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Optimal Design of Grid Cathode Structure in Spherically Convergent Beam
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Abstract

Neutron production rate in spherically convergent beam fusion(SCBF) device as a portable neutron
source strongly depends on the ion current and the grid cathode structure. In this paper, as the
process of design and analysis, Design of Experiment(DOE) based on the results by Finite Element
Method-Flux Corrected Transport(FEM-FCT) method is employed to calculate the ion current. This
method is very useful to find optimal design conditions in a short time. Number of rings, radius of
rings, and distance between the grid cathode and center are selected as control factors. From the
results in the optimized model, the higher ion current is calculated and deeper potential well is also

observed.
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Fig. 1. Schematic view of spherically convergent
beam fusion device.
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Fig. 2. Analysis model and potential distribution
at vacuum.
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Fig. 3. Potential distribution on axis.
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Fig. 4. Ion current calculated.
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Fig. 6. Ion current in the optimized model.
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Fig. 7. Potential distribution in the optimized
model.

366

stg 2doA o 2 o]2AFRE EE F AN
9, &34 SHFAA o "L T $E0|
ZHAE. EE 30 "ns"dlA ol2HFY Zvle
4435 "mA"2 AF 1H Hla) o 26 A o|¥ F
7t & d& 7 AU wEA 7 HS
HEF FAANN T8 BEELS o)2AF
3oz HAHe T2 AANCEE A 2 F
AE dE€ F qE Aot

i fo

ox lo o of

5,8 &

7Y 9% W A4F FA9 S84 HF F2
# 2t A4 AHERA, ok oleHFY 2
Aol @A gk B AFE GFR AAAYY
3 FEM-FCT #14€ olgst] 73 4% 3
$9 AN cleHFd =7E AW ¥
e 2ds $F T ARAAE A%stg

ANAA2RE oeAFY A7E TR
a4 $89 Aols e Aol Use G
F 99tk B8 2AFFY o LARY 718 F
92 s A8 aeE 3 TR 39 4,
G =), FARANN $IAAY Azs BAR
A4 A ¥5E =Ed%el A4F A, ol eHF
g Az FPAYEd FA AR 99 S
99 27198 BAT + A HABoE 47
o §3 F2E 9 2 oleUFE 9¢ F U4
o, ol Be YA WAL 45 4 AUtk

A% HAs%E FrANY FHA 2449
a0 2 979 B34S AEG dFol

> o

x#a 28

[1] K. Yoshikawa, K. Takiyama, K. Masuda,
M. Ohnishi, and N. Inoue, "Strongly localized

potential profile measurements through
stark effects in the central core region of
an inertial electrostatic fusion device”,

Fusion Technology, Vol. 39, p. 1193, 2001.
M. Ohnishi, K. H. Sato, Y. Yamamoto, and
K. Yoshikawa, "Correlation between potential
well structure and neutron production in
inertial electrostatic confinement fusion”,
Nuclear Fusion, Vol. 37, p. 611, 1997.
[3] o] &%, “(Minitabs o|-&%) d+x 7|4 &
47, oldH =, 2001.
[41 P. T. Farnsworth,

(2]

"Electric Discharge



(5]

(6]

(7]

Device for Producing Interactions Between
Nuclei”, U.S. Patent, 1966.

R. L. Hirsch, "Inertial-electrostatic confinement
of ionized fusion gases”, Journal of applied
physics, Vol. 38, No. 11, p. 4522, 1967.
5]/‘\71 71-}3-_ “R 2 JAEHEY H= 3 AF
HHGAA", ANHAAARGE=ER], 204, 4
3, p. 374, 2007.

3E L “HIresry 9
ZAAY =2

T o

AFAGHA T
ABEE Y HHEA", FE

S whAbeHe] =, 2001.

387

[8]

(9l

[10]

A7 AR A 283 =ER], A21A A4Z, 20083 4Y

44, Hed, AAE, ZFEE, “SF6 7t~
wA BEAY fEask 4, A71ARAH e
3=8=), 139, 115, p. 265, 2000.

N. Sato, "Discharge current induced by the
motion of charged particles”, Journal of
Physics D, Applied Physics, Vol. 13, p. L3,
1980.

g7 1 HEH, o|¥E, %9, “FEM-FCT
718E o8& I2Y A Mgl W
i ﬂ:r”, W73 =EA, 488, 3%, b

200, 1999.



