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JT-600 : Long puise operation of plasma curremupto 6o S

HBI system : puise extensionfrom10sto 30 s
P-HBI : Tangential units [2MW < 30s,4units]
: Perpendicular units [2MW >< 10s,7units)
H-NBI:Lower ionsource [2MW < 30s,1unit)
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S NModification for long pulse operation

JT-60U N-NBI system has been modlified to achieve
long puise operation up to 30 s.

>\ Main modifications
% . |on source
. Beam line
. Power supply

- Gontrol
system
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- Reduction of heat load on the grids
Beam Steering

Stripping loss >4t |JAEA TM

- Stable operation of Arc discharge
Gontrol of Arc discharge

SERE

Damage of filament

- High power operation . ITER RaD
Temperature of Plasmagrid | meeting
High veltage holding

Uniformity of source plasma



2. Progress of puise duration
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=5 lon sources for long pulse operation
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“wae PrOYress of long pulse operation

- N-NBI :Lower lon source [~IMW X 23 5, 1.6 MW X 17 S)
- P-NBI :Tangential units (4 units X 30s)
Perp. Units (7units X 10S, 30 s In series)
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o steering of heam deflection
Extractor ficcelerator
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#%.. Grid structure of JT-60U N-NBI

- Extraction area: 490 X 1100 mm,
- Five segments composed of PLG, EXG, A1G, A2G and GRG,
- Multi-apertures grids [24 X 9] with aperture displacemen
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#a:  Measurement of heamlet deflection(1)
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W& Measurement of Beam deflection(2)

Infrared camera

apace resolution;~ 3 mm at target plate
time resolution; ~ 8.3 msf flame

Target plate

Wiaterial ; Mo
5ize; 490 (W) k1160 (H X 12 (T)
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Effect of Electron suppression magnet
[Dipole magnetic field)
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Effect of spread of heamlet-handle
[(heamlet-heamlet interaction)



el
s Sy = =
T e !
R _
= JT-60U NBI

- Field-shaping plate is attached on EXG of 3" segment to modify the
local electric field.

- Other segments are masked so as to estimate accurately the
current density.

15t masHiny

2nd maskiny

plectric potential

4th  maskiny
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Effect of field-shaping plate

- Expansion of heamlet-bandie is ohserved.
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Heat load of GRG

- Fleld-shaping p

== JT-60U NBI

lates are attached around all segments of EXG

| condi

- Heat load of GRG IS reduced at the Same operat
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s Effect of current density

- Non-uniformity of Temperature of footprints hetween segments,
- Wider footprint at higher temperature segment,
- Width of footprint increases with current density.

.. Wildth of footprint
e | A V., V=6 Ki/~350KY
———————————— —— ¢ =iy 350 [ Reometteal ]
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£ 400
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Analysis of heamlet trajectory
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B Simulation model

- 3Ingle heamlettrajectory s calculated by 30 code, which can take
the

dinole magnetic field, field-shaping plate, and aperture displacement

illll] account

3 BITEBCLS are not treaten at presen
-_Held-shapiny plate

Electric field
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3. Effect of dipole maunetlc field

- Beam deflection inside grids are suppresse
within ~0.5 mm by the aperture displacement
at outlet of EXG. (aperture diameter: 14 mmi.

- Measured result is well sSimulated.

EXG AlG  A2G  GRG 3'5. - ™ Aperture displacement :
0.6 - With EKG aperture displacement | | : k\ 0.5 mm
0.4 ‘ab . ";I:-_-E;lfg_kﬂf{'-fﬁ ----- — ';-gﬂ:: r':: ) f Dinole maynet
0.2;: T _EHH'I.I'-__ - /2 “EHI:NEI]E 0. ﬁ 0.18
"l a2k — ] A5x10% rad } 15
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X: Distance from PLG Imm!] ¥, (K]

d (mm)

y: Horizontal distance [Imml
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%= . Effect of field shaping plate

- Displaced distance of the heamiet is almost in proportion to the
thickness of field-shaping plate.

- Operational results with a 2 mm-thickness plate agree with the
simulated one with a 1~1.5 mm thickness plate.
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4.Stripping loss
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. Reduction of Striping Loss

== JT-60U NBI
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- Acceleration grids of top and hottom segments are ventilated to

Increase the vacuum conductance in acceleration column.
- Fleld-shaping plates are attached to compress the heamiet

' )
Acceleration grid Al . N
(£16,426,6RG) , Q : 5 - :_ o
o | [} E—— Pressure at EXG
S i hefore: ~0.16 Pa
' after :~0.1 Pa

Vent
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fccelerator Extractor
(A16,A2G.GRG) [PLG, EXG )



E Reduction of Heat load of GRG

- Heat load of GRG Increases with the pressure at ion source [P, ).
- After modification, heat load Is reduced from ~10 % to ~7%at P,.~0.3P
- Temperature of cooling water for GRG saturates with 20 S operation.

4 :Before modification TEIII!]ETHIIIIE rise of
i @ Jiter modification cooling water for GRG

= ' | vaco=350KY, Vex1=6.4KV, an 8 )
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9. Gontrol of Arc discharge



. phange in arc power during long pulse operation

- Arc power was pre-programmatically controlied in the original.

- It1s hard to ohtain a stable arc discharge for long puise

operation
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=2 . Feedhack control of arc nower
.l'l:' U NEI

- Feedback control technique has been employed and succeeded
to Keep the arc power constant hy controlling the filament voltage.

K control of arc bower Ipicalshol g rime.1as
2.1 —
f [ Pre- uruur:} Feedhack control ﬂ\\ ”—i Upnerlimit - ghe—--— - - — - -
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Fasi feclliack control #e; arc voliage nas
heen esietf for next camypargin
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- Puise duration has heen extendedupto23 s at~1 MW and 17 s
at 1.6 MW with one ion Source.

- A spread of heamlet-bundie, which depends on the current
density, Is ohserved In the multi-aperture grid.

- Field-shaping plate is useful to suppress the spread of
heamiet-hundie, which may affect the heat load of grids.

- [tIs confirmed that the modification with a high vacuum
conductance IS effective in reducing the stripping loss.

- Feedhack control with filament voltage has heen employed to
achieve a constant arc power for long pulse operation.

- Further modification of grid structure, taking hetter account of
space charge interaction, may he expected to further Iimprove
the performance of multi-aperture grid.



