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Analysis Program for Magnetic Field, Inductance of Air-core Coils: COIL

Kiyoshi YOSHIDA, Takaaki ISONO", Makoto SUGIMOTO" and Kiyoshi OKUNO"

Department of ITER Project,
Naka Fusion Research Establishment,
Japan Atomic Energy Research Institute
Naka-machi, Naka-gun, Ibaraki-ken

(Receijved July 3, 2003)

In case of designing a superconducting coil, one must calculate a magnetic field and its inductance many
times in order to arrange proper design parameters of a superconducting coil because there are many
design parameters to evaluate. A superconducting coil cannot be designed by the optimum condition if a

magnetic field and inductance cannot be computed easily.

When a superconducting coil is actually energized, measurement values of the static magnetic field and its
inductance are very well agreed with caiculaied values. The static magnetic field and inductance of the
coil that does not contain a ferromagnetic material can be precisely calculated by using the numerical
integration. The analytic method were developed and established in 1970's. This paper shows the
calculation program COIL that has been developed by applying this analytic method by the
superconducting magnet laboratory in JAERI. The program COIL is qualified by the comparison
between measured and calculated values of the magnetic field and its inductance in case of several real

superconducting coils.

The program COIL is specified to analyze superconducting coils in a tokamak device. The magnetic field
that is created from those coils, and self and mutual inductance can be easily computed by using the
program COIL. Even for a complicated tokamak device, the magnetic field and inductance can be
calculated in several minutes by using the recent the high performance personal computer. The program

COIL contributes to design the superconducting coils for ITER and others.

Keywords: Magnetic Field, Inductance, Coil, ITER, Tokamak
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Fig. 2-1 Circular arc variables in Equation (1)
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Fig. 3-1 Location of filaments for inductance calculation in non-circular coil used in Equation (7). Filament
u and v are located by vector w.
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Table 4-1 Error of magnetic field calculation with orders of Gaussian quadrature

Integration Bmax R at Max. Error Rin=1.0 Error Error
Orders (M (m) (mT) (T (mT) (%)
8 10.2935 0.936 +9.1 10.0884 -196.0 1.9
16 10.2856 0.983 +1.2 10.2315 -52.9 0.5
24 10.2847 0.992 +0.3 10.2602 24.2 0.2
32 10.2844 0.995 0.0 10.2705 -13.9 0.1
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Table 4-2 Error of self-inductance in solenoid (HF24)

Configuration| Number of Inductance Error (%)
filaments (H) .
3x3 9 8.25x 107 15.43
5x5 25 7.63x 107 6.73
7X7 49 7.41x 107 3.70
10x10 100 7.28x 107 1.91
10x40 400 7.148 x 107 0.01
10x80 800 7.146 x 107 -0.01
20x80 1600 7.147 x 107

Table 4-3 Error of self-inductance in non-circular coil (ITER-FDR)

Configuration Number of Inductance Error (%)
filaments (H)
3x3 9 0.998 8.70
5x5 25 0.965 5.11
77 49 0.951 3.68
10x10 100 0.943 2.74
12x12 144 0.940 2.42
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(IO TEBREND, 2L, HELOBRKRBERE By B/BERE Buin &7 5,
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Fig. 4-1 Error of magnetic fields caused by the order of Gaussian quadrature
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Fig. 4-2 Error of self-inductance of solenoid caused by number of filaments
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Number of Current Vecters

Fig. 4-3 Error of self-inductance of non-circular coil caused by number of filaments

Fig. 4-4 Definition of a tetrahedron (1, 2, 6, 9) in a hexahedron (1, 2 ...8) and gravity center (9)

5. MR EAVE DB AEHE DIRELE

EhaA VHBREE 2 ST A [COIL) IR BEEaANOBRFERLTEE 2SS
LATHBID, BLORAFT—FE2HL VD, ZIZ TR, ZEBRICEEEN L VORERE
CEERRE B UC BHEFEERRIET 5, ERIFIOEZEN NI~ D a, Mo T,
FADFHE TS0 7T A THBETo Il Z2 L TITRT,
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51 YL/AF
5.1.1 BIzEYL/AF (HF24)

ERWLOERE LY VA FOEFEE LTEHICRALTWARBEEY L/ A FHF24[11]
% Fig. 5-1 D I A MR, 5BE ICHBEEBRT 2RV BERBANEORR D 5, MR
DYV A RiTEEEZEBICERT 572D, Fig. 5-1 IRT I V—T 4 VI HFENRE,
FOI®, RAEMROMFEIEARE LEELRER TH D, Table 5-1 ICHRHEARBR L AERR
Y. Fig. 5-2 \C ¥R FROEFT R ORAB)RHERT, HEMARIIEANRREGHENTH S,

Table 5-1 Measurement and calculated vales of a solenoid: HF24

Measured Values | Calculated Values Error (%)
Magnetic Field (1) 13.0 12.91 -0.72
Self Inductance (H) 5.46 5.64 3.30

5.1.2 RELROA4)L-04 )L (DPC)

EEaFERRa A ZN s a4 VOO EEBEORBRETH B EFERe A v - 24/ (DPC)
[12]% Fig. 5-3 IZRT, BEMARDB2)D¥ROM%E Fig. 5-4 1R T, TOMREA VX5
ADPNEFRER%E Table 52 IZF & DT,

Table 5-2 Measurement and calculated vales of two solenoids: DPC

Measured Values Calculated Values Error (%)
Magnetic field by U1 (T 4.25 4.278 0.65
single charge
Self inductance - average | (H) 24.05 23.61 -1.83
Seif inductance (U1, U2) (24.1, 24.2)
Mutual Inductance (H) 7.8 7.767 -0.41

5.1.3 Gyrotron BB {zEaA /L

A FERAOmMBER THAY yMu e I EDKA BT AMEHELEa AL
Gyrotron #B{=i =1 1 L[13]D Fig. 5-5 \ZR”T, A MBI 2 HOF R = A L & 2 stoIEER
aA e, 3EOHBERN LR EIND, Fig 5-6 IS EOBASHOHEEE TR, MREA
VEIE U ADORIERRB L O BEMOLEE Table 5-3 IR, ZOL D ICHEFREEN S ER
SNBHAITRNTH, BFHEIL 1% BESNIEA L+ TH S,

Table 5-3 Measurement and calculated vales of multi solenoids: Gyrotron

Location of Z-axis Measured Value (T) Calculated Value (T) Error (%)
-10 0.248 0.248 0.08
0 0.252 0.254 0.71
10 0.260 0.258 -1.09
390 5.002 4.993 -0.17
400 5.010 5.001 -0.17
410 5.001 4.969 -0.63
Stored Energy (kJ) 585.1 576.8
Inductance (H) 91.0 89.7 -1.41

52 L—XMSyOBIaLIL
L—A NF v Blaf LoOflE LT SOR 7 K OB FINELR CTHEME Z 5 Wiggler = A /V[14]D
Bl% Fig. 5-7 77, B — AT A LOBMROFHEMEL Fig. 5-8 17T, aAfrEIxLBl=A12
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KO SN D, BESAREHE & RTRE % Table 5-4 [Z7R7,

Table 5-4 Measurement and calculated vales of racetrack coils: Wiggler

Measured Value (T) Calculated Value (T) Error (%)

Main Coil 3.36 3.390 0.89
Auxiliary 1 Coil -2.13 -2.148 0.85
Auxiliary 2 Coil -2.17 -2.148 1.01

5.3 JEMFZaAIL

FEMAWaAL DL LT LCT 224 V[15]1061%RT, Fig. 5-9 ICEBRHORRE TR T, BAREHA
LIRMTRE % Table 5-5 IR T, ZORBREREXDaANMZRD L, BRAIEIZRAWSFR—LVRTF
DOBAHI L ECH NS+ 2 EER W), AIEEICZ OBENFTENEERXDND, =
ANVBERREHSEER L 10%EEOBRELFoTCWATD, A ¥ 7 ADFHEIZBWTI,

FERHEOERBEIIL 5% TH 5,

Table 5-5 Measurement and calculated vales of non-circular coil: LCT

Measured Value (T) | Calculated Value (T) Error (%)
Inductance (H) 2.02 1.966 -2.65
Magnetic Field (T) 6.4 6.20 -3.13

5.4 PO VAL DEREHS

ITER-EDA DEAMREE(16] THE LIz TF =4 VBEDA V5 7 5 o A%RT, Fig 5-10 10T
X5 2IEMBOD) WA AR ENS, BWENE 25 KORE CEL LB OHERREE
Table 5-6 (ZRY, HLEIDXE D72 DIT EFFI[4]% B fE & iz NEFFI[91% AW o3t %2777,
TR, BR AEA 257 5 AL 1%UATORE T LR, BEA V57 5 v ARBRE
EREWNWZ EWRENT, FHIE A2FICR UL ICARA V& 7 ¥ ADHE CIIBEKS
100 AL EIC U CHE L TREEZR T ALERD S,

Table 5-6 Inductance calculations between two independent programs

Value by NEFFI [12] Value by COIL Error (%)
Self Inductance (25) 0.91771 0.9645 5.11
Self Inductance (144) - 0.9400 242
Mutual Inductance  1-2 0.3881 0.3856 -0.65
' 1-3 0.2047 0.2042 -0.21
1-4 0.1213 0.1214 0.05
1-5 0.0773 0.0774 0.24
1-6 0.0522 0.0524 0.39
1-7 0.0374 0.0376 0.50
1-8 0.0285 0.0287 0.60
1-9 0.0233 0.0234 0.66
1-10 0.0205 0.0206 0.71
1-11 0.0196 0.0197 0.72
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verify03.dat hf 24

Z(m)

017t

0
X (m)
(C)1999 JAERI-SCML COIL 1.0

Fig. 5-1 Shape of solenoid HF24

COIlL:verify02.dat: hf 24:y = 0.000D+00(m), z = 0.000D+00(m)
14 T T - T T T T T T T

e - Bz
12 + |

10

Bz (T)

_4 1 1 1 b1 1 1 1 1 1
0 005 01 016 02 025 03 03 04 045 05

(C)1999 JAERI-SCML COIL 1.0 X (m)

Fig. 5-2 Axial magnetic field (Bz) distribution along radius from center at solenoid HF24
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verify04.dat: dpc

Z (m)

05+t

X (m) : -1

(C)1999 JAERI-SCML COIL 1.0

Fig. 5-3 Shape of two modules in the DPC

COIL:verify04.dat: dpc:y = 0.000D+00(m), z = 3.050D-01(m)
6 : T . . :

Bz (T)
N

-1 F //-

0 0.2 0.4 0.6 0.8 1 1.2

(C)1999 JAERI-SCML COIL 1.0 X (m)

Fig. 5-4 Axial magnetic field (Bz) distribution along radius from center at the DPC
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verify05.dat: gyrotron

'gd022001" ———

(C)1999 JAERI-SCML COIL 1.0

Fig. 5-5 Shape of combination o solenoid for Gyrotron

COIL:verify05.dat: gyrotron:x = 0.000D+00(m), y = 0.000D+00(m)
55 T T T T T T T T T

Bz (T)

0 1 [ 1 1 ! 1 1 1 )

005 0 005 01 015 02 025 03 035 04 045
(CY1999 JAERI-SCML COIL 1.0 Z(m)

Fig. 5-6 Axial magnetic field (Bz) distribution along radius from center at the Gyrotron
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verify06.dat: wiggler

'9d002001" ——
Z (m)
0.05 |
0 L
-0.05 |
0.15
0.1
0.05
- 0
0.1 %05 5 005 Y™
X (m) 0,055 0.1

(C)1999 JAERI-SCML COIL 1.0

Fig. 5-7 Shape of racetrack coils of Wiggler

COlL..verify06.dat: wiggler:y = 0.000D+00(m), z = 0.000D+00(m)

p—

By (T)

~
\\
T -

\
1t
\ \
2t \
_3 L 1 t Il L I} Il

02 -015  -0.1 -0.05 0 0.05 0.1 0.15 0.2
{C)1999 JAERI-SCML COIL 1.0 X (m)

Fig. 5-8 Axial magnetic field (By) distribution along beam line (centerline) at the Wiggler
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verify07.dat: Ict-ja coil

vgdo1 9001"

(C)1999 JAERI-SCML COIL 1.0

Fig. 5-9 Shape of winding pack of the Japanese LCT

'9d015001" ———
Z (m)
5 f
1
-~
of 1
’g
5L ut
20
15
10
-15
10 5 Y (m)
- 0 0
5 -5
X (m) L=

(C)1999 JAERI-SCML COIL 1.0

Fig. 5-10 A half of torus consisted by 10 toroidal field coils in the ITER tokamak
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6. 70U LDERIE

6.1 aAMILBIRERDF %

BERSFEICRVW T, 3 REERICEBShaA VBREERETANERDH D, TORD,
COIL Tit, U=/ BD b Z-af VEBELRE Teoil &, R F)L af VEBEL
7= Peoil =y RO 2EBABIN T3, A VBROEBEOHFEIT 6 A & (16 B IZFEEIC
FRLTH D,

(1) Teoil: JEAT A MIFHER L BEREEROELEGE T X-Z BIZEET D, BELIaA
N % TATH%E (Ox, Oy, Ok Z#E Y OEERE)CEHT 5, Fig. 6-1 KENTNORFOR
2 e I

() Peoil: HEiaA VOEHL ZE L (O2) TBEIZ ERT D Fig. 62 ITENELNDREDEL
R,

6.2 WS EREEOBAER

A NVOFRFHIBNT, BAOHERZBEAERT S LERTH D, b, hoFr T4
TERENTCROBAFHE BT BERH D, HEREBIAERDTIER LI A L& B IZF
MLTHB, COILIFLUTICRT LI RHERLBEAERT D~ NEFT S,

(1) E# EOBERSA: line

(2) AALOBER circle : N 7 EBONTA—FTHDY vy TVEOFHENTE B,

(3) FEMAE = A N DERIZIR - T2 5377: perimeter

(4) EE _ EORER A grid

B) AL E L DD ROBAHE

6) BRAGHEDOED, BROEREEMAFHELINE T ST L DT —F DOTH

6.3 TRISLOFERAE

COIL OfEAEIX. UNIX, Windows 2 EDARVATF AT« VAT AL, ZNEDNR—L g
(98/Me/2000/XP)IAKTFT BT ORBEZFITITTR LRV, EDED, vl T ALDAL A F—)L
R, BHRERFEIT eSS AMMBET A2 TAKERESL TV,

COIL [IBEE a A NOBRFHIELF-oTE LTl T A THING, ERAMNRav L FE£L
FoTnag, oru /34T 1 RBEMHD XS RHETH, ¥B T TE AL ERANT
HD, I I~=rBafn - VATAIELELIRPIEZL 2ETW35, ERICHERT 554
Wi, & A IBIEE Z R LT D TEEIT S 72, COIL DRFW 2 =2~ FOFH % 16k B
IZRET, I FOFEMIZ, el 0RBOEATHA D0l I A IHBTEv=a T
WCREHE I TW3,

L2L, 2ANVBROBEREE I IBa )V« VAT ATHWTOWS a A VIZHE LzER
2o TWB 4, MOaA ABRIZIEHE D RIE LTV, SHBEETRIC, I 5L EB
muizey, )
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z
V4
y
/ "
Oz
e
oy, |
7 \o
/
- Ox X

Fig. 6-1 Definition of Tcoil segment in the COIL program. Tcoil can be moved by location of Ox, Oy, Oz
and angle of 6 from X-axis

Z
\OZ‘/
Pcoil
X
-Y
Fig. 6-2 Definition of Pcoil segment in the COIL program. Pcoil is only moved along Z-axis by distance
Oz
7. TEH

Zhaf )VRABKEE v ST A [COIL) X 1977 FEEMLBBICEF L, T0O% 26 EMICE
L DEERHEHOBMARENTEE, AREZETLDAIHTEY, LA LSTWEREICH
EENTZaA VOBRERRLBITRREZELDDIENTEE, 4E, BHELELTH.,
BUEMEE L oo A—D@BRE LN, Lab, FHE#OMER LICX Y HERMAKIBIZE
LD, JVEBEZEDEHERERIZITAD L DICRoT:,

DL, Bhaf VOEBRBITIIAT 0 ST A EAWVTHETIETEAII MR D
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W bDTH B, 5% bERNRBEE A NVORBITOERMBIT CRAShDIZ E2R/EL
T, Iur 7520l T5Z e L,

HEE

A7 ST AiE, WERGEPD 260 EHRBLIEDDTH D, BT, bo b bEKRNRIFT 2T
M UEBAR EE 4EFRFREEMAIEER). M EBICRELSET 0T T L Feld
BlEo vkt HREK (48R RERTD 6 OISRIFRER) . 2 FAAZRLLIET 0 s T A
Force #1Eo Tz k4 FREK (MFEKCS »oOHMBER) 2 EOWANLoTHEEL, TORGT
EMERII o= FEBMURAS BHET Lz, REIC, R0 77 AOBURICER S 2%
KDFCBHLET,

B 3

(11 &AL . BEERAICET LA, EXRETFEFHTFEHRES 722 5 (1971).
[2]S. Shimamoto, et al., "Three Dimensional Stress Calculation of Toroidal Coil by Finite Element
Method", 6™ International Conference on Magnet Technology (MT-6), pp. 883-887 (1977).
[3]1S.]. Sackett, "Calculation of Electromagnetic Field and Forces in Coil System of Arbitrary Geometry",
6" Symposium on Engineering Problems of Fusion Energy, p.935 (1975).
[4]S.J. Sackett, "A Magnetic Field Code for Handling General Current Carrying Conductor in Three
Dimension", 5™ International Conference on Magnet Technology (MT-5), pp. 203-209 (1975).
[51S.J. Sackett, "EFFI- A Code for Calculating the Electromagnetic Field, Force, and Inductance in Coil
Systems of Arbitrary Geometry", UCRL-52402 (1978).
ol % REE—. ILIRHE—RS | FEMERKFRE. FHR (1970).
[TV SC : KRB G 5B 022 LA 2 A VB L ORERS = 4 VERE OKEL, JAERIM
5859 (1974).
[BIFME : EH H : A F 7 F o Z5tE a— RO (1979).
[91FME : WBH =¥, NEFFI OFERER,
[10] BABMFERR - MR ITFMERE. p. A2-72 (1987).
[11] M. Nishi, et al., "Development of a 240 mm Bore - 13 T Superconducting Coil for Large Scale
Conductor Testing", IEEE Transactions. MAG., Vol.28, pp.597-604 (1992).
[12] K. Okuno, et al., "The First Experiment of the 30-KA, Nb-Ti Demo Poloidal Coils (DPC-U1 and U2)",
Proceedings of the 11th International Conference on Magnet Technology, pp. 812 - 817 (1990).
[13] M. Konno, et al., "Superconducting Magnet System for High Power Gyrotron", IEEE Transactions on
Applied Superconductivity, Vol. 3, No. 1, pp.551-554 (1993).
[14] 55T . BEE Y 4 F 5 — « 21 VEYE, JAERI-M 90-077 (1990).
[15] S. Shimamoto, et al., "Domestic Test Result of the Japanese LCT Coil", IEEE Transactions on
Magnetics, Vol. 19, pp. 851-858 (1983).
[16] ITER-EDA, "Technical Basis for the ITER Final Design, Cost review and Safety Analysis (FDR)"
IAEA/ITER EDA/DS/16, IAEA,VIENNA (1998).
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{18% A a2 R DERER

elhal VERGIE 0 /T A COIL DFIREN A NERSCHEAHEREZEOEHREZ, Tu
S MNBEETABBICANT A aSELr o~ FERES, BUF, COIL THWA a<w FROEEIZD
W5, BRI REIETEE B 2T,

A1l BAEBEOES

=S AN IG5 A~DEREANTAEDICTFORDLN-EHETHD,

YTawy aer REANLER, BEITCEIANTIEDOLOTavy REFEL

r BELTWD, T avr FEEoa<vw L REANTRLEEDaw L R F
— Rz (a7 b B3%ns $IEEIND), ¥ Tavw FBRANT
&5, ENDYVTaer ReEANTHLEEDa~vy R E—FBKRTT S,
TCOIL & PCAL THW3,

NI A—F a<wy ROBIMTIT, FOa<w FCHERLEZEWVWI L 2ERTSH, NT X
— I X —U—FLEANLRD,

XF—U—R RIX—FEBHNTAZDOTNVT 7y bEE NI,

HH NRIGA—E D5 bRRAEPLEREFPXFIERD TANTEIE S 2N
Do

oAb aw ROLEIThH, BE; (BIany) REEE (Ur—7) KW
EEOXFIE, a<y ROETIIIHE RV AL N Th S,

LE
Teoil Teoil i R—F Y FItEBBESNZBEIITD2IA AL Thaf FABRaA v
(Toroidal Field Coil) & FFIT#IL D, AMETIEIT c o i 1 LEIET D,
Pcoil Pcoil {X[Rl— D RICEIE SN T=HEROa A VTR A FABRa AL

~ (Poloidal Field Coil) & FEIEIN 5, A TiZ Pcoil L EMET 5,
Number BRE

Value 2
Name HICFEE £ 2VWICFF]
String AXFEZEL'X F IITTRRA b7 4 —OTHENS,

A2 AR -7+—3vrDH

awy NIIEK 256 XFEETCESEAATETH D, Fh, ANTRIETHTRTPILFEIC
BHINTHTAE IN D72, KXFEPXFORFNTRV, ERAHIZIE, avr FEART A—
INOHEREIND, AV MEIXFLEITH  RETERTEDIDOT, BOIKANTE L LW,
SIA MIBAEBLANTE S,

avUE NTA—F B BIAN
PCOIL Num WIDE Wr Wz ; ABCD
HHE F—U—F HH HH

A3 UR-Or—IYrDRA
NG RA—=F Tx—<y hCRBENTWBIEFTANTE, FERTA—F F—TU—F,
DANNEF HEAEICIE L » U EOEERNLETH D,
FERICF gy R, 7 aws R, F—U—FERT, TOFEEASHL TS LWV,
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ErLEIFTHATHD, vy FICHERTERWESET v F—F
A VTR LT, KXFL/DLFEIRICHENTH D,

#}NFE  EEETT, ARESLEREFNIXFINCBERITANT S,

C 1) BN OX—T— FOHFHL—O@RTE S, ANTUEHTH D,

{13 AFvarT {  JOREEHERTIN—OBRUTANT S, HHEEE
DRE SN D EIFHAOMIZFER Sh D,

< > < >{ZfE T number, value, name 72 £ # AJ1$ 3,
[ ] KA T 5 ADTIZ/2 -7 FORCE HiDF—TU— KT, ¥EERIITEHN
FRIZELEEINDTFETH 2,
Ad BHIFR

AK7a TS AOEMAIIUTO 2 BIE» D SET 2= FTRETS (%SET ENG), #IHHEIX
SI YR Th B, AERLEIT MKS BTRTHHD T, aA VBRERITITEEMNRT, HER
BiZ ST BIRCHRTFTDHZ L HFETH D, BEFED FORCE o< F&EHF 5 B3 HANT SET
ENG O 1 {T#BEMT LB H B,

SIEfIR EEOSIEMRZHAVS, (REQAE)

MKS B X m
5 N
AVETER H
AR FE degree
B A
REF T
BREE Am?

THBEMNFE TERCER L L TESTWAENMNRT, MKSD S BEUTO 3 ARERX
hNTAHAENS, 7L, NAEILSIBEMNRTHAD TS —RA vE
— VR EIE SIBALRTHAEINS,

ENG B X mm
Vi kg-f
B A/mm’
A5 EEZEXR

I TS MI NI I EBOaANVERNTHZ L2 BEMICEES 2, A 4 ED Fig,
4-5, Fig.4-6 \Z~9 K 5 RRIEERZ AV 5,

Teoil IIEBRD 2 A A THIL (ARC) LEMH (BAR) 2HASHLE T, BEED x-z BHIZ
FACIN—T%1ED, EHIZ, ORIGIN ¥ —U— N TCREES X, Y, ZFH~DBE L. ZH#EY
DOEEEAE 07T, Teoill ZEHARB L b—F ARERT B, TDH, Teoil IXHGREESR TIX
RETE T, aA VORI toroidal FEIC7R 0 (B IX Radial FIZ72 5, & HIZA B AT poloidal
FH LRI 5,

Pcoil IZMBEEK = A VT Z BIHFHICERE S, ZBOMBEL G REBTE B, Peoil ILEE D
MEEERTEREATE D7D, 2AVOEIITZFHET, 2/ /LOEBIXR FRATESRT 5,

A6 BaATKRDILHE 4
DLITIC COIL T D a~vy ROMEL L O, HFawr FOFEMRERIZ. 7ulT AIE
ffahzd~v==27/ (CoilHelp. htm) IZFBFHE E L TW3,




gy R4

CD
CHARGE
CIRCLE
DELETE
DIR
EXIT
FIELD
FINISH
FILE
LOAD
FORCE
GRID
HELP
LINE
LIST
MESH
MUTUAL
PCOIL
PERIMETER
PFCAL
QUIT

RECONNECT
REPLOT
RESET
SAVE
SET
SELF
SHAPE
SPOT
TCOIL
TFCOPY
TMOVE
TITLE
TYPE
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Vb T4 VI NI —DRREER
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a4 VEEE

HLU b T4 L7 N —HDT 7 A VEFR, (DOS R UNIX % i)
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ST 7 A NVOERORR 5 E
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8% B GIRESARELT—

B.1[EL&HIC

4% B iX, Z2laA VRIBRENE = — F: COIL TEMAT D2~y REBET 50T TV
ELUTH LR, vy FEEDI<Y R 77 A MIBHERBR TRV HIE L REET — 5
5725, testXX.dat iXBHERBRICHV D700, FHEEELEEL L TEREN TS, TS 57
5‘/;(@%%:%?@11&0\0)’6\ FOEEFERALRZNE 5°Ef§:ﬁ§1,\5o Verif}’XX.dat . AKX 4.5
BECHEM LIBEERT — 5 Th D, :

WFRDaTY B 77 A VT =F bABICRMF SN TN H DT, COIL ZRERTBFESET
VAN T 7 AART T T4 v 7 BRFTDIENTED, £, sample¥estrun.bat ZELE) Y
5ETRTOT A MNP EBCEET S, UTRAN v FET—F LERO—HERT,

g | B B . | g~V R T7ANET—F
BT — %
B.2 a-ey KoO#EE testl.dat
B.3 RaAf Z) e« afVOBREAVEI Z U AFHE test2.dat
B.4 faAfFN s af VOBREA LV E T Z U RFHE test3.dat
B.5 BaAfZN e af VOERHHE test4.dat
B.6 haA Zn e af VOBREAHEE : testS.dat
B.7 < s EBEOBREE test6.dat
HERT 7 A S OREREE test7.dat test7xyz
N7 7S5 2 (IDEAS) 2B 0OBRESHEE test8.dat  test8ideas

NERT 7T b (ANSYS Ver.5.3) b DERESIFHE test9.dat test9ansys

B.8 ST a7 T 5 (ANSYS Ver.6.0) »HOEREAFE | testl0.dat  testl0ansys

BRAAT —7

41 | HRHEOBORBE verify01.dat

50 | YV /A FaArofl - HF24 verify02.dat |
5.1 | PF coil D#RFHDORELR verify03.dat |
51 | Vv /A4 FaALofl -DPC verify04.dat |
51 | YV )4 RaA vdfl - Gyrotron verify05.dat
52 | V—ALT v DF| - Wiggler verify06.dat |
53 |DE=aAA-LCT verify07.dat

54 | N7 EBORENHI verify08.dat

42 | TF coil DB LA V¥ 7 ZF A DOBR verify09.dat

54 | TFcoil DMEA VXU 2V AOFE verify10.dat

B.2av Rmigk

< FOBEORBRETT 5 Bl % testl.dat IZ7RT, T DOFRERT, help =< KT CoilHelp.htm 73
TSP TRREINWNE, el T A0REREIIRT TH S,

# Testl.dat System Operation )

cd |
dir * dat

type testO1. dat
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set

file

help ¢

help ! SMRTSOFEFALT Help %R
pcoil Tw0.5 5.0r 1.25z 0.0m25.0d4 413

list a

del p 1

list a

exit

B.3RAASIL A ILDHREA T IR AEE
RaAFZN s AL NVOREREAVE T Z L AERDDIBBREITO BE test2.dat (ZRT, ZDOHF
Tk, 79 7RRT BT 27T b gnuplot IZIERICT —Z BESNDNEHERT S,

- # test2.dat: test data for PFcoil
TITL 'Test2.dat: PF coil for FIELD and INDUCTANCE
# Node = 192 = 4 x 4 x 12
# Elemrnt = 108 = 3 x 3 x 12

pcoil Tw0.5 50r 1.26z 0.0m25.0d4413

pcoil 2w 0.5 5.0 200z 0.0m25.0d4 413

#quit

list a

shape a ! Ao S S5 L gnuplot ZRIALTHKERR
# Field calculation

spot 000

line x 0 dx 0.1 nx 41 max

line z 0 dz 0.2 nx 41 max

circr 1.0t 0 dt 1 nt 31 max

peri p 1 max

gridx0dx 0.2nx21z20dz0.2nz21y0
# Inductance

self p 1

self p 2

mutual p 1 2

exit

'gd001001" -~

0
X (m) 2
(C)1999 JAERI-SCML COIL 1.0

Fig. B.3-1 Shape of solenoid: shape a
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LINE test2.dat: pf coil for field and inductance:y = 0.000D+00(m), z = 0.000D+00(m)

12 T T T T T 4 T
|B| .................. "

J \ -

1Bl (D
<D

.| N |

0 1 L L 1 J. 1 1
0 0.5 1 © 15 2 2.5 3 35 4

(C)1999 JAERI-SCML COIL 1.0 X (m)
Fig. B.3-2 Magnetic field along radius: line x 0 dx 0.1 nx 41 max

GRID test2.dat: pf coil for fieid and inductance: y = 0.000E+00 (m)

[BI(T)

(C)1999 JAERI-SCML COIL 1.0

Fig. B.3-3 Contour plot of magnetic field: gridx0dx0.2nx2120dz0.2nz21vy0
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GRID test2.dat: pf coil for field and inductance: y = 0.000E+00 (m)
X-Z Vector, |Bjmax = 10.741 (T)

'gd013001" ———
4 - i} s f 1 . ¢ , . . . . . . - . - . - - . . p

4.5 T T T T T T

356

AN

3+t

25

2 L

Z (m)
e e v ta
TN N N U N W M S

o coin e oo onte o ke e wm

15 |

e T S N T T U U U S
i

1 L

05

o G o i i e e g, e e N NN w
o e e e e e SN N N N S SN
e N N N O N
N N U W Y T N

0 L

_05 1 t 1 i Il 1] 1 ] !
-0.5 0 0.5 1 1.5 2 25 3 3.5 4 4.5

(C)1999 JAERI-SCML COIL 1.0 X (m)

Fig. B.3-4 Flux distribution by allow: gridx0dx0.2nx2120dz0.2nz21vy0

AVETEADRFERREZUTIORT, WTFNOBRLZ— 8N 1.0 THBHDTEEREDA
VETEVADERE - BERTEETHS,

Title:test2.dat: pf coil for field and inductance
Mode : Self Date and Time :1999- 5-11 14:52: 8.18
Poloidal Coil Shape

Center Ro = 2.00000 . Zo = 000000 )
Width dR= .500000 . dZ= B5.00000 )
Terns = 1. 00000 , hr= 4, nz-= 4

Self Inductance 2.331196D-06 (H)

Title:test2. dat: pf coil for field and inductance
Mode : Mutual Date and Time :1999- 5-11 14:52: 8.18
Poloidal Coil Shape

Center Rc = 1.25000 , Zc = .000000 (m)
Width dR = .500000 , dZ = 5.00000 (m)
Terns = 1.00000 , hr = 4, nz-= 4
Poloidal Coil Shape

Center Rc = 2. 00000 . Zc = .000000 (m)
Width dR = .500000 , dZ = 5.00000 (m)
Terns = 1. 00000 , hr = 4, nz= 4
Z-Distance of two coils = .000 (m)

Mutual! Inductance 9.130734D-07 (H)
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B4 FOAASHIL AL IV DBEREAV T VIV RFE
haAFN s af)VOBEREA VE T F L RABRE LA test3.dat IZ7RT,

# Test data for coil, 99-2-23, K. Yoshida
TITL 'Test3.dat, Only TF coil & Field & Inductance '
; ITER Wagnet System 99-1-10, KY
| %R
TCOIL 1 W 0.7722 0.5602 M 9.6 D 3 3 NT 150
ARG C 4.6376 0.00 R 5.84993 A -77.40 77.40D
ARG © 5.2085 2.560 R 3.22703 A 77.40 116.50 D
ARG C 4.6150 3.748 R 1.89903 A 116.50 180.00 D
BAR $ 2.716 3.748 E 2.716 -3.748 D 5
ARG C 4.6150 —-3. 748 R 1.89903 A 180.00 243.50 D 4
ARC G 5.2085 -2.560 R 3.22703 A 243.50 282.60 D 4
END
TFCO 17 NO 1 1D 20.0
" # field calculation
shape a
spot 6 0 0
line x 0 dx 0.2 nx 51 z 2 max
#quit
circr 9t 0 dt 1 nt 31 max
perimeter t 1 dp 2 dt 0. 38 max
gridx2dx 0.2nx21y0dy 0.2ny21z0
# Inductance
self t1
mutual t 1 2
mutual £ 1 3
mutual t 1 4
exit

£ o

Teoil IFV—7 BB LTV THEET A, MBITETRRD, TD7), V—T08EE:

HE27Ia s ARKRELTNS,
# Check X-Z shape of Tcoil.

No. Xstart Zstart Xend Zend Distance .

1 5.91372 -5. 70904 5.91372 5. 70904 1. 295934F-03

2 5.91245 5.70931 3. 76861 5. 44798 1. 060563E~03

3 3.76766 5. 44751 2.71597 3. 74800 3. 000004E-05

4 2.71600 3. 74800 2.71600 -3. 74800 3. 000004E-05

5 2.71597 -3. 74800 3.76766 -5. 44751 1. 060498E-03

6 3.76861 -5. 44798 5.91245 -5. 70931 1. 296091E-03

AVEI B ADHEBROHNETT, WTFHOREESL #— 88 1.0 TEHE L,

Title:test3. dat, only tf coil & field & inductance
Mode : Self Date and Time :1999- 5-11 14:52:21.15
A Troidal Goil Geometry

Cross—section Number of vectors
Width wx) = . 8(m) nx = 3
Thickness (wy) = .6@m) ny = 3
Side-view nn= 6

Center (m) Radius (m) Angle (deg) Mesh
( 4.6, .0) 5.8 ( -71. 4, 71.4) 9
( 5.2, 2.6) 3.2 ( 71.4, 116.5) 4
( 4. 6, 3.7 1.9 ( 116. 5, 180.0) 4
( 2.7, 3.7 0« 2.7, -3.7 5
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( 4.6, -3.7) 1.9 ( 180. 0, 243.5) 4
( 5.2, -2.6) 3.2 ( 243. 5, 282. 6) 4
Number of vectors nz= 30
Maxnum node point is 270, Turns is 1.0

Self Inductance is 1.966532E-056 (H)

Title:test3. dat, only tf coil & field & inductance
Mode : Mutual Date and Time :1999- 5-11 14:52:21.15
A Troidal Coil Geometry

Cross—section Number of vectors
Width (wx) = . 8(m) nx = 3
Thickness (wy) = .6(m) ny = 3
Side-view nn= 6
Genter (m) Radius (m) Angie (deg) Mesh
( 4.6, .0 58 ( -11. 4, 71. 48 9
( 5.2, 2.6) 3.2 ( 71.4, 116.5) 4
( 4.6, 3.7 1.9 ( 116. 5, 180.0) 4
( 2.1, 3.0 0« 2.7, -3.7 5
( 4.6, =-3.7) 1.9 ( 180. 0, 243.5) 4
( 5.2, -2.6) 3.2 ( 243. 5, 282. 6) 4
Number of vectors nz= 30
A Troidal Goil Geometry
Cross—section Number of vectors
Width (wx) = .8(m) nx = 3
Thickness (wy) = .6(m) ny = 3
Side-view nh= 6
Center (m) Radius (m) Angle (deg) Mesh
( 4.6, .0 5.8 ( -717.4, 71.4) 9
( 5.2, 2.6) 3.2 ( 71.4, 116.5) 4
( 4.8, ah 1.9 ( 116. 5, 180. 0) 4
( 2.7, 3.7 .0 ¢ 2.7, -3.7 5
( 4.6, -3.7 1.9 ( 180.0, 243.5) 4
( 5.2, -2.6) 3.2 ( 243.5, 282. 6) 4
Number of vectors nz = 30
Troidal Coil Rotation
dX = 0 (m o, dY = .0 (m) ., Angle= 20.00 (deg)
Maxnum node point are 270 270, Turns are 1.0 1.0

Mutual Inductance is 6.623968E-06 (H)

BRI OHAOF % UTIRT,
Coil K Max (|B]) Max (JF]) fx fy fz IFI

Volume

Nodes

-1 p 10.4758 ( 57) .137767E+08 ( 154) -1.20366  -23631.9 - 121072E-07 .222420E+07

18.7417

192
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test3.dat, only tf coil & field & inductance

'9d005001" ~—
Z (m)
5+
0t
-5+
10
5
: 0
10— % Y (m)
0
X (m) 5 510

(C)1999 JAERI-SCML COIL 1.0
Fig. B.4-1 Shape of TF coils: shape a

COlL:test3.dat, only ff coil & field & inductance:y = 0.000D+00(m), z = 2.000D+00(n
14

Bl —

12

10

e —

1Bl (T)

2t | ]
L_J . . .

0 2 4 6 8 10

0

(C)1999 JAERI-SCML COIL 1.0 X (m)

Fig. B.4-2 Magnetic field along radius: line x 0 dx 0.2 nx 51 z2 max
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T

' IB|

CIRCLE test3.dat, only tf coil & field & inductance:r = 9.000D+00(m), z = 0.000D+00(m) Axis : Z

T T

4.2 T
P

39 | \\
\ /
/

E
o

38 \

A\ /
/ \
36 \ ) 1
3.5 L ! — 1 ]
0 5 10 15 20 25 30
(C)1999 JAERI-SCML COIL 1.0 Theta (deg)
circr9t0dt 1 nt31 max

Fig. B.4-3 Ripple of magnetic field in plasma edge:

PERIMETER test3.dat, only tf coil & field & inductance
IBI ........................

12

1 F

1Bl (T)
\
/

7 \ /
e ,.//
80 100

60

0
Perimeter (%)

(C)1999 JAERI-SCML COIL 1.0
perimetert 1 dp 2 dt 0.38 max

Fig. B.4-4 Field distribution along innermost turn of TF coil:
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B.5 RO/ S JL-afILDEHMHEE
Ko ZN - afaf VOB ZFHETDH% testd.dat IR

# Test data for coil, 99-2-23, K. Yoshida
TITL 'Test4.dat for PF coil FORCE

: Node =192 = 4 x 4 x 12

» Elemrnt = 108 = 3 x
PCOIL 1 W 0.5

PGOIL 2 W 0.5
shape a

list a

mesh p 1

list n

shape p 1 node
force p 1 mesh
exit

1

N =
O M X
N NN

257 0.0M25.0D 4413
.00Z 0.0M25.0D 4413

5.0R
5.0R

COIL MESH Node Data:test4.dat for pf coil force

P S Swr 'gd003007'
b >§ N 'gd003002'
Z(m) AP /9%

0
X (m) 2
(C)1999 JAERI-SCML COIL 1.0

Fig B.5-1 Nodal point of solenoid: shape p 1 node
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COIL:FORCE:test4.dat for pf coil force:
11 . ; T ; 7

|Bl ................. -

10

Bl (T)

h

|

1

It
i
IH Lll

4

0 20

(C)1999 JAERI-SCML COIL 1.0 NODE
Fig. B.5-2 Magnetic field on each node

COIL:FORCE:test4.dat for pf coil force:
1.5e+007 T . ; T . T T

1e+007 ||

5e+006 | |||

Fx (N)
o)

-5e+006 |

-1e+007 |

_1.5e+007 1 L 1 | 1 1 1 L [l
0 20 40 60 80 100 120 140 160 180 200

(C)1999 JAERI-SCML COIL 1.0 NODE

Fig. B.5-4 Force on each node: force p 1 mesh

B.6 FAASIL-a/ILOEBHANHE
hoof Fn - af VOBREOFEOHIE tests.dat IZRT,

# Test data for coil, 99-2-23, K. Yoshida
TITL 'Testb.dat, Only TF coil for FORCE
TCOIL 1 W 0.7722 0.5602 M 9.6 D 3 3 NT 150
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ARC C 4.6376 0.00 R 5.84993 A -77.40 77.40D 9
ARC € 5.2085 2.560 R 3.22703 A 77.40 116.50 D 4
ARG C 4.6150 3.748 R 1.89903 A 116.50 180.00 D 4
BAR $2.716 3.748 E 2.716 -3.748 D 5

ARC C 4.6150 -3.748 R 1.89903 A 180.00 243.50 D
ARC C 5.2085 -2.560 R 3.22703 A 243.50 282.60 D
END

TFCO 17 NO 1 1D 20.0

shape a

list t 1

mesh T 1

list n

shape t 1 node

force t 1 mesh dist

exit

B OEERBREIIITICRT tests.Ist I 1 &3 B,

# Number of plane: 24
# Total length of center: 31.914897357248460

1 15. 8052 2 2.20220 3 2.10466 4 7.49600 5 2.10466
6 2.20220

Plane  Leng(m) deltlL (m) [FI (N/m) Fx (N/m) Fy (N/m)
1 .000000 1.35486 .282282E+08 . 615782E+07 1. 94060 -. 275483E+08
2 1.97565 1.97565 L222241E+08 . 117605E+08  1.48916 -. 188574E+08
AT &

COIL MESH Node Data:test5.dat, only tf coil for force

‘gd014001' .............
'9d014002' ¢

Z (m)

X (m) 10

1277 -6

(C)1999 JAERI-SCML COIL 1.0

Fig. B.6-1 Node point in TF coil: shape t 1 node
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COIL:FORCE:test5.dat, only tf coil for force:
14 : . : .

(Bl (T)

0 50 100 150 200 250

(C)1998 JAERI-SCML COIL 1.0 NODE
Fig. B.6-2 Magnetic field at each node: force t 1 mesh dist

COIL:FORCE:test5.dat, only tf coil for force:
2e+007 . . . .

FX .................. -
1.5e+007

1e+007
5e+006

ol b, L _
-1.5e+007 - ’ “

-3e+007 : : :
0 50 100 150 200 250

-5e+006

Fx (N)

~1e+007
I

-2e-+007

-2.5e+007

(C)1999 JAERI-SCML COIL 1.0 NODE
Fig. B.6-3 Force at each node
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COIL:FORCE:test5.dat, only tf coil for force:

6e+007 T -

5.5e+007 | B
5e+007 |

4.5e+007 /
4e+007 | / \

3.5e+007 / \

3e+007 B /

F (N/m)
e

2.5e+007 \

2e+007 \

1.5e+007 . ' : . : .
0 5 10 15 20 25 30 35

{C)1999 JAERI-SCML COIL 1.0 Length (m)

Fig. B.6-4 Magnetic load along coil perimeter

B.7 MITVEBOHRHE
ITER D =1 A L3 A5 KEHEH,

t Test data for coil, 99-2-23, K. Yoshida

TITL "Tesi6. dat, Tokamak System with Tcoi! & Pcoil’
TITL 'Test6.dat, Tcoii, Pcoii and PFCAL mode

teoil 1w 0.7722 0.5602 m 9.6 d 3 3 nt 150

arc ¢ 4.6376 0.00 r 5.8499 a -77.40 77.40d 7

arc ¢ 5.2085 2.560 r 3.2270 a 77.40 116.50 d 4

arc ¢ 4.6150 3.748 r 1.8990 a 116.50 180.00 d 4

bar s 2.716 3.748 ¢ 2.716 -3.748 d 6

! HBR

pcoi! 12 w 1.461 1.056 r 4.244 z -7.120m 12.020 d 4 4
pcoil 13 w 3.82 6.340 r 6.250 z 0.522 m 13.30 d 4 4
shape a

set nocrt

set nolist

pfcal s 1 bmax

pfcal s 8 forc

pfcal ind bmax forc

nt 380 # pf6

13
13 nt 1 # Plasma

IM 19.700 20.570 20.570 20.570 20.570 19.700 9.883 0.412 -0.480 0.350 0.658 8.427

0.0

SOB 1.265 -7.935 -20.140 -20.140 -7.697 1.934 4.890 -3.345 -3.987 -6.317
13.640 13.3

EOB 2.775 -21.800 -21.800 -21.800 -21.800 2.531 2.180 -3.479 -4.127 -6.318
12.020 13.3

end

exit
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test6.dat, tcoil, pcoil and pfcal mode

0
X (m) 10

(C)1999 JAERI-SCML COIL 1.0

Fig. B.7-1 Magnet system for ITER: shape a

HEREIIUTOLSICHAEN S, E5IT, test6.001.csv A ETVWB DT MS-EXCEL

THERTE S,
1M 19.700 20.570 20.570 20.570 20.570 19.700 9.883 0.412 0.480 0.350 0.658
8.427 0.0
Pcoil No. 1, Max Br, Bz, IB} (T) : . 590202 12.9825 12. 9959
Pcoil No. 2, Max Br, Bz, |B] (T) : . 114411 13. 3476 13. 3481
Pcoil No. 3, Max Br, Bz, IB| (T) : .171960E-01  13.4786 13. 4786
Pcoil No. 4, Max Br, Bz, |B] (T) : - 241616E-01 13.4699 13. 4699
| &HE
Pcoil No. 10, Total Fr, Fz, [F| (N) : -870627. 548028. . 102875E+07

Pcoil No. 11, Total Fr, Fz, |F| (N) : - 190604E+07 .349247E+07 . 397874E+07
Pcoil No. 12, Total Fr, Fz, |F| (W) : .193590E+09 .100887E+09 .218301E+09
Pcoil No. 13, Total Fr, Fz, [F| (N) : .000000 . 000000 . 000000

B.8 SMBIFPAIL DT —RDBREHHE
NIRRT 7 ANV D AN SNTFERITONT, BRAZFHET S,

# Test data for coil, 99-3-1, K. Yoshida
TITL 'Test7.dat, Only TF coil & Field & EXCEL out
TCOIL 1 W 0.7722 0.5602 M 9.6 D33

ARG C 4.6376 0.00 R 5.84993 A -77.40 77.40D 9
ARC C 5.2085 2.560-R 3.22703 A 77.40 116.50 D 4
ARC C 4.6150 3.748 R 1.89903 A 116.50 180.00 D 4
BAR § 2.716 3.748 E 2.716 -3.748 D 5

ARC C 4.6150 -3.748 R 1.89903 A 180.00 243.50
ARG G 5.2085 -2.560 R 3.22703 A 243.50 282.60
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END

TFCO 17 NO 1 1D 20.0
field test7xyz

save excel

exit

NER T 7 A I testTxyz B LA TIZARTS,

- D00~ OO WM — O
OO0~ DA WM - O
O WO DT WM — O

(=]
—

10

LUF 28 MS-EXCEL EXOH 1 TH B,
“ COIL FIELD:test7.dat, only tf coil & field & excel out”
X m, Y m, Z (m, Bx (T), By(M), Bz (), |B] (M

.000000 , .000000C , .000000 , -.923168E-08, -.523555E-07, .000000 , .531631E-07,
1.00000 , 1.00000 , 1.00000 , - 115211E-03, .203654E-03, .205893E-08, .233984E-03
2.00000 , 2.00000 , 2.00000 , 6.61329 , -5.17845 , -.571422E-06, 8.39953

| HRE
9.00000 , 9.00000 , 9.00000 , -.148470E-04, -.112581E-04, ~. 434657E-04, .472911E-04,
10.0000 , 10.0000 , 10.0000 , -.473024E-05, .173980E-05, -.507850E-05, .715495E-05,

B.9 4\ 705 S L (ANSYS) o DB HEHE

AT 75 5 LTELKHAT2RMISSIET 2 75 A ANSYS D7 —F DOV Y %
UTOFITLHT, £9, ANSYS TaA VOER LEREZIER L TASCIER T AR — T
Bo TDT 7 ANE AL WIIHRPIAALT, EMAOZFHET D, 2720, 2/ VDELEIT COIL f#l
TTHMERH D,

# Test data for COiL

# 1999-5-11 K. Yoshida

# 2002/9/26 Update forVersion 6.0

TITL 'Test9. dat: force calculation from external file for ANSYS
set eng

pcoil 1 r 1.05e+03 z 0.0 w 1.00e+02 1.00e+02 m 1.0
pcoil 2 r 1.05e+03 z -200.0 w 1.00e+02 1.00e+02 m 1.0
shape a

file force test9ansys

# set debug

force ané

exit

# end
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test9.dat: force calculation from external file for ansys

'9d042001" ——

Z(m)

0.5

-0.5 Y (m)
0 .
X (m)

(C)1999 JAERI-SCML COIL 1.0

Fig. B.8-1 Shape of test data: shpe a
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x| J(=10"erg) kgfom kW+h cal GH&#) Btu ft « Ibf eV 1cal = 4.18605 J (G+&#)
K3 -
W 1 0.101972 2.77778'% 107° 0.238889 9.47813 x 107* 0.737562 6.24150 x 10*® =4.184J (EfLH)
¥ .
! 9.80665 1 2.72407 x 10°° 2.34270 9.29487 x 1073 7.23301 6.12082x 10" =4.1855J (15°C)
% 3.6x10° | 3.67008 x 10° 1 " | 859999 x 10° 3412.13 2.65522 % 10 | 2.24694 x 10% =4.1868 J (EREEXR)
5% 4.18605 0.426858 | 1.16279x 10™* 1 3.96759 x 107° 3.08747 261272x 10"  HE® 1 pS (AEFD)
T’ 1055.06 107.586 2.93072 x 10~ 252.042 1 778.172 6.58515 x 102! =175 kgf-m/s
1.35582 0.138255 | 3.76616 x 1077 0.323890 1.28506 x 10~2 1 8.46233 x 10'® =735.409 W
1.60218 x 107" | 1.63377 x 107%°| 4.45050 x 1072%| 3.82743 x 10"%° | 1.51857x 107**{ 1.18171 x 107*° 1
® Bq Ci % Gy rad ;l;‘ Cl/kg R g Sv rem
A 1 2.70270 x 107! 5 1 100 &) 1 3876 T 1 100
& & & #
3.7 x 10% 1 0.01 1 2.58 x 1074 1 : 0.01 1

(864F 12 A 26 BBFE)
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