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COAPJTER CODE DETERMINATION OF TOLERABLE ACCEL CURRENT AND WLTAGE LIMITS
DURING STARTUP OF AN B0 kY MFTF SUSTAINING NEUTRAL BEAM SOURCE

D, J. Mayhall snd R, D. Eckard*
Lawrence Livermore Laboratory, Liverwors, CA 94350

Swary

We have used a Lawrerce Livermore Laboratory
{LLL) version of the WO'F 1o source extractor design
complites code to detavviine tolerable accel current
and voliage limits duing startup of a prototype 80
kY Mirror Fusion Yes! Facility (MFTF) sustaining
neutral beam source, Arc cvrrent limits wce also
estimated. The source exiractor has gaps of 0.236,
0.721, and 0.155 cm, The effective fon mass is 2,77
AU, The su.'.ured optimum accel current dentity s
0.266 A/ca®, Toe gradient grid electroda rums at
5/6 Vx (accsl voltagel. The suppressor electrode
voltage 1s 200 fr ¥y <3 kY and <3 kV for ¥y =
3 k¥, The sccel current density for optimm bewm
divergence {s obtained for 1 w ¥, =< 80 xV, as wre
the beem Jivergence and emittance. The gptimm
stesdy palse current density {0.285 A/owt, 78 A) i3
7% ahove the measured optimmvalue. For 2.5 = V<
B0 KV, the optimm current density 13 always greater
than predicted by the planar diode perveance
relation. Allowable accel current density and
voitage are determined for two types of besm
divergence degradation about the optimum: incidence
of the beam onto the suppressor slectrode and a
increase {n divergence. An allowed accel
current-voliage pacaweter space for tolerable bemm
divergence {s derived. Ranges of beam divergence are
determined. The temporal variation of the allowed
accel current-voltage parameter space is calculated
versus arc current risetime from 20-200u sec. The
variation of the allowed parameter space is also
calculated for various accel curvent-voltage dolay
times . This information 1s expected to be useful in
designing of the Sustaining Neutrz1 Beam Power
Supplies.

Introduction

An LLL (Lawrfnce Livermore Laboratory) COC 7600
version HEWMOLFAL of 5 Lowrence Serkeley
Laboratory (LBL) WOLF2>3 ion source extractor
des‘lgn computer code 1s used to determine tolerable
accel current and voltage limits during startup of 2
prototy‘e Q kY METF sustaining neutral bemm
source.%5:0 This inforsation is expected to be
useful in the design and operation of the Sustaining
Neutral Beam Power Supply System {SNBPSS).

Extractor Grid Configuration

The extractor grid electrodes are shom 1n Fig,
1, which shows optimtzed fon besa trajectories for
accel voltages Vy of 1 and 80 kV. Tha electrode
shapes are cnu!utlom'l approxisations tc the sctual
shapes, wich wre more rounded. The entrance grid is
trisguler and has a rounded top. The gradf wd
exit grids are circuler; the suppressor grid is
teardrop-shaped. The entrance-gradient grid gep s

*Work performed under tha auspicss of the U.S.
Department of Energy hy the Lawency Livermor:
Labortory under contract mmber W-7405-EWG.#3.

0.236 cm, the gradient-suppressor grid is 0.721
oo, and the wppwreslor-cxit grid gep is 8355 o,
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Fig. 1: Extractor Grid Configwration
And Optiem Ion Beass For Yg = 80 kV and 1 &V

Assymed Plags and Extractor Parameters

The potential at the plaome surface 13 teken i3
30 ¥ greater than that of the entrance grid. T 0N,
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temperatere 1s taken as 8.15 V.7 The cffective
fon mass 13 taken as 2,77 AMU, which corresponds

o8 wixture of 67X 0°, 20 0§, and 13%

. The plasma surface poteatial, fon
tampersture, and effective 1on mass are comstant for
al) computations, The gradient grid volt, is 5/6
Va. The sugpressor voltage 13 0 for ¥y < 3 kY
whd -3 KV for ¥, = 3 kY, which 15 & specified
SHEPSS operational mode. The desired alectric fiald
at the plasma surface 1s 300 V/om. The messured
optheem acgel current density for this sototype is
0.266 A/ at %0 kx, which corresponds to an accel
current I, of 71 A,

Optimization Procedure

At each investipated accel voltage, the plusma
surface is made straight and placed at a trial
positton. The code s requested to move the surface
to a shepe and positinn for a surfuce electric ficld
of 300 ¥/cm. Since pravious experfence has shown
rasults to b, fairly insensitive to the electric
fleld value,’fields betwoen ~ 100 and 600 ¥/cm
are taken as evidence of good surface optimization,
Tywical acceptable surfaies we shown in Fig 1.

Next, the plaswa surface 1s fixed., The code 1S
requested to vary the accel current density J, for
minimum res bewn divergence. If the surfeace £ fleld
stays in the acceptable range, the results of this
optimization are taken a3y valid. In this manner,
optimmm sccel current densities and bewm Mnrrnces
are obtuined for ¥, = 2,5, 10, 40 and 80 XV. At
Ya = 1 kY, the optimum computed beam s
trajectories which strike the gradient and supprassor
grids. This result is rejected as conducive to
sparkdown. Therefore, the accel current demsity {s
reduced by trial-and-error until the intermadiate
gridy are just clasred. This beas is then defined as
optimm for 1 kY. Figure 1 shows ihe trajectories
for this 1 k¥ beam. J, = 2,23 x 10-% A/
which corresponds to I = 61.1 wA for the 10 by
45,6 om gntrance grid array at 60X trensparency or
273.6 Tite area. The rms divergence 4 0 yip =
35.7 mradfans.

Optimization 1s tried at ¥V, = 500 V, but ti
beam edge striges ::i adient grid for 1 x 10-9=
Jr < 8.5 x 1073 A/ gJMASI‘:'ZI! ).

Tﬁe plasma surface 1S always convex -- instead of
concave, 2s desired. It may be necessary to change
tie desired surface E field for a focused beom at 500

(¥ ted Optimue Beam Results

Figure 2 thows optimum accel current density and
accel currant for Vg = 1, 2.5, 10, 40, snd 80 kV.
Estimated optimum arc currents I, are aiso
shown. This estimation assumes a strictly lnear
relat{un betwaen the accel & arc currents, The
provortionality 1s teken as ' .5 arc A/acce] A from
expar tmgrtal shot 8170, 1/19/79 at v, = 88 k¥, I,
* 80 A7 The crosses on Fig. 2 indicate the
expected accel currant from the plenar diode relation
wit); ¥ixed Q'.‘wtrodt gncinq and fon mass, 1.e.,
Ta2 = a1 (Vqa/¥a1)i9, normalized to the
78N acii) chrrent eptimem 4t 80 kY. The dots
indicate the expected I, for the sawe relation
noraaiized to the medsured current of 71 A at 80 kY.

ditference detween computed and planar

Alode values at 1 kY s probadly due to redafinition
of the optiewm bean for intermediate grid clesronce.
The computed 80 kY opttem J, (C.285 A/cw, 78 A)

13 7.14% above the messured value (0.266 A/em?, 71
A). Measured sccel currunt values feom shots 7054
and 7857 of 1/18/795 are also shown in Fig. 2.
Accurate measwrements have not beer made for ¥, <
12 kV. The computed optimm vws taomm divergence is
shown in Fig. 3 vs ¥V, =
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Fig. 3: Optimum RMS Divergence And Defined

Range Of Tolerable Divergences

Detaraination of Tolerable adation {n Divergence
and Ewﬁﬂg L Cumn;

The maximum tolerable degradation in rms besa
dlve;qmce 15 chosen as 30X of the aptimum valueas
mip:? The tolerable divergence 1 thun A6 mex
# 1.246 gy, which is shon fn Fiy, 3. Overdense
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and underdense accel currant densities which
correspond to these divergence itmits are detarmined
at 10, 40, and 30 kV by trial-and-evvi trajuctory
evaluation, Underdense J, limit. sre found
stallarly for 1 and 2.5 ki, The overdense itait for
2,5 k¥ 1s taken as the point of suppressor grid
claarante, which 1s below 1,346 gqp. Oecause of
the redefinition of the optimm for 1 k¥, the
overdense limit is the optimm beam. The
corresponding accel current Timits are shown in Fig.
4. Plecewise linear approximations to the eccel
current Timits for 15 ¥y = 80 kV are shown, The
Tower 1imft is extrapolaled out to 85 kY. {The
previous experimental values are also shown in Fig,
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Versus Accel Voltege

The computed pzrcent variation of the allowable
accel current zuout the optiwum 13 shown in Table 1.
This variztion s~ + 5% at 80 kY and ~ -60% at 1
kV. The computed variation at 80 kV agrees
qualitatively with the experimentally derived rule of
thuwb that the actel or arc currents can vary by
about + 108 for useful source operation,

Table 1
Veriation of Allowable Accel Current
Aboit the Optimum

¥q (kv) % Vartation in I,
80 +4.73, -5.10
40 45,07, -7.05
10 +13.9, -7.61
2.5 +10.3, -29.2
1 0, -%8.9

C%m Vrlﬁlg of Allowed Accel Voltege With Arc
{1 se | ime

In the plasmed scenerio of source startwp
operation, the arc current is to be brought wp to its
desircd steady pulze value 300 mooc before V, is
appiied across the extractor entrance n\d,,n’t
grids. Just before this agplication, 1 is
decressed or “otched” to a valve 260 A, I
will than rise back w to its steady pulse valos, as
datermined by the arc current motcker circuft and the

.

e is

psec. Rasults are shown in Fig, 6.

arc chawber conditions. As I rises, ¥, i3 to
by appiied and properly cu\tnﬁ?d to 3
acoptebly t=11 focused hewm during and aftar the
ctirrent rise. .
Fig. 4 1s teken to constitute a computed
w‘nx te allowable 1,-V, paraseter space for
tolerable source operation. It 18 used to determine
the allowed r, of Vy a8 Iy rises to its
steady pulse value ot & constant vata., Given initfal
and final arc currents are choson and the
correspoi-ding arc current rise rate dly. /dt s
calculated for a glven risstime Ty, AT succesding
times, I, is calculated from the previously asswwed
linear relation. The corresponding accel voltage
1imits are then read from Fig. 4.
Exawple results are shown in Fig. 5 for 20
'r! = 2004sec. The arc current is notched to 600 A,
he minimm msent‘lzewoclﬂed for NFTF operation.
It rises to 2535 A where I, = 78 A, The initfal
allowed etcel voltage rangs is 25.4-28.9 kV. Fig, §
indicatas that for proper source operation during
bawn startup, (1.e. correct 1,.V, matching), the
accel voltage, which s initially O at t = 0, must
|mtmtmou:iy {W into the allowed range, This 1s
claarly impossible; sowe finite time 1s required for
¥y to rise into the allowed band, after which {t
:ﬂwld rise at a slower rate with an acceptably
focused bean,
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Fig. 5: Accel Voltage Limits Vs Risetime

For 600 A Inftial Arc Current

Experimental operation suggests the dvsirability
of dalaying the V, rise with raspect to the I,
rise by up to tens of usec. An exawple of a ':
waveforn for a 104 sec dalayTy 1s shown 1n Fig. §
by the dashed 1ima. ¥V, rises unifoewly to'the
ninioum allowed value {32.5 kV) fore g = at
208 utl:olftn‘ inttiation. The 1n|t||‘ Vg risetime

#sec,

Fig. 5 13 used to calculate comstant initial v,
rise rates to the allowed voltage bands for twe a'ly
times v 4 and initfal V, risetimes Ty from
2-50 4 sec. The arc cwrrent rise t

iitial d¥y/dt are shown at
overlap 83 T g4 excesds 254 sec,
of Vy matching is shown at the top, as
ewmmdm ing constent initial accel current rise
rates.
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Vig. 61 Inftial Canstant Accel Voltage
And Current Rise Aates For 100 4 Sec
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Lonclusfons

The experimental points in Fig, 4 show that the
80 kY source operates acceptadly with on inftin)
¥y < 60 kV) V-1, parameter space much wider
thin that pred?cm by the computations, The LBL
Test Stand 1118 allowed a very rapid initial rise of
[arc 0nd Iy, an tnitial ¥, risetime of ~50

$we of ~40u-sec. The

computations should be repeated with the allowed
divergence defined by incipitnt beam tm:idence onto
the intermedite grids, A cluser match hetween
experiment and computation wmiy than result.
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