z-TIO) KO PLC (Power Line Communications, —Z£% FX2N-MR64) il
L., #Eisnizar Ea— 2L ffEIcERERETE 5 @ w5R), Fig.2.3 (il
o 27 LB A2 7T, B —% MFC LG5 F OBV EMDIEE T A —2 F X
FEEH OB RN T HRKERAREOSHE L, HHEY 2 —L a2 L TE=X
— RO S LD, B2V T ORRPABRIERLEME B OZE R OERFE(EIL. PLC 2/ L
THIE S5,

2.1.2 H AL F

T3 — R AR (2280 ABRTR) & LT, HARC_ERN Air 27 Ly
(PUMA MBO0204C) #f}f [l C& Z4tkk & L7z, B AKIZIZ Alr 27 Ly
AR REFHGET DIDDR— NRENENHIT N TEY | SV TEIEIC XD fEifE
I B2 TE ARG L o T D, Air a7 Ly OR— MIiE, BEE~D D
V= RHAIREATH 2 HBE L, AA VI A NEORMPY ZWAEIEDHTDITT 4
IVE i T,

T — R AT OKE T ZAEAEIR) & LTk, KEREA -~ (JSW
MHCh-450L) ZfEH L CT\%, ORI EDKEITHIL, KBS TR <PEE
DRFEW A4 (R v = A X V-NiMnCo £4:) IZHETORRETEE L, &Y D& RIR
FEKRERATHHFEHZAA L TCWD, ZORGIERSIETHY . Ro_EZHEAILT
WhE (10~30°C) TAFEH AZFEATIUE, BfF L@ S 270mm, & ¢ 8lmm DK
FWEAR o _ROBA . FEBRBT FICBWT 450 NL OKENRFHEAETH D, —F. K
A ADEU UII/KERIGETE & T OE GEER) ICXViTH 2 emTE b, K
FWEA LB (K 40°C) 52 LI2X > TARETOKRERFPEHETBIIL, £
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VARIZEY (1T T B —F OINEAEIENC £ 0 AR I AR E N AT Y 2 N TE B,
KB AR % 40°CTHIEN - SREFSN7RIE T, AKRFHHREITZERH 25°Cl2
BWTEBLZ 0.5~0.6L/min TH 2 (7272 LR XN OKFEW BB T EIE 2 b+
%).

IKFBWEAR R OH AR ORI L OSMBL T %4 Fig.2.4 (TR d, KEWEA
AUTHEE BRI S TR Y . 2 AR ARG E Lie, W ARG 2 Pl
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AR AN S SN AF L X 2 L— & THE SN MFC Tt &H#E < vkt
BTG END, 7T/ — RATABEDODNALT L, KB AOEREEE L =7 3
=SV TR LT, KETAZFEH L72WZEOMOEE DL 7 X BRIV
TEMEHA LT,

2.1.3 FlEH

HIEHEE B AR & TNRF 52 =N OBEFE 2 L O 7 ABE I, FVET-FREHC X 2
bR R S50 1/4 A FOF7 70 F a—7 (Swagelock PFA F=—7) %ff
MUTe, VARV b — 2 RS CRUE 28, BUE WO T A I THIEEE AR L VIR
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Bl/E A @ 5 FR THIE T A D3 HEEE T 5 AlRetE R & 2728, fEgEKDORELZ By &
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FEEE AR L 0NEN - JBELRFF S, IREIX KBVERZHVWTE=4 -5, B
BEMO b —Z R &L, HIEEEE AR 50W, HIEEEREANLI AN T v
TAARETKPIA RN 7y 7HANLEMARDETE 300W, XA M7 v 7T
100W TH 5,

2.1.4 PEEHIEHLEE

PEIE RIS E O S8 K O % Fig.2.5 (a) & OVb) 12T, %ﬂﬁmtwwﬁxw
MR ECOREMETE 5 X512, REFEE L OBICHEERIEEEE 2580 72, A
%ﬁ@ﬁxmﬂmﬂ4ﬂxﬁ(Y/FFW:iTZ/FH—WAW7\ﬁ/—%%:%
W sn7) Leplsr (x4 FRKPV050-2-20-FM-S4-02-39) #FFICHEmi L, X5
CARTHIEEENOIE 12T =2 —F 2 E e 2B 7, ~AARZHALDLZ
LIZ RS THBIFPMEBI L, ¥ 7 NOJES Z TR Ak L Uiz, HEEIXHEED S
200 kPa ECHIHITH Z LN TE D, FAMEIL, BB O OYEH T 2 DK%
PRETDIAN N v 7OREIGRTT, TNENDOX 7 DFEREITF 1L & L,

2.1.5 KFEMRT AT L

JRAF R PIZ BV THE S 2 KB OIREDEFIRERFE (Z225H 4.0~T5v0l%)
ERBIRWVWESIZ, T/ —RIA VDo DTAZREFRTHR L, KFEIRE 255 64
TLLDDOFMNS AT LT e, KFJEMRS AT LSBT EKR AKX % Fig.2.6
R T, BREFEMODHEH SN T ) — KA AL, BREIAT A L U TKRERRY AT L~
AN HRABRERANYy 77 =407 (UFxy RAT L SFV VU —X) NTEHRET R
LRI VARSI N D, FIRS NI AIFHE KR L EE AR L7 a7~ &,
PR AT A DKBIRE LT =F —T 572D, Ny 77 —2 7 OERICEGIHOKE IS



JAEA-Technology 2011-037

(Br= A& AEH PE-2CC) Zi%E L7z, AX v 7 BIBREEMSE, ZEOPEH T A M
BAETDHHEEEE L, KFIRY AT DIIHART A (2F) WK KEE 20 L/imin
O MFC Z#&iJiz, 7/ — FUTABREWKRREDOEFHHIND Z L 2Wi<T=), fr
WHER T AD MFC MMEIEORIXT /— RHAH MFC ~0O 8 v 7 BMEBf§ 54 %
—nu w7 BRI,

2.1.6 ZEHR/N—T VAT A

Y AT LMERG K OBRERHICIE W T, SO ENOREKB A RET 2729
RNEWET A THDHERIT AL D=V AT AEiT T, Fig.2.1 0)712%1;%5&.0)&
N, AT RIEIZE > TT /) —=RTIA 2, WY —RTA4 28T AMBENSERT
X&%% CEIV X D ENTE, BREKBELHET 22N TE D, £i2, HEEK

Z 5 ;A#H—’JA ° ﬁakﬁlﬁl@ﬁf 7k/$\ﬁ)§‘g ?EA%RVXTA _‘{;”_‘j’l/j;i 71’:1/\4: 9/\_“/%\‘@5
%% =—KA/9L7 (KOFLOC RK-1650) &3&1F. FWC X 2 At 2 7
Bk L, =— A L7 ORI 1 Lmin Th 5,

2.1.7 KFRRENT AT LR OIEF SRR
PREFEMSCEE S0 b DKFE Y — 7 =4 —F 57, TNRF % 2 #ERENEL, K
FWER V _RENLOKERIRS AT DMMIEHE RO KERIER (Fra 2T 2EH
KD-3A) Z¢E L7, B —AHERHIH 1 e =b B — AL a2 I LT 2 g2 & Z2fH]
%;Oﬁﬂék . WEIROKFERIG o A E A& PE-2DC) %% 1 =
Lﬁ.@g27%%) HEEBRPIIEIOKERRELT=F— L, REMU LIZR-
A, KBERGBIZ LV EBEREDPRETHU AT LER>TND, £, HBEHFITE
%%%ﬂt*otﬁ"‘ HEIAT LEBRAEIL, BRA—TVETHOOIEFELIEE
ki,

2.1.8 &E AT LD TNRF ~Di%#E

T AT L& TNRF ICikE LI2REEORM %2 Fig.2.7 ITR7, BRFR/IZERA X,
BEHRR L ARRLEFA—VH=— N UL 7L TNRF g RSMIRE L, S OICHIEEE
A, Air a7 L ya=y b KBHRT AT ACKFELREE TNRF K EICFRE
Lto°2bb§yf PEIE ISR, KFBRAEORE T 2 B EMLE /11X TNRF

R ENICHRE Lc, TARESLCEXEMIL, TNRF IZERITLATWD 7T 7 1L
(Fig.1.2(0)2 M) %@ L C TNRF PO 28kt T 5, BlfiCBLE 283 72 |2 fif
M L7z TNRF O 77 7 UL, BEBBIMBIZIRN IR WL DTN T T 4 7 m y 707
2y 7 CRREZED .

FEBREITHIEA =y Frara—42 (LUF, $lfiH PC), EHE/\—V VAT A
FEFEEIEARY N THRES AT LOEIELITH, BEV AT L% TNRF ~RE LT-
RREDEFEHE % Fig.2.8 |2/~ 7,
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DFEMMAFLT,

2.2.1 fHl4E i

HilE A PC Lofil#m i 2 Fig.2.9 (Z-d, Eif RIZ, U A DM Oz R~ L
TV AT L7 u—RB U S, BEEEEICBITREREDRTA—=2E2ZNEN
D Z L ICRETE D, MFC OBEIEMA e — 2 2 & IESCIREARETELHO
Wik, ZOBAKHEICAR v 7 203 2 BefAfE L, EOBRTIIfERERE RIS, TOK
IR EME AN TE D, £i2, 7V T HEOBSOAIEE O B OF LN /51T LT
FRENDTZD, HEHIT S 2T A LEOBEIR L RS ITHIETX 5,

222 LU RIITICLDE=HXY T

REE, Wi, EE, BEREOWET —# X, BEMICHEN PC ~RViAEnD, &
D ZNOHDO/RT A—2T, MLy R7Z7 B2, NIRRT, #Ehic & 0Em e L
TENENFTREN., BED/RT A — % OFFERGE % R ICHERT 5 Z LN TE S, b
Ly K7 T 70H% Fig.210 127, 77 7 OHEMNZHE/ T A —Z BAKR > 7 A THRR
ENTEY, BREVHEET DL THROS T ZIHEBEDR R L VP TERESED 2
ENTE D, WEDOY TV R 1~60 oA (1 B4H) TREEZITH 2 &
MTE 5,

2.2.3 EERH O RE R

FREMICHBN T, BIRMEAEMICERET 5 2 L8 T, REMEBRT 55T
EROEDLUA L RY (VAT LAREYA LV RY) Barba—4mEcRrEShb
(Fig.2.11), A ¥ RUIZIZRFONENRFCTRBLINTEY . BERERKFOFFEIZ
FhHTE 5,

2.2.4 BAMLERE
BAMEEIX, AY v 7 BOREFEMOREL LB L T, PLZ664WA (JE/KET T
%) BRAWE, AEEIL, WET—RFE2RIRT L2 L1ICLY, EBRET— RN, EEEE
— R, I'VE— F T LB EM LV O BRI ZED 2 LN TE S, EEBRE—
R —EMEOERE T LEEMOEBARNET 5 HIETHY . EEEE— RiT—EMD
BEXANESEGEONLERMEOLEEZRET 5 H1ETHDH, IV E— NIIBIAENR.
BIALA, K TERLKOBRMEOLAZHE L, BB CUELZITO HIETHDH, i
ZNOREE— RICEBWT, BIREITRK 135A £ THE - WEARETH 5,
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3 R PERAR

AFEE Y AT L& TNRF THAT SN, FIMIEWT () AARBEHEFZEHT (JARD
FEMEE L2 O CHERE 2 34 L 72 10, T OFEMI A LA T ISk~ 2,

3.1 #Ek

JARI AR HE B L IR BHE ML OAFZE FIZ BRSE S 4, BREICAR % 780 ERR I T ST 5,
JARI #EHEE L OB, ML OV ORERGEM O — 5 Cd 5N L — % OFMBl % Fig.3.1
WoRT, XHPolEERESR (Membrane Electrode Assembly ; MEA) 13, BE 50 u
m DOERE S FIEE ZOMBIZ B2 HEFS I —R 77 v 7 2K 30um B L72 5
Xbem2 DEMEIC LV IR I T A (Nafion NR-212), % OHNZ K 200 p m D7 —
Ry == H AL E KL TGP-H-60) 2flE S5, MEA, #AILHEE, &b
BT 500 p m DIEDY, 255K EKF 2 BAET D 1mm?2 OB —IEITIAR O T AMAGT 2 5%
Flee "L =2 2BUTIE SR ZEN TN D, ZOWANIE A » FHIROLENR 2 BB E
SH, 2 DFER A L CEET S Z LI X D EREFE B VB SIS, YRR
FEFTRRIE, #BE A2 SUS & LTV o, FMFI VA7 T 74 N TIRET 2 Z L 25K
LT, FPEF230E Lo W L ISR Lz, £SO EHT JART FEEE M Ok
WZHEJLL TN 5 10,

3.2 BRSME L OV ik

FBLEMIIAKEFRE (77— R 100 ce/min, Z250iE (&Y — Rl 200 ce/min &
L. M#E & HITIRE 85 °C - MNmEef: (Fafni#lZds\\ CTHktH 80°C, =tH 85°C) D Al
feaAT o7, Fio, BEFEMAE KO OIS AFEORE S AR L FRERICHEE &b
%%&Lkowﬁiﬁﬁf2mﬁhfmrﬁﬁbto“m®LV%$@%ﬁi E i E

— F (FBEWME 5A)TITV, RERKRE L HICEESbE 1 PREcCE=%—1L7-,
3.3 FhBRAE R
KEVAT LAEHNCHIG L= ERBRO, TERT—F (BRE5A) | 5 A

DO ERER K OHEER DK /T A —H % Fig.3.2 KN Fig.3.3 IZ7~7, ﬁXMa\vX?A
BB O ERLHEEDEZFXEMIZXT L 8% (7 / — NUOHEEAE) LA CTIER IZHIfH AT e
b5DHZENfERESNTL, S HIT, FEEMM 1625%?-;% AEUT-RBREER T B L, 3
B OBBFEICAE CTEMNETOFER WREARINNCLD 7Ty T 4 0 7%) 2t s
ZEIWTERL,
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4. WHA-Z X T T T 4 FEBR

AFEY AT £& AV TNRF THIET T V475 7 412 X 3BT Ok L L DN
A EFER A T o 72, AEIZBWTIL, BEPICBIT 2 e v oEkice X O 3 #HA X
v 7 D CT ik B OFE BRI - T, UTICik~%

4.1 FEEPIZBIT 2 H /L ONE AL
4L1%%ﬁ&

AEHZ, RBFEMN OB N L — ZFIRIZHRET KOG Z M E ¥ 5729, JARI
BER VORI R O R —2 12 2R LT W T LI AR L, T
I L—% (BEX 10mm) _i%ﬁ@kbﬁéfy%%mbko

AWty 27 20K % Fig4d.l (Ord, REz@E&E L —2aa
FL—FMa  N=2 I C LY AINEAEWR L, SEEI AT 2T R L, o F

L—X X LiF - ZnS (Ag) #fEMA L. SEED A 71X EM-CCD (Electron Multiplying
CCD) A7 (A =27 A C-9100-02) &1 85mm L > A (Nikon Nikkor) % fifi

A L7, EM-CCD # A Z %, W% 10001000, P& 14bit O@EG ARG TE 5, 4
@ﬁﬁbkﬁ@VXTAk%wTﬁ%ﬂklB?ﬁW@@$ﬁ4fﬁ%umX%umﬁ
HoT,
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AR EAT o T2, FTo, REMEMAG L O DI AFLE OREE S . A D &[RRI i
%&%%@&Lto%Em%ﬂ&2m&w¢%&ﬂﬁbkoﬁﬁ%ﬁ%ﬁi F BB G
FF 200 mA/cm?2 T, HHEAIIZ 280 mA/em2 F T EF S, BERMGE & HICELEZ (LA
T — LT, REHLEZ Figd.2 (ORd, RBHIHHOBE B 245 S8, H@Fka
BEENTWDRERICTERE, b Y — Mz v v FL— &R o R— 2 Tl S B 7R
TEE L7z (Fig.4.2 OfXK), WET D0 2 7D 7= JARL HE¥ER LD B V) — R
WD H A Fils % Fig.4.3 (\THXKTRT, KITARBENICAERT 5,

4.1.2 EEFER

EBIE— FITBWTHESSG L2 RE B O R EREL Figd.4 (RT, £ 50 73E D3
BERICEBNT, BEIFLELTHB L, KREREEE NIELCR)o7, Figdd H
D AR GEERB—%OR). B (A4 280 mAlem?2 ~iXERIZELEDE & 72
ST 8) KO C R (BEREFREOR) THLNREFERONEEIRE S % Fig.d.5 (<
R, T/ BEBTRENDESBEDINTVDIEONKTH D, ZNHDOND, it
BN DR G A DGR & & HIZEL L TWD Z ENa0 D,

AFEY AT HZE Y, TNRF AL OZEDELOMR 5= 22RO TERITRENE
MAFHET DI ENTE, FBEPOREEMNTOKOE & 2 ZDGEETE L LI
ol
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4.2 FEEPITBIT D 3HA Y v 7 OWNER AL 1) 12

AKHEVAT LEMNT, 3OOBRENLVEZEIIHEE S/ 3EX Y v 7 OFEPIZE
\F 2 WNER AT SEER A TNRF T1T - 72, Al 2 ot 72 aI LB G5 Tld, 3 kL
ALy 7 ERELT DE BN OKRSAAEFHT S Z LI TH 5729, CT (Computed
tomography) it | 217\, 3 kot Al LERZ1T - 7=,

4.2.1 FEERE

ABHZ, 3B LT W T L I RO & Ve — 2 28 L7 JARI 12
LD 3ERAS v 7 ZWic, BT 288 A7 5% AW CRERNIZETG L7z 3 #
A H 7 ORPETGRERZ Figd.6 (77, ZOMNG, 3 DOHEANRERWICHE
FNCFEE SN TV DEEF 005,

FEEAAIL, BHIBE AR E U, KFEiE (77— Rl 210 ce/min, 2250 E (U
YV— R 620 ce/min & L, FNENOH ZTEINR L Uiz, AT v PRI AR 280
. BREEE 200 mA/em2 £ TLEFRSE-0OL—EE Lz, REFEMOEE ST
WIRCTH D7D, ARV 31 A v 7 RICEIT HIREREHOGHER (Fig.d4.6 £
BIZM) 13 LT,

T AT 7 4 I K DR AT DTN T, TP E R R TP M- A SRR
BfRRIE N A T X 7 L U THEBE AR E A A=A T T 7 AT (R
2 Ultimage) # AV, E#E S £ (Basler Vision Technology A500k) Tz L 7=,
BT A F13 C-MOS Z A 7Ok &AL, W 1280 x 1024, PEFH 8 bit D7 —
Z % 1 BHIZ 500 7 L— LRt T& %, FEREES Figd. 7 1~ d, #HllE, et a3
WLz 2 A A=A Ty T A T TR L EEE D AT % HWT CT
MRS LTz, BUS L7206 CT Z B L, BHGAFAT L 72 EHNIC IS 1T DK D 3
WITHEiE % Fig.4.8 (R d, CTEMERT DI LICkD ., AX v 7 BT 25V DK
AR EMSLIZ AT 5 2 LN TE D,

4.2.2 FERAFER

EBE— I X - THS L7-REFEI O R ERMEE Figd9 (IR d, 22T, A¥
v I BT D 30D BALEIZONT. T/ — FMlloeLEZEL 1 FROELVE L2,
7Y —RFMliloerZEN 3 LIRS, BIREE L —EIC L%, FBEMK I~15 0% E T
FE AL BICHENZE L TREBELCWED, 1502 BE-&N 5L E LICETL
NRELSEFHL, 21 45208 LS T 3 BN EEIEICE 72, H HEEHIC Fig.4.9
DOFRET—H ORI A, B (B 1 BENEE LI-#), C (/v 2 BESMEIE L)
TNENORIZBIT D% B L ORI L2 kS55 i & Fig.4.10 1SR, BEZI A 2B 5
AR EEE S | BB VIR 0H LTV DTN 000 | KL B KO C 28T 5 1]
BULEG S, B AWNOKPE L P &2 2 LR AVELEREICER Lz ERB S
oo REBRID, 3 HAY v 7 2K T 28BNV MR LT A Z ENTE, £
ZENOERNANELOKOEE 22 DOGRIETHZ LN T,
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