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A Study of the Reactor Structure Concept
of the Tokamak Power Reactor SPTR-P
(Swimming Pool Type)

Tatsuzo TONE, Yasushi SEKT, Akio MINATO®!,
Takashi YAMAMOTO™?, Kuzunori KITAMURA®® and
Hirochika NAKAE®"

Division of Large Tokamak Development,
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(Received January 29, 1983)

The reactor structure of a tokamak pcwer reactor (SPTR-P) based on
the swimming pool type reactor concept has been investigated. The reactor
structure envisaged comprises first wall/blanket/vacuum vessel, water
shield and cryostat vacuum chamber (belljar type) for superconducting
magnets. The emphasis of the present study is placed on developing a
feasible reactor structure concept of the SPTR-P and elucidating dits
technological key issues in view of thermomechanics, electromagnetics
(plasma disruption and positional control), neutronics and jeining
mechanism to form a torus.

The major design features are: steady state operation, RF wave for
plasma heating and current drive, solid tritium breeder material (Li,0),
modified austenitic stainless steel as first wall and blanket structural
material, pumped limiter for ash exhaust, unified assembling of blanket
and vacuum vessel and pressurized water cooling. The huge and heavy
solid shield structure protecting superconducting magnets which brings

about great difficulties in repair and maintenance is eliminated by

*#1 On leave from Kawasaki Heavy TIndustries, Ltd.
* On leave from Fuji Electric Co., Ltd.
*3 On leave from Toshiba Corporation

%4 On leave from Toye Information System Co., Ltd.
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submerging the reactor in a water pool. The water plays a role of
shielding. In addition the water shield concept reduces radioactive
waste disposal and to ease radiation streaming sheilding.

Key design parameters are: net electric power of 1000 MW, fusion
power of 3200 MW, neutron wall loading of 3.3 MW/m?, major radius of
6.9 m, plasma radius of 2.0 m, plasma elongation of 1.6, plasma current

of 16 MA, total beta of 7 %, toroidal field on axis of 5.2 T.

Keywords: Tokamak, Power Reactor, Swimming Pool, Reactor Structure,
First Wall, Blanket, Vacuum Vessel, Cryostat Vacuum Chamber,

Conceptional Design.
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Table 2.1 Main design features of SPTR-P

1 Steady-state plasma operation by RF wave

2 SPTR (Swimming Pool Type Reactor) cencept (eliminaticn of solid

shield structure)

3 RF wave power for plasma startup, heating and current drive
4 Pumped limiter for ash exhaust
5 Titanium modified austenitic stainless steel PCA (Prime Candidate

Alloy) for first wall/blanket structural material

6 Pressurized water cooling

7 Continuous tritium recovery from solid breeder LisO

8 Tubes for first wall structure

9 Unified assembling of blanket and vacuum vessel
10 Shell effect structure (on blanket) for positional plasma countrol

11 All poloidal field coils outside toroidal field coils

12 Common belljar-type cryostat vacuum chamber for toroidal and

poleidal coils systems
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Table 2.2 Major design parameters

Operation mode Steady state
Net electrical power (MW) 1000

Fusion power {(MW) 3200

Thermal power (MW) 3700

Average neutron wall lcad (MW /m?2) 3.3

Major radius (m) 6.9

Minor radius (m) ' 2.0

First wall radius (m) 2.2

Plasma elongation 1.6

Average plasma temperatrue (keV) 20

Average plasma density me (m™?3) 1.1x1020
Plasma current (MA) 16.0

Safety factor da/dqs 1.3/2.3
Average torcidal beta 0.07

Poloidal beta 1.2

Toroidal field on axis (T) 5.2

Maximum toreoidal field (T) 12.2

Plasma current drive method Lower hybrid RF
RF power for current drive (MW) 80

Plasma heating method Lower hybrid RF
Number of TF magnets 16

Toroidal field coil material Nb3Sn/NbTi
Poloidal field coil material NbTi

Blanekt structural material PCA*

Tritium breeding material Li,0

First wall/blanket coolant Pressurized water
Tnlet/Outlet coolant temperature (°C) 290/330
Coolant pressure {(MPa) 16

Ash exhaust Pumped limiter
Power to pumped limiter (MW) 100

Average surface heat flux on first wall (W/cm?) 80

* Prime candidate alloy (titanium modified austenitic stainless steel)
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Fig. 3.11 Nuclear heating rate distributions in the inboard configuration
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Fig. 4.1.8 Effect of coolant velocity

100
Velecity
1.0m/sec
8C |-
o
: 60 |
5
B
% 40
’_
20 -
Surface heat flux @ 80 W/cm?
| | i L
¢ 2 4 6 8 10
Length of first wall
Fig. 4.1.9 Differences between inlet and

outlet temperatures

Maximum  temperature (°C)



JAERI—M 83—031

412 B8 TS0y b OBESEE

FIRIE TS Y50 FO7 7 A= IBSRImmC /AN L TERES NG, HIE 7707
vf®@ﬁ%F@4lww,%1%®iﬁﬁﬁémg4u1mﬁﬁo%1Himﬁ%g$&L
Ty PCEEENAAA T T o MIC LA MERIEIKTS B, B 8E T2 VERIZT S
fooh, MERLA2ES LYHR EHRESmm) LIcEET 2, COFRE, YA S@ITE-T
LTS LB BT T vy o P ERE L AOZEHERICGEES o NER TOEEGHESH B
W IBESELL - TRHONE, SSITAEMIE LZMEOREC 7Ly 7 4 v 7T OEH
LEMTBNERD S, HiCT 7 vy v A E > Ty FHICERI W SE LRI 7
Svh .y POESH M TS, 2EICE > TRETILBEERVTHA H, REINCIZAE
ﬁi@%ﬁﬁ;ﬁ%ﬁ%wﬁﬁ(z*”w)z$qT%WP6®@ﬁT+%&%bnéo

Fig A LIOICRSNTWAE 1B /77 27 o MEEEE 1EB LU LLOAOKEEL b o
A FAVFEOENEEEL TS, 774 7y MEBEOHEERE 1B L0LL0 HSHE
LEZLTO G, 7974y FOIREAA—IH 2 (N) 7 a) OIMPalZif A 581G &4 4,
(a) 18,75 47w FBEREOH - LT

AEAE B FOZEBHORENE TOThRENT L0, TITHE, B1ELTZ Y7 v b
FRULEE ) W EHIR OO BT ATV, BEEM OSERIE (427C) KRG A& S XM ORI E

>k &b 7,: o
R OB i, BI1BEE T3 vy FEREOBHE LT E Lt 2R TR
Ly, B e rﬂVW%ﬁﬂt 12D 735 Z<lMOEESHIL, TOEFLTHEEEFENEIRL

TOBBELFELTHY, xﬁ#@&ﬁ}f ZhESEANAEDERPNE. 77 v b
FRIEE O E S 12.5mm, BENEORRIZE | B & ERRICAERE 50mm, BIE 1bmmd L, v
F12195mm, 774 v FTEEREE IR ESAE NG AR L, XEEHORY (HEBERE
HSER & &) 254, DSETEAEMREE1BL TS v r v PERELOYFTONENE 4
50mme L7y, #0 LR OREIBED 427 CUTOERMEO NI

= RS EIM A A Am Ssec, BMEETE 20000W K B LT T 7 v v FEBEIGEY
DEVEEEA 42000 W/ MK S L, $RR W ond HELHATORELERE) bFE LR
ST ORRA Pig. 4112 18577 BITRS QT ARG B L OEEREROREA 5.0
mm TH B, T OFHTIE B NE TR AR LS ORETIT o 7288, BlICRTRES N o
FEER T (2RSSR E A0T, 107 ZolOEREIETS,
TG E S AR BN FOEA TR B, IRAEHRCH L TESEIE 0T LR O
BODEEALGA AR DAND L EHRTETE LD, 2OBRE TR LEEATVS, [
PN L BG4 T, EBOBRICE O TREST DI EE L,

AHEANE, BESHE BLOMEFZRELIIBAOFE LB/ 77 7 » P EHEOETHRE
£Fig 4113 ~4 115107 [ick0 T, SRAERH, ERPERERORERT . &%
(NIE® B WVIEE) K LTRET AIENM S %, NTEOEEEFig 411610, RENAICLS
A% Fig. A1L1TIRT . SSCHFELBESAOMAERICLLEEE LT, Fig.4118iCx
HEoil (ex ) 9%, Fig. 4119y HAOKT (oy ) 344, & HicFig.4.1.20 I
NS ORT A Rd o CORINEFTR, KRECEASRAOEREEGPKICEET 20TE



JAERI—M 83— 031

BLIIh -7,

# 1 BEOREFREESICL 28IGHUARIE E A STRICHEE U A BREA TR 2 eTREHAS
HD, TN TORIBH ORBE s 5> KBOTRICH O TRE T 515 ORI RS %R <
bDEEDNS, LT, IMADCEEAROIENAZEEST DL, 75 07 v N ESREOGAIEL
OB IIM ERD RS BETLIEABNSOTHAH X, BIBLETF V0 b
BEBOEHFREIZOEIERTHD, MBKEEIIAEEIHERSFINLGDT, KELIE
THFEERET A LR HENERDNS, UL, HES TR RAEMAKICED 2 REOREEN
REEED 1 DL 3NTHED . ZOBRERETLINNIOENSEE LD 5, TOFMIESE, 3k
= FNFICL DM CRNT OBLENS S, EFEREREINTVWSIERETE, BT ORM
HRNSVOT, 7 —7E0FBLER L THREGEREN BT (427CHUTTHY, H58
HOIRNDREEHSNETHS I,

b)) Fr257Tva YEEOE | OB

FAAFTT v arvIFIE T3 XAeDIFNF - BT A2 vEF —BLUOBET FvF—) PEEIIC
%1%K&ménéo?423fvaVﬁmﬂﬁﬁﬁfmiﬁﬂﬂﬁﬁﬁlﬁg%%wﬁ,K%
ORERIEARITHIESE SA TR, TCTRINTOR7 = —X 1 BLUITA TEEX ALY
F ) AZRBEC L, INTORTH7 7 A~DHA T+ vF -0 - EERABFRITLLL30
Cv B3, FINTOR-DP T Y2 —8E LTHRRIBICE 2 &0 9 EA bH B, € OERRINS
ELEBEENCE T, B LBEREORE FRICRKE B ES AT, BRTE 5LV IBR
PRENTV S, BATHALF ~OMHFVIC AL EHENOTT L TER BOMAR &
LTEELAWIEICT S,

INTORTHE S vF VA2 Tiond. B IBICRESAS T 3 vF — 3200 M] Ex
FOVE-B20M], BT A VE-HEOM] )& LTV S,

D HHEISNBZIALE-D30 BHE 1 ELRIE—KYY, BODOTO%HF b —7 2 L,

T I OAEICE 1 BEEREO30%) ItE—F 077 707 205 -TH5 (72-X1)

@ AN EFRTIHS (7 -2 1A

g4 8= 542 80 MJ

WD 80MJ

51 EEeig 130M]

@ VI AERATAES (72 —X1A)

Case A Case B

) IR 160 MJ 80 MJ

E1BEO-—H 0M]J 80 MJ

R oer 130 MJ 130 MJ

HU a : EEGORAEHEFRAKFOEMAHERT S,
b E1BON-F2 L, THBLUANEE GG LERXMED %) L+ V7777

7204587 5,
EAFEOES, HhEhdzivE— Eoizos-) BOTM]THD, HF1 B LEHTE

I TRAM T B, ERFTHAN=ANLY I /HBBHISNTHE0T, §1BE~0REMI%



JAERI—M 83—031

KB+ AELT, LBROOELUB D Case AL CaseBAEEA/, WITMJAE 1 BE~D
SRz A7 —EFGEL , INTORD &3 ) A0 4N 2 v ¥ — ot &, SHEHEA~OHM
OHFELHE I LABGORAELUTICRYT (Tabkd L1ERE) . '

O 572) cmt

@ Case A 52 J/em?

Case B 263 J/cm?®
BODT 2 VFE—IT) 19 ~DEAF LB,

F4RTT Y2 VOWERIZ 7 7 X~ OBESRE (BRREF) »oERE LD SRV EHETE
SH, TCTR, BEHIC 50msec B, KA 200msec £ TEE L/, S HIEFDMBEORET
ik, INTORIZHVTE 1 80z O EROME R RRCARM LAMICRLTEE—FBELS
NTO B, ZITRIFBREERICEETS2 60 E L (Figdl21 88, YLEo50BAICh
Muonshlhzzan¥y-GRUTHS

f4z5793y%@ﬂﬁﬁm;5%¢%%ﬁﬁ@%ﬁﬁé%¢?éﬁ%&LfﬁTMﬁﬁg
TOFEAGNTVLEI T4 ¥/ EICTERHAL, 79774 L2 F0F—RET 5, 77
Ty A POHEIEEAND I 7 4 Y IHEORBEEHRICE TS MBEICON T THAT,
SEBOKFHEE LTE

FA4RZ TV vROE I BERED (BEMBIUY 5 774 FEf) ORI ETL, KEG
T U, BEHHZ2VE 77 7 74 POREEALEAIBEOBRELL FicR~x3,

FIEPHETHRINT A EEE R, Figd LR IGREINTVWA L S HEHREF1ic
& > THEFBMT AT > 72, Tabk 412125 v L Z2#H (Type 316S.5.) &757?ffb
WA R, 4, B2 — i3 DOT, DETECT %M L, JEE 3t o s 0 smsec
& Lize

BB 572] e OBEITE oN A ERAFig 4128 LU 4124 1R, Figd1.23 Tit
BEIC Y 57 74 MRIEA, Fig 4.1.24 TERHIEEREED, 2 o0BBLEE /-, X
WRENTVALDIZ, BFEHET- EETNR Y577 74 FORBEICELAFEEITSS 774 bk
EORECENSOH, B18 (57 L) 077 A<HOBREICAKSHESLE 205,
WFEES S0 msec DIGE, 77 7 7 4 F ORMIEH 1500 Cic 7 5535, ERICIEE S50 (Fisd
3500 CELE). LpL, B 1BEEEMO AT v L 2MOEEIE, 700 ~110CiKiEd 5, &
TBERmMIZT 7774 VRO —F 4 V5 EZIBSICHE, 27 v LaioBE@sELmnT
HH9, Linl, 27 v L2 8E 757 74 FES LT 8BICIE AN E8IL S DR T
RMENLOT, “OEHEHEELITHSERFMSBIS BT HBLETH S,

HEMH 62 om & 263] e OBE, fiBOREFID NS, 20T, 577403
=T 4 YT HBZISOE | BAEELTAMBITET 72 Fig. 4 1.25 KK % 50msecH 5 200
msec ¥ CEAMGEORZBAMICHT L% | BRI L GHIHMEER (27 v L2 ORERE
%Y, CaseBOBEZOBMAMMSAE (, REBER TI0~1100CIKET 5, S5, HER
20msec ERVEBATH, EREERTIOCEALD, RFrvraflicd > THE LWEES
HEREAD, COBBIET I 754 2D —F 4 YIBRELLLETHES D, CarADEA
7\—; v ZMOESEER 550 CUTIRE » T b COBREOREMTHLIE LI, =771



JAERI—M 83 —031

ZGEDIRE B ERET EH SN A S, B1EEX T v L AHIBRRTRET 258112
B LOEFTEHES, LirL, BOOT AT —32TY I FIGBRSARMELTHLIOT,
)2 S OBIDED LB THS I, BRATORSEE 18L ) 35 OSSR ICERICHE
HABEODOT, BACABELTHVESTESPELGNADLE I, EoiC, FrR5 T
2 vOEDICL W7 T Xz EOHBERSTHENT S X2 YHEORERORT L & bicsRkD
HETH B,



JAERI—M 83—031

Table 4.1.1

Energy deposition on first wall at plasma disruption

Scenario Energy deposition
{ J'/cm2 )
1 INTOR Phase I 572"
2 INTOR Phase IIA Case A 52
*kxk
3 ' Casg B 263

Total energy : 907 MJ, First wall area : 788 m2
* 907MJIx0.3 : Uniform on first wall
907MJx0.7 : On to 30% of first wall{up,down or side)
with an additional peaking factor of 2

*x  407MJ : Uniform on first wall
*kx  407MJ : Uniform on first wall
250MJ : On to 30% of first wall(up,down or side)

with an additional peaking factor of 2

Tabled 1.2 ZFyLvAMWMBIFY 77 -4 ~OPRE

N )
7 # zZ5 v AHE 73754 b
¥ (Type 3168.S.)
B g (kg A0) 7900 2260
I # (] kg -K)
300 K 490 710
1000 K 620 1790
2000 K - 2110
R (W, /m-K)
300 K 14.7 140
1000 K 24.9 72
2000 K - 48
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Fig. 4.1,12 Temperature distribution under 80W/em” surface heat flux
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Fig. 4.1.21 Time variation of energy deposition at plasma disruption
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Fig. 4.1.22 Model of heat transfer analysis
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Fig. 4.3.7 Pre- and post-deformation shapes
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4.3.9 Distribution of poloidal stress at inside and

Fig.
outside surfaces (8=0.9375°)
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Fig. 4.3.16 Preé- and post-deformation shapes
(all modules are bolted around poloidal section)
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Fig. 4.3.18 Comparison of poloidal stress at outside
surface under several wall thicknesses
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Fig. 4.3.19 Comparison of toroidal stress at outside
surface under several wall thicknesses
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Fig. 4.3.20 Comparison of stress intensity at outside
surface under several wall thicknesses
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Fig. 4.3.21 Analytical model of vacuum vessel for
electromagnetic force at plasma disruption
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Fig. 4.3.27

Pre— and
force by

post-deformation shapes under electromagnetic
static analysis (backside view)
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Fig, 4.3.28 Distribution of displacements (dx, dy, dz)
on poloidal section (8=0.0°)
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Fig. 4.3.29 Distribution of stress intensity at inside
and outside surfaces (6=0.9375°)
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Fig. 4.3.30 Comparison of stress intensities at outside surface
under two toroidal angles (8=0.9375° and 2.8125°)
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Fig. 4.3.31 Distribution of poleidal stress
at inside and outside surface (6=0.9375°)
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Fig. 4.3.32 Distribution of toroidal stress
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Fig. 4.3.33 Distribution of shear stress
at inside and outside surfaces (§=0.9375°)
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Fig. 4.3.38 Comparison of radial displacement (dx) on poloidal

0.3

section (8=0.0°) under several inboard wall thicknesses

02

Thickness of Outboard h, @ 150,200,250 mm
Inboard hj : 350mm

Displacement (mm)

‘TorPidulI Alngle[ ; 1.‘8?50

-0.3
A

| | ] ]
B C b E F G H I J K L A
Polgoidal Perimeter

Fig. 4.3.39 Comparison of displacements (dx,dy,dz} on peloidal

section (6=1.873°) under several inboard wall
thicknesses
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Fig. 4.3.44 Analytical model for heat transfer of
vacuum vessel
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Fig. 4.3.45 Digstribution of temperature and nuclear
heating rate through wall thickness
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Fig. 4.3.48 Typical configurations of lip seal
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Table 5.1 Main characteristics of toroidal field coil

Number of coils 16
Major radius 7.185 m
Coil shape Constant tension D-shape

Bath cooling
N¥b3Sn and NbTi
1.2 T

Cooling methed
Conductor
Maximum field

Electromotive force
11.5 MAT / coil

300 x 712 mm®

Winding cavity
17.95 & / mm®

Average current density

Table 5.2 Main characteristics of poloidal coils

Number of coils 8
Major radius 1.6 - 12.87 m
Cooling method Bath cooling

Conductor NbTi
Operating current Max. S50 kA
Maximum field 8T

20 A / mm®

Average current density

Table 5.3 Locations and current variation of poloidal
field coils

180 MAT / 16 coils

Coil No. Coil position Time
R{m} Z(m) 0 =ec 13 sec 250 sec
1 1.6 1.0 6.1 -1.86 -3.71
2 1.62 4.51 10.7 1.64 3.27
3 4.49 8.5 1.567 3.06 6.13
4 12.87 6.1 0.214 -2.06 -4.12
6.8 . . . .57
(Plgsma) 0.0 0 2.0 10.5
Unit; MAT
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Table 5.4 Time variation of maximum stress intensity
on belljar due to electromagnetic force

Time {msec) 10 20 30 50 75

Max. stress -
intensit 1.73 2.65 3.07 3.06 2.48
- {kgf/mm")

Table 5.5 Time variation of maximum stress intensity on belljar
due to external pressure and electromagnetic force

Time (msec) 10 20 30 50 75

Max. stress
intensitg 9.56 3.14 8.90 8.67 8.65
{kgf/mm”)

Table 5.6 Time variation of maximum stress intensity on belljar
due to electromagnetic force in case of model with
16~divided inboard and 32-divided autboard

Time {msec) 10 20 30 50 75
Max, stress
intensitg 2.71 4.49 5.56 6.22 5.62
{kgf/mm"}
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@I Upper dome
(2) Toroidal shell

(3) Coverage post for outer
toroidal field coil

(4) . Lower dome
(5): Support leg
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Fig. 5.1 Schematic of belljar
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Fig. 5.20 Finite element model for stress analysis Fig. 5.21
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TORUS ROW NO.1. TQP SURFACE

13 aeeece-.. BOTTOM SURFACE

STRESSIKG/Hhunl )

——

7 ) 15
LENGIHL B 1

Fig. 5.24 Stress intensity distribution on belljar in a
poloidal direction due to external pressure
(At first row)

.......... BOTTSM SURFACE

STRESS(KG/HAand )

2 ) " Y I 0 [ -
LENGIHI H )

Fig. 5.25 Stress intensity distribution on belljar in a
poloidal direction due to external pressure
(At second row)
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TORUS ROW NO.3. TOP SURFACE
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Fig. 5.26 Stress intensity distribution on belljar in a

STRESSIHG/HAan2)

poloidal direction due to external pressure
(At third row)
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Fig. 5.27 Stress intensity distribution on belljar in a
poloidal direction due to external pressure
(At fourth row)
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Fig.5.42 Time variation of maximum stress intensity
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B DD DGR ADRBER T,

B,=(L0—¢ 1) (Tesla) (6.:6)

Fig. 6.2 12 10msec HD LD THD, WIHDRFELHILDEA THIRIC bp7E D OBEHRAH
NTVWb, EEXOBERBEZVOELDERIELb00, FIEEHBEE AL THELEEL 5,
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Fig. 6.3, Fig. 64@ABREMED 0 = 00 OERBE OBHELERLILSDTHD, BT
& BIER A RO BROBEET TR —RL TS, AHROERCES t =1 ~2msecLIf#
TEEL M LTVABRVEETEIAX {, HEM T 1 msec. LETO R VBRI TN
ORBITHT 2 ERGBESRATHVER LS - TV 5, AR TRRABHOE — FZ[H
HiEERL CTHREOEE EHTTSY] - TWAHIcEEfOMD S LR WL EBREORE
HoO/NS WD) PERESNTHEAHEEZ SN D, RSN TSRO ERIH0.33
msec. TH 578, AL FOMEROMBERE - N2 KE LE 528 1 msec. KL FORE
SR THARKICBE 3RS DEVHEROBERK - Fick 5 @B0ERSRIERS L, A
WICARE AN LMBRICELEL 2, L LUBESCASOEVEREHD £ - FOREFROBEL
DHDOBECEEROE - Ficlb LTSI AROBERICRETHBEIRALRS LE
2585, WICHE Lo 6 FRIOEBHROSTIZ I =90 TOBREEL jo & LIEE, jo
sm0K§<éoT£©,0ﬁ$éb&iéfﬁﬁ5%EE®£%ﬁmﬂiﬂfwéo

NEOBMD A & & KD 12 TH L L EAZEIZNEIRBV—BLEEA S, (Fig. 65)
ut®c&@sz%E%LW®ﬁ REFE ~0O EDDYARBT o — F O@ M HEIE Shfz,
Bl 5 2 b EFETHE O LIS A » ¥ 2 98T LR S N FEE B oR/ D OREBORIEIL
FOBBER TRAESUBEASE D TR IR,

6.2 SHEEFI

BEASENELETOLBHEREEZEEL, 7T 5 EVEETH LY, RIS
DHIRASHVRBETH L, CITRT 4 ATT Vo VHIIRKEUUAEREBER-NPHRET SHEE
Aof, BT 7 ATEBAHACKRBICIRE 1L - T A0 HICHEBNTERSR RS0 EED
NBEERERE~LY yREHLTINEEF ML AT &L, BCMEALERCHT L0
hwd v VRANETILEMREREZE BT vy PORBIEC L LIZL, INbE
Ffbd B, CNL=DOLBHEFLUACEBEIRT I vy b, bud s L LFEORIT
D OWRERMBENEDL EEZ ONIEADH LM, BHAIOKESP, KRAOLEETH 2R
AR S A~OEENAEE L, SEADHEEFVTEMBAL L, LALEFS baA 5w
24 LEOB/BROBELH AT OYBICRIMRINGEANLHEE TV ET L2LERSEH D,

Fig. 6.6 C3lBEF s LABRET T, BEGIUDOETH I - FTH A0 EFVERIEAT
LHOLTHER SN, BEMOESEESERBOABHNELL - TOAFESNL, X7 X,
Y 7Y — AVEDSIETE 2 TR TERD L, SERBICANT SEIEILELRES D
c&mi@,—%ﬁﬁ%@ﬁﬁ%ﬁﬁoHmba4ﬁwﬁﬂ%%®32ﬁ®1@%fwﬁﬁb.
NS e T o4 RO (BO 0wy § L OBERT) OBERS N0 - - T
B, EEEBTEROE Y ¥ —OhRE (11.25° 27 405,626 DR L) OF/ERPB ) v T ¥
T T B, BN & = VDA ER D+ 7 5 —~ DHRETEREMICA » b SHTED,
TN DE7 5 —Dv = VERBIMCER SN TV S, L LORSIERSEANGGHEET L
THoDH, BHEBEE L TFig 66 0ERPONa-ZL ) v 7Y LD RDEEF A v
VaARDESHEBREIDOHBEEFAE LA, THEFig, 87TI0RT. ZDEFIENL
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TrDNO—ZDH - s, RUAEBEBD ) » 7Y - vDH - LB E2FNFNBINICH
y PLABDTHY, LNRELWIETERO LIRBESBELHOHEEFVTH S, Fig.
BICRO =L oy TV — VDB ETRT, _

BEME LTRAVY » LHEFERICSUSIMEEEL, WETH S & L TIERES 7.3x%
1077 2 em& Lo XK =3RS L, BT 7Y MEOTREAY 400 °CE L
TIRIE A 438X 10 @ em &4 3,

T ABREPLOGERTEML, F12F77 v a vOREEE, COBESHESTENE T
HEHICHET 2 60E L, TOBOHTER T4 50msec. &F 5,

I,=Ioexp (—t,1T) . (8.7
(Is=15 MA, T=5x10"%)

X795 R v OUEALEICHT BRI 7 7 X< BihE 54 K- VBRICE S92 52 L ic
Lo TUT> T B, (ZHUCH T OFHMITEE IR~ , )

6.3 FARSTLavBOBRER

T4RITY s YPRELIBE oA SUABITKSISEISA 50, LR O BES
FICSDY BMBEPWN B, T DEHEE RO R DB T AT 0 B 25 1 LT RS
Fiid b oA SAHEITDBFNRET RN OBRE £ 04 S VS - OMERCE 3
bDEND, L LA SO MROSEEAKNTOMBEIMEL LIS L, homsin
o OFEMR DR BEEEGICT B 0DICEEBBERD B 5 2 EE RS {4 X 3 4EF
UR IR DR S 058 105, CORSIBARBIKIEN/NE {, hoRo 1 5 RED
k%éé$émk®m%&ﬁ@%£Dk%ﬁﬁ&u@%@woLmLmﬁgc@ﬁa%m%gw
f@%ﬁﬁgﬁﬁﬂb,%K243V¢f—WQﬁﬁéﬁTM§£§%.Nwﬁv—ﬁkﬁE&
KIEERMAREIE ST IHIE, CORTHOEERETZC L3R, Bl EokL - &
POHEEEE, Ve BILEND - X, BEREGTEOENE SO & 55 % B TSk
BHBE(EE 328, CORURREIEOS 285 TH, 200 - TRERM RN 2 7
%, MWEMRD b oA FVFRZTCEL, Fol SVHRICERNG &0t 3, CORFEo
4ﬁwﬁﬂ®ﬁ%muk%ﬁbn%ﬁww%&mﬁﬁmt,Ekuﬁﬂﬁéﬁiﬁécémm&
BIEWRT LORSTME LS5, AR TR CDHFOBEFB I I TIE L 5 ETERHEED
TRBEMIT 21T - TH YD, RETTE N O ORISR E MEICBIE L /- B RO 447 - 77,

6.3 1 FHELH :

HEE FAHBIEIOR L bDT, N0 XBRADA o ¥ 2 BRERD L 2 bDTHY, ~
WP e TEERLA325D 12275 —DRTh— 5 2BUCH - THHOBOZS (Ko 4 4
WH2T) LEMDHRO —HNIBBEINICH » P XNEETH oA FAFRICA v H— FH| 16
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AET O = FRI32 S EE TV D, NEEEBTRI2HD 1 €7 5 —OROPREOFE
oA FABESEGHICH v PESNTED boA FUARIZHENC > Tind, XEBHEY >
HEAARLE UKo YUHETERNICH » b SNTBY, Ay PORMERSATY 2 VD
BIE B ADSTE LTV B, Ny » OBEMORSIEF - 482 T10cmTHD, BEXA
y FOEIRSEREA v a3 75 v VEBELTI0 cnE&H-T 3, MMOHZOESH
15emT, 75 »JICRIBTAEHRA » ¥ 21336 em& LTED, b— 7 ZAAMOIFOEFRA

WV 2 WYOAEE 10em, 77 V25 emEH-T05E, BFEFASHEFN—7 2ARM (1 v+ -
Y &b—5 248 (7o bE—F) ETHREMOEIHERD, 41 VK - FOSFOERA
YA lIRE IS cm T 5 VVEL, T MPE—FDIFDEES » YA EWE IS am T 7 VY
35 cm EL - T By VAR T A Cu BROBES 77 A7 IKEHT 504515
em, 73y MIFOBEZH A » b ERBSATHHTA2HSHIcn TH S,

75 Xz IFEI TR I 7 5 X 2R EE TD 16 MA OFIER 2150 msec DR ER
THET 60 LTHDHE -1,

AT COFEORAOELIBERICLLBRAIOKE STHY, OB A 2HER
HAABRUBBTIT T A, - TLOEMTHAREFVE LT N —XWHLETVI0
HEDRENBEADHAEZRHL A v bEARLEFVERRA U, - THREDOND XD
frof-fmt b IR TFHASTEE LG 2L 22 0050, —HEREEIFE 7V ORGBE-I
Bkt LTwahbTiEE, #— 1 S0BETRENLE -7 BN ORET 28 bM<,
HEREBETHATHEEZ ONAATOESN 7 v NOHBEEFVERBTLALEBENEFZ,

632 FHEHER

BEROEFMCED T4 AT 7Y o VEOWERIEET - BREN VY v, ATAR, #H
= vDERBEBICAT TUTIREY .

(1) =y

Fig.6.9~Fig. 6,11 3 BEEEROHEE TP o~ D » OWBIZEERDEL, 712
55+ s vi%10msec , 30 msec , 50 msec OFRMOEERDMATR Lice S+ Dl
AEREEOL — 7 (1121F 50 msec KE-THYD, TOMEBI0KA /M EB->Td, X
OEOBREAD & — 2 B HPBROE -2 D LENLITMPa &5, COEBHTOY
— 7 DORIER oA T LT L D4 VFE - FERRSO LETII s, 0 IOBAICKD
A CEL TR s ERFELLRRONT N 5,

(2) H7EE

e ER I BEEROEHS K AR H LA BEASHOR% Fig. 612 ~Fig. 614 1TRd,
WHREED - 7 11i31F 30msec OBHCHYD, 122MA/ mTH5, XEHHO -7 ERk
e A v F— FEEBWHEKERORICE > THEDH T4 MPa L1 %, BEFEOBHENCLS
BRI A BiIcE LN SR TV S,

(3) EEn

K P OREFRIGE Fig. 6.15~Fig. 6.1TIRd, BR Y = vid 77 X=DEET
ﬁ?mmﬂbfk%ﬁ%ﬁﬁﬁn5ﬁm%ﬁéﬂrﬁ@,?4157v97ﬁwufﬁfémﬁ
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Ut BRI ERBHESEN, 75 vo o MlEHOHERKICESE DEBHEIHELET VL HICERMI
H®rphE<, =738 0msec BET220kA mTHd, XBE IO 23 o4 ¥
MEIBOFHRA E OBED S 7 7 X< CE LIBRE 75 vy TSRS OBEHECS 0
0.8MPa 2B & 12 5,

AETOMEMTE TEES E THRNTERABEIT, WHWEBEILOHETHS D EX HoLy
MAERL, BEKOBRSIAHEIEMFTRO LTV S, HFEEFATENLY 4 LEEEEDS
US 304 ORBERDIES, BEEEBROA VFEF—FlIE 77 v IPHSO35cmOESH LAY+
D F =@l 7D 10 cmDEISETOBAEANT VAN DOWAEENROLDICHATLLE
SH O SRITICHFICRBASENS DI TR,

SUS 304 D5, FEER 50 msec DISHBIEHICE/LT ARIBICHL T, AH CHETBH O
E—7 BT 58 50 msec DA TOREHROBELZ SR 20 cmBETEHD, 35cm OF
S & ULIHDTRDLEDDERI L > Tl B S B, & & B U o M5 ko
BEE23Bemb oBICHEP L TERBROC—~ 7 BARFBEEHEDELOHVEEZ ON D, 4
BEOEERGOINBN TEBOESIHNA0m &R > T WA, XHETOEWHAFDOT EF
HUTHEENEZEZ SN,

6.4 [UIBRAREHOHIESH

BEFMEWE b 1 <2 OBE7 5 X BEFAOERMCR LTARETHD, ZORER
FHREICED, CNICHLTEEAHELT, 73 RXICERLTEERO v v EBE, 73
X2 HEL LB EIC T OFEE Y - VTR ABRERICE > TSN A KEREIC k » CE A
Mz, AREMOKFAEELZECTILEVIAEBELOLNT D, COBED Y - VOBEFR
HERTHL0 5, Y2 VORBEOHEHEMEED S 4 4 27 — 1 F TREEHOREHE L
BBLEERZONS, I-TIDIA LA — LD EOEBTIEELOL DO NCE#ES
TELHIE D A VIZL BT 4 = F Yy VHIHER O BT S %, BAED A+ FREB T
DEH T 4 il 7 7 X2t L TEIAPN TV S AOBMBRIBEOAERSFORSIcoa 4 L
277X vORCICEL CLERETH Y, BRNNCROATRESESCOB o sras o
MICEC LW SEBZLTHES S, TOFEEHWa A VvRIARO LD S 3484, a4
WET TR = ORIOZERNC 2 4 v O OFIE £ ER L TLE > BuE 2552 BREH
WEAET B LN S, CORBEHEOTTT 1 — Foyy 2615175 &30S SR S48 o
ANBEROREPHBRTBALERLSOEE-TLEY. -THE 24 VBREAYERL T
INELFBIDIT, A NET T X7ORSICEL CEHERIICRETH L LT 210, B
HFBRELTCE, By - vOREREBEHY, BOUERGERORERESE L, &

ANETS X2 EDRITH 5 2BBERORIBOERYGRETOH T & ULrHY, TORELEA
MmNV Y y, BERHDONT - ZORFAAER LEAEOHRIE 2 1 VT KRERBEERS KD,
BERSE, VY v CHBEE AR AT - 7.

6.4 1 74— Foyy 7 HERORZEREK
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735 27O ESHEORRNIIELF ARG 7 - FNy 28O ZENTHY, 77 X7
OEHEHEOEMEBRE LT, Sz 4 VIcEREHELTPD, RF@SEERESETT 7 X7
TBHEDIXBOHTHLELTPAE V) ZLD THENL LD THL, ARDHNIBIDT «
Ny 2 R OGEREAEL S H B, L LEMELELLE L TREHEHERTH
S TAEBR T 5 X2 LEE a4 s ORICHE Y = APEERE, Y - FORBRE KD
HD, THPHBEOERSRAB DI, (oA EELLROEEMEERDRAREL ST,
@g@&@ﬁﬁmﬁ@%ggmam?fbgéumﬁLtEDDYAMMﬁﬁﬁﬂ—FTﬁbnfm
RECIRERA T — KRR L CRPERERO—RKEE R E LTI 5 et R eaidE =il
PEEBICHN S, CONED - FTRREINAREDEREIRMEOBE S ¥ 5275 Y AHB2TO
LRBEDT, a4 LE T T X7 L IRBROBETEREER - OMOIRLA v 57 5 ¥ XD
EESHIEEV, BEE2 BITHOSHK FECESOTABROZE-FDA v 575 Y
A LA L, ~Loxs Ry ~Rgp&l, & E-FOREBERL T I A LOMEA 577
VA H Mpgy ~Mpgy» XBE—- FORAE 1 g ~ gy &THET I X7EAI & ELL
<,

dlg, d Mg,

Ls‘n +R%ni sn I (HZINN) (68
at "o it "
deSn aNlpsn dZ - o
L psn . EL, tRXEITIRERT AL
dt 07 z=0 dt
—3 T‘il’l aMPSﬂ
= ~ . ATSER| (6.9
' L, (t+sT) 9z =0 ’ ’

FROBERICEL S 77 XL OKELHMBEE By, 81 &d5 &,
Byals)= v I, (s) (6.10)

PGOEIE o A VDL L . E LRIEERT - FEOREA VY Y F YR E My, & LTHIE
a4 WOEREALIC L BREHRA KD S ERAMSHED LD
dl ., dr .

LSH +MC§H
dt Tdt

+R_1.=0 (a=1, ~N 6.11)

INEF 77 RAEHBRLT

S Tyn  Mesa
LS PR Y (n=1,~N)} (6.12)

C

[ ,ls)=—
l+s 7, L

O TH S A WKL L TSN BT 5 XL OKTHESE By & T 5 E

By, ls)= v I, is) (613

< C

B~ C o BHEEOBERIC X BERNEAE R U I = A4 i & HCERES
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By ls)={ 3 S Ten = VI (s) (6, 14)
s = V- * v I s y
He S 145 Tsn L c

ETLLTT9R=ET 5 A POTOREREEL, LNBH€-F, RUMEI A 1E0
BAOMLAEER 5 &, FIAE 1 SORBRE— FET 5 X L OMTRKRARD T

OM pon
By =— 0Z »——=| 1, /27TR, 02
5’Z z==A{)
OM,qn I.n
- . {(6.15)
62 z=0 27R,
fE-T
- M per,
Vo = (6.16)
T 2TWRe 07 =0
Xl 24 B L Tig
-1 M, (617)
v, = 6.17
27TR, 62 z==()
BE-T (614), (6.16), (617) X
B ( ) 1 aMpc E STsn MCSH aIv-[pqn| ( ) ( )
T PE— - : I 6.18
He 2TRy 0Z li=0 =l i4+sT, L. 02 1z=0} 'S
X (69), (610), {616) &b
B { ) 1 aMDsH' z STsn ( )I (519)
S = -_— .
Hen 2ERy 07 ln=o L, (I+s 7) 2he
& ATEEEEOKESREEEIEOA v F o 7R %En& LT
By = —nZB, /R, (620)

- TEEAROENIRHT L7 7 A~OBHHBREREZ b4 V¥ AVHRBEMESDD T 5 X<
DE&EZm, &L T

d?z

N
mpdtz =IP(BH+BHC+H£IBIIsn+Bd) (6.21)

CZTByBEALEORR LS LEPMIBETH 2, ERXE S 75 REHBL, (618) ~
(6.20) #RAT B & :
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Rom N s R
P Zis)=—(n— & N, L )Zisi+Byls) '
B..I, n=1 ts Tgy B
1 oM N S Tan
- —2 1~ ¥ ., J1ls) (6.22)
27B,, 02 =1 148 Ten
cec 11, oM
2
Ny, = i e (6.23)
ETCBV'D Lsn 07 2=0
M sn oM sn aM
n, —=-—— % il (6.24)
Lsn aZ z=10 aZ z={
oA vm4 vy 2% L, IR, WMTEREV (tIET5E
d di;
Lo——+ M, ~—— +R [ .=V, {t) (6.25)
dt i dt

CCTHEHAFE2HBFEH A NEEAELTWAAR A vDHFETHL, STOHIE, hs
I TSRS A bDE L, CCTHERTLIEDET S, €299 58 LiF
dr. 1. V.(t)

w5 = (6.26)
dt Te L.

PP VU3 7 = /5 2 BIBIC £ 0 i FEER 20 ICHEIE 2 BHESA 505, T
DROBEEN AR T 5 &,

Veltl=AZ{t) (5.27)

ARBBENRET +— Fy 7 EPHRGENMETH B, CNH%E (626 RICANT I 77 RZE
Wi sl _
T, A

[ fs)= —Zls) (6.28)
I+s 7. L,

& (628) & (5.22) W ANTERT S &

Zls} Ro /Bvo
W(S)ZB ( ): R N T, 1 oM
‘ m, ) § Tep
d'8 o lll, 82+n_ ¥ N, s + pc| =
Bl o n=1 1+s 7., ZTEBVO 0Z z—0
N s T Te A
(1= 3 ng, 2 : (6:29)
n=1 l+s 7, 1+s7, L.
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Wis)PHIERDOSEEM LS, XAlMS v— 7O ERK G E 7y — RNy # 1 —F
OILEMB HS) 2 FNFRROEICL S, '

Ry B,
Gis)= - (6.30)
Rn lTlD l\i S Ton
———— S +n— 2% n, .
Bul, n=1 7 lts T
-1 M, N $ Ten T, A
s)= — (1- 2 ney — s (6.31)
2TRy 07 |.=o n=1 1+s7, 1+s7, L,
B - TR RS
7 N . T A
_ Mpc (1_ 2 n(-n 8 c —_
1 07 l:=0  a=1 I+st, i1+s7 L.
Gis)*H(s )= (6.32)
278w Rom, Sin — 2 g n ® fon
Bel, n=1 1+s 7,

CO—RIEEBEIC LD 7 4 — Fovy 7 GO B EFEFE SRS 5 2 DK 5,

6.4.2  HIEZR O E HEEE & BT

RIETHO r— KB ODT 1, L, M., RitEORKE 70 L5883 4 LORE Hk
FhFEtHE o —F (EDDYARBT) itk - THkE 5, X By, n, m,, [, Ro BHF07 5 K=
DBR->THONEEAONEBTHL, B v, L, b5l A vs@Rp 3 bic L ndas 13
5, #->THBDIE OM,/0Z & M,/ 0Z Tdh5%, EDDYARBT 51— FTH7 7 X~ D
BHROE &% 5 4 #— VEBRICESHMA THEBEL TV 2, 815735 28 FFIZAZ Fd e
TR OISR ESMUBIBEA S Z 2514 B —LEBROMNB LBEREE XY, 735 X006
0L/ 0t 54 F - VBROKMEIL AL dt TERHEI LT ELDTHS, R (6.8)&D 77
Xz DERIC L » THASABEHROE €~ F 3RO ED SN B,

dl, oM
L, —=+R_ 1, =— =

dZ
. -1 (6.33)
sn dt sn © sn az

dtr°

2 =)

XTAR-WVERMBETI¢ELT, IOFIR-VEREBEROEE—FEOEBHA ¥4 4
v A%E My, £THETA R - VEROEILICL » THRNSZBREHRERATERENS,

di,, dlqg
L.— IR 1, =—

sn sn - osn dsn
dt

dt

(6.34)

FOZADBWBRI, BFLCETHEOM /0Z 351 K- LBRIIDROEICES D
%0

oM Mgy, dly

92 .= 1, dz

(6.35)

p

— 138 —



JAERI—M 83 —031

FEic LT
aM| Mg, dT
A ‘ (6.36)
aZ z=0 I dZ

p

DMy, & My, FEDDYARBT 3 — KT BINTNEDTAL/AZ #RONE R,
ZLTT 57 AN BRI LIEBD 7 7 A< FAOBISGEL ESMUBIEF 545 54 £ VE
FOAE S FRBEERD I, HBOFEEIF 1A LO2TH (3 vy F7TVA4 YO L¥@E) T
b, BHBEMOTEEBRERTHEETH > . RS Table 6. 1iTRT,

P ro#REZRO, R (632 oS EZBRMCHEEANE IR - FIRF% Fig, 6.18
~Fig. 624 d, CCTHBaANMELTRig. 625 ImTHE oA 4034 vDHILPFE 2
LPR4EAVALIEL, FOERLET 683 & Lic,

IRLOHLHERMPIIHE LT Fig, 618 L THHT S, COMOFEE 7V ORES I
DFE ¥ 2 v, HERK, Y+ DIFREST-THED, beAyaHRIC3ZHHsNT
W5, HE Y VERSUBABRICH v FENTED, BEFEHEFHLBIC) 27—
WA-TEY —FIERSH I meEE-Thnd, IRy bEERBEFAKRORS - LY
S TWBBA VE—FROAZRSHND 1 2BEIL~No —ZHA-TEY (o #FKEb 16 4
B, —EERERL0TmR S8 -Tn5E, HEY L E 75 270 L7285 OfE DRSS
1.5cm, Bl BEDED Y2 v EWEETE) 3 eme R -THYD, Y2 vEMOBERIEIN
50msec E7 =T b, stESNIHEFRORE £ — Fid&i K200 msec o5&/ 4 sec F
T323ETHY, ZORNu—XDHMTHIET SFEF - FEBRVARMNE - FORERIF 1
msec FRETHD, T—FE7 7 X2+ EAZEETNIEHmsec DT ORERORRIC
W LTIE, COHEORPRRITINLOT EITHE, IR EEHEETRDT & Fig. 6.18
O — FEETALE 10%ad. /sec DirOBBRE®REFLLTOWILILES, XHDr 4 Y
i 62T RO AE10° L LAROEDTHY, HTHe=35rad. sec DIAETHT 4 v
BOEE->TOBY, IHEBNMBAAZRERTLIECLOrT7 a5 8RS, STZ
DEDOEEICIT 50 msec OEBTFHRAF BB v 2 didh, OV vd7 7 XvOMBAE
EMEAE 20msec ORI L T o bbbt 3L To=157rad. /sec DLEDFERTE v
A LEMBEFF DD T 1+ — Fo3y JHEIBIBMNETIELS LS, W-T7 0 — Fryy 7|
WP ETH BB 0o = 15Trad sec TH A »8 0dB ULETHNEEY, HEO G5
ZHT, o=200rad. sec THX A Y 10dB &4 2EMMEAR 1.246%x10" LETH 5,
TR (62T FVEE A VMO LBEVRV = L246X107 «AZ 1555, (AN BT I
A2DEME) AZ &5cm ETHRSERERE 623 KV &7105, UFHa1vERI
(628) ATHEZONT =22kA £ 5, - THRENTENEI13TCWEN L, ERITIET
Fig. 618 ~Fig. 6,24 OF — FEBICHIE LT, FhThoLaicnBRlEEiosa +
Table 6.2 {CF & iz, ZRBAHETHLIBEHEFHO—FEIL 02 m@, BE Y » VORFEHL0
msec CHEDHEZNEL THNICWOHIBEAMMNELE S, INTOR LENERIFD PF =
4Wﬁ@t—?%ﬁﬁ1GW&ET%5C&%%K%&74fF“y?ﬁﬁ SRS COREEDSE
NICMMA B DPEHEZELZ OGNS, C— B NERSTHESE LTE; (1EEB Y- VORERE
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RELCTH, QI—ABIERE T35, BIBRNLESEHEHCIFCLOBEREROHETER
BNEL T L, FOHESEZLLSNLY, WTIhOHES TENEESESHOREEIKE LY —F
A TTROL LD, X~y » ORAEZLYD 3, oA vEro 4 yvas voRMCE
CHOEANZUHDOEELZRML CAHBLILLHETHAD,

NEBCOMTTHAY 7 XvDMNEDENBAZ 25cm& LBY—-2BHRAZ O_FiKlk
20T, IOERI-s THEEREOE -/ BHRAELED S, 2RO BHRRTERT
DEEBTHY, FRHE7 4 —F oy 0 BHBEEITE, EEHOAZ BHFEFHRECLVEE
Aotd, H-T, HEBEDO -7 ENE2RO LD EBEALGERZITOSNEES S, 7
DEKT Table 62 KR L AEREERBEABEREOLDOTHY, S&GH A Vi LRESERE
EEEL T 4 — Fo5y 7 SO BEHEEIT AT > T, LOEMCREL T LENSD,
HAEINAETHTH 5,
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Current density of outer layer sphere

Bz=(1-g1/10°) (T)
] ; theoritical solution
10°k i1 ; numerical solution
=
e
<
- 10"}
5
5
5 10°+
o - 1 : | F
10° io* 1g° 10? ok
time (sec)

Fig.6.3 Analytical solution and numerical solution for outer layer sphere

{current density at 9=90°)

{ OG jz L] Jé
Current density of inner layer sphere
Bz=(1-€1107) (T)
€ j2» theoritical solution
= oL j2. mumerical solution
&
[
£ 10°H
e
3
10° —= . J 1 |
10 1¢* Ton 10?2 ok

time {sec)

Fig.6.4 Analytical solution and numerical solution for inner layer sphere

{current density at 0=90°)
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t =2msec

X=Calculated value ov)//
100 | straight line is theoritical soluti
Bz=(1-¢€10°%) (T)

x10°A/m

Density

Current

! ] 1 i ] | ] { j [
01 02 03 04 05 06 07 08 09 10
Sin 8

Fig.6.5 Current density profile versus Sin®

(numerical solution for outer layer sphere at t=2msec.)
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THREE LAYER CUT-MODEL (EPR 6.3 M
TIME{SEC)= 5.00000E-02
JOULE LOS5S(W)= 7.28983E 08

SCALE
4.000E 05 A/M

Y

Fig.6.17
Eddy current density distribution at t=50msec.

(1t is shown only conducting shell part of triple layer structure.)
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Fig.6.18 Bode diagram of feedback control systems
(loop resistance of belljar ; 0.07mR)
(loop resistance of vacuum vessel ; 0.095mi2)
(time constant of conducting shell ; 50msec.)
(amplifier factor ; 105)
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Fig.6.19 Bode diagram of feedback control systems

(loop resistance of belljar ; 0.07mi2)

(loop resistance of vacuum vessel ; 0.095mf2)

{time constant of conducting shell ; 100msec.)

(amplifier factor ; 105)
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Fig.6.20 Bode diagram of feedback control systems
(loop resistance of belljar ; 0.23mf?)
(loop  resistance of vacuum vessel ; 0.32mi2)
(time constant of conducting shell ; 50msec.)
(amplifier factor ; 105)
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Fig.6.21 Bode diagram of feedback control systems
(loop resistance of belljar ; 0.23mQ2)
(loop resistance of vacuum vessel ; 0,32m{2)
(time constant of conducting shell ; 100msec.)

(amplifier factor ;-105)
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Fig.6.22 Bode diagram of feedback control systems
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(loop resistance of vacuum vessel ; 0.32mf)
(time constant of conducting shell ; 200msec.)
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Fig.6.23 Bode diagram of feedback conttrol systems
(loop resistance of belljar ; 0.69mR)
(loop resistance of vacuum vessel ; 0.95mS)
(time constant of conducting shell ; 50msec.)

(amplifier factor ; 105)
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Fig.6.24 Bode diagram of feedback control systems
(loop resistance of belljar ; 0.69m2)
(loop resistance of vacuum vessel ; 0.95m{)
(time constant of conducting shell ; 100msec.)

(amplifier factor ; 105)
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Fig.6.25 Location of poloidal field magnet
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