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The FIREX-I project has been started under
collaboration with National Institute for Fusion Science. @
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Fabrication of transparent foam shell for FIREX-I, low

density foam shell for FIREX- |l and LiPb cone for

reactor are critical issues.
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FIREX-I
(Heating to 5keV)

— Fabrication of Transparent
foam shell to allow
characterization

— Machining of fragile foam
shell

FIREX-II
(Ignition and burn)

— Low density foam

Reactor

(Gain >170)
— Mass production of LiPb cone
— Fud loading



We are going to demonstrate RF foam method with
NIFS. Specification of Cryogenic Target and @
Apparatus are;

For FIREX-I

Cryogenic Target
 Form target
Diameter 500um
Fuel layer  20pm
With glass tube

Do or DT fuel

Apparatus

o 4K-GM Cry cooler

e  Minimum temperature <10K
* With four view ports

Prevent target vibration <several
m




Apparatus to demonstrate foam method is almost
fabricated. Cooling test will start soon at NIFS. @

4K GM Cry cooler saka
1% Stage: 45 W @50K
2nd Stage: 1.5W @4.2K

Welded Bellows

Target Chamber



Target Fabrication @

ILE, Osaka

e For central ignition
— Fabrication of polyimide shell by emulsion process

e For fast ignition

— Foam shdll
e PMMA, TMPT foam
e RF foam

— Parabroide Cone
» Diamond lathe
« Laser lathe (Y. Kawamura, Fukuoka Institute of technology)



If the foam is PMMA, we can make required foam shell
with gas barrier and reentrant cone. @

ILE, Osaka
* Fuel shell ajos
— Emulsion method followed o
by interfacia 3
. (for 1st orifice) g
polycondensation method . B

— Hole boring on frozen foam
Shel I 3rd orifice

e Cone

(for 3rd orifice) e Gas barrier coating by
_ E| eCtrO p|aI| ng on interfacial polycondensatior
removable mandrel
machined with diamond
lathe




HOoleTor cone could be pored INto TroZzen Toam witn
normal drill. Large scattering, however, disables
optical characterization of cryogenic layer.

ILE, Osaka

é Freeze dry of

i i@ foam shell

X-ray image SEM image of hole side



We are now applying previous method ¥

for shell process

‘@

Optical image of a 220 um
diameter foam ball in the air.
TMPT 3%, AIBN 3%,
Thermally initiated
polymerization.

1) M. Takagi, T. Norimatsu, Y. Izawa and S. Nakai
Mat. Res. Soc. Symp. Proc. 372 199-202 (1995)
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We have started fabrication of Resorcinol -
Formaldehyde (RF) foam D that is transparent due to its
fine structure. @

ILE, Osaka

RF foam shells with the density ranging 150-
250 mg/cc are successfully fabricated but
further effort is necessary to improve the
uniformity.

*In the case of RF foam, freezing method

can not be used to hold the shell during
drilling because phase separation takes place,
which increases the scattering of light.

d

Excimer laser etching

1) Stephen M. Lambert , George E. Overturf Journal of Applied Polymer Science, Vol.65,2111-2122(1997)



To make ahole on fragile RF foam shell with gas
barrier Y, we used excimer laser etching followed by

punching. @

ILE, Osaka
ArF
laser Vacuum
chuck
Clishian Punch out
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1) Shellswere presented by GA.



Penetration of liquid D, into RF foam was
experimentally confirmed, like down at NRL.

e Speed of liquid D, front was ~
500 um/sec, which is sufficient
to fill future IFE target.

_— Polyimide

We are now testing transmittance at solid phase.
Because of lar ge optical absor ption of RF foam,
we could expect smoothing effect like IR heating.




Fabrication of parabolic cone as afocusing

device. @

ILE, Osaka

* Inafuture power plant, some focusing mechanism is necessary to heat the compressed
core up to the ignition temperature because of diffraction limit of the final optics.

e This paraboloid mirror design enables 80% of laser energy in 300 um spot focused on
the 40 um diameter spot with one bounce.
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To test the focusing effect, paraboloid cone was

fabricated with diamond lathe.
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After edge detection,
inner surfacefinishis
calculated to be 2um
in RMS.

Y = MO+ M1*x + ... M8*x®+ M9*x®

e
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Laser lathe system developed by Y. Kavamurashows o
new feasibility of target fabrication. UL
ILE, Osaka
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Example of laser lathe

ILE, Osaka

e Mircoturbin (700 umin
diameter) rotates at
300,000 rpm with gas
flow.
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We started preliminary experiments
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Weused LEDs and a digital camera for diagnostics

Laser Camera
48 LEDs
Projectile
Photo Diode— |
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M easur ed target speeds were slightly lower than
the expected speed: 120 142 m/s

#030114-03, d=9.60 mm, #030114-01, d = 9.80 mm, #030109-02, d = 9.95 mm,
pchamh&r =90 anr’ p{:hﬂmhﬂ'r =90 Tﬂl'l', p:hamhﬂr =90 Tﬂll‘l‘,

U=109 m/s U=113mls U=85mls

Targets were flying
with rotation.

Ll

#030116-01, d = 9.60 mm, #030116-02, d = 9.80 mm, [ Rifling will be }

pﬂh-ﬂl‘l"lh&l’ =T TI:II'I", pchamher -5 Tﬂl"l*,

U=116 mls U= 112 mis tested soon.
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Experimental setup of coil gun @

C I ILE, Osaka
ob o Le?gth - 104 mm
x 6
|3%“22|.'|nm_ gg‘%& or Number of phases 3
Coil gun @ Trigger in Number of barrel coils 6
2EVE s B NEERRENY: G ORI O e e ens frsnnnnnes
= (SLOPPGE. Nd:YAG laser Barrel
(Minilite - ) Length 14 mm
5x 15¢ L ﬂ Outer diameter (OD) 88 mm
Al) = Inner diameter (ID) 20 mm
- Number of turns 12
T~ - Kt Self inductance 30 uH
CCD Capacitance 1980 pF
camera E Shunt £ i ; 51 L5 Charge voltage <300V
- - High voltage
y | Bo%ver sup% ly  Sleeve
>lay puisar 250 vV Length 75 mm
I Outer diameter 15 mm
. Thickness 1 mm
Trigger | Mass 8.86 g
Oscilloscope Material Aluminum




M aximum accel eration was 580G, which is sufficient to
accelerate atarget to 300m/sin 20m.

ILE, Osaka
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Correlational detection by matched filt

<

1460 5032 502 502 ILE, Osaka
Fourier conv. lens f=5000 Inv. Fourier conv. Lens =500

M L }

\ CCD camera

Matched filter

He-Ne laser

L isemn

cone-target




Accuracy of detection was 140 um at 5 m apart. @

Detected position ILE, Osaka
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The accuracy will be improved with
uniform irradiation,
f-number,

linearity of film to make filter.
e o~ A,



Summery @

* Elemental researches to make cryogenic Fl
targets have been conducted at ILE and
NIFS.

We need more progress in foam, hole
boring, and characterization of the solid fuel

layer.
 The accderation of 580 G was achieved

with the coil gun in Gifu University, which
Is scalable for future injector for areactor.



