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Development of a system of anticoronal shields for the ion beam injector
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A system of anticoronal shields is proposed, designed, and tested. The system is found to work
efficiently. © 1998 American Institute of Physid$$1063-78498)02111-4

Diagnostics of the parameters of a hot plasma using g@art has an opening for the high-voltage ca@l@he nomi-
heavy-ion probe beam is presently one of the more forwardnal mass of the shield is 1.4kg. The first intermediate
looking methods of study of such objects. Heavy-ion beanshield 3 of the SFS is designed to lower the electric field
injectors and electrostatic accelerators are used for this puintensity near the surface of the gradient rings, which are
pose. In order to ensure efficient functioning of the givenfound at potentials oft 190— 140 kV during use. The shield
apparatus, it is necessary to prevent the appearance of a de-at a potential of+140 kV. It consists of a toroidal, a
rona discharge from the metallic elements of the injector angylindrical, and a conical part. During assembly the shield is
accelerator tube, which have a positive voltage on them ofnounted to one of the gradient rin§sThe nominal mass of
0—200 kV during use. The sharp edges and small radii othe first intermediate shield is 5.7 kg.
curvature of these elements give rise to corona discharges The second intermediate shiefdis designed to lower
from their edges. The appearance of a corona discharge leati¥ electric field intensity near the surface of the gradient
to instability and a nonequilibrium distribution of the accel- fings, which are at potentials of 130-80 kV during use.
erating potentials, overloading of the voltage source, the aplhe shield is at a potential of 80 kV. This shield has a
pearance of intense electromagnetic interference, ionizatiofproidal and a conical part. During assembly, this shield is
and ozonation of air in and around the apparatus, and a lowhounted to one of the gradient ringsThe nominal mass of
ering of the reliability of operation of all the systems and the second intermediate shield is 4.48 kg. Each gradient ring
apparatus of the analyzer. 5 c_onsists _of a torus fabricated from aluminum thin-wglled

A condition for the appearance of a corona near the surfuPing of diameter 10mm and welded to it along the inner
face of metallic elements under a voltageelow we will surface of the alum[nurp ring of thickness 1 mm. The ring
refer to them simply as electrodeis the presence of an has elements mounting it to the electrodes of the accel'eratlng
electric field exceeding the initial electric fiefl of the co-  (UP€7 (Fig. 1). Mounted to the surface of the ring by rivets

rona. Under standard atmospheric conditiéhis of the or-  On Poth sides are fringes to which KEL resistors are sol-
der of 30kv/cm'? Preliminary estimates and also experi- dered(posmonG in Fig. 1_)' . .
ence with such designs show that a corona discharge will To esimate the efficacy OT the SF.S (.jeS|.gn Qescrlbed
take place near their surfaces. Among the most effectiv@bove' we calculated the electric field distribution in the re-

means of dealing with this phenomenon is a setup of s;hieldgions of maximum field. Prelimiqary estimates enab_led us to
ing electrodes. On the basis of known engineering select two such dangerous regions: regiomnd regions

solution€~* and experience with the development of high_(F|g. 1). Since the investigated zones possess axial symme-

voltage equipment, we chose a design of the system of fiel({-ry’ we used cylindrical coordinates. This allowed us to solve

formi ) ) . he problem of calculating the field in two-dimensional form.
orming shields(SFS whose main elements are depicted IN\\ve assumed tha depends only on the radial and the
Fig. 1. The shield of the ion injectd, made in the form of
a hood with radius of curvature 80 mm, and the flange shield
2 completely shield all the electrodes of the injector unit. The - . /
first and second intermediate shiel@isand 4, which are at F
potentials of 140 and 80kV, respectively, lower the maxi- N
mum electric field levels on the gradient ringsThe gradi- _'I
ent rings5 lower the electric field on the resistoés which S T e TN —— e — pp—s——- -jﬁ
1

are located between the rings along the length of the accel” b :
erating tube7 and serve to distribute the accelerating 117 : v == <
voltage. | i ! Al / 7
|
J4

The ion injector shieldl is found at a maximum poten- 12

tial of +200 kV during operation. Regarding its design, the 8 3 2 § 4 g
shield has three main parts: the injector hdopflange8, and 1225

flange shiel® (see Fig. 1 The hoodl has a cylindrical part
and a face part with rounded edges. The center of the facaG. 1. Diagram of the system of anticoronal shields.
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; FIG. 2. Axial cross section of the first design re-
/ : gion: 1 — shield 1; 2 — shield 2; 3 — insulator
/ N ring; 4 — gradient ring.
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azimuthalz coordinates. In view of the complicated geo- 1 / Ari_q\[Az_y Az
metrical shapes of the electrodes and the SFS, we utilized thaR “Ar. 1\ ri— 2 )( 2 Yi-1j-17F =N '}’il,j)v
i

method of finite differences.

Let us consider an axial cross section of the zone in
guestion. A nonuniform rectangular mesh was imposed orBRi’J:F(rpL
the computational region, with mesh lines parallel to the !
axis:r{=0; ry,=Arq; rg=ro+Ar,,...;r,=ri_1+Ar;_q,

Ari Azj—l AZ]
2 )\ T2 it i)

.3 INR=TINR-1T Aryr-1, and mesh lines parallel to the AZ _:LHHJF ﬂ)ﬂ% '1+(fi— &)

axis:  z;=0; z,=Az;; 2z3=2,+Az,...; Z=Z_, Az 4 )2 "™

+Az 4, ... 2Zyz=2Zyz- 1T AZyz- 1 (WhereNRis the num- T

ber of divisions along the axis, andNZ is the number of XT%le}, 1)

divisions along the axis; Ar; andAz; are the step sizes of

the mesh inr and z, respectively. The quantitiesAr; and

Az; were determined from the required accuracy of the calgz j:i
culation so as to take account of field distortions in all the =~ A%
elements of the system. Toward this end, the step size in the @)
inhomogeneity region, for example, of the gradient rig . o _

was chosen to be 8-10 times smaller than the length of thm"ejslr;5 ;r(;ient(;?(n J.(;uc(ti“ﬂti/j())f E?ej fil)l' g:gs(e_i_\ie‘jricle)'s are the
given inhomogeneity. The boundary conditions were deter- The abO\’/e ’equation' V\,/as S(;Ived by 'an aiternaing-
mined by the type of system. Noting that the voltage on thedirections iterative method using a program written in

electrodes is constant, we write down the following equatior‘:OR.l_R'A\,\l_77 to be run on an IBM PC. The calculations
for each mesh point of the computational mesh: were similar to those of Ref. 5 '

Figure 2 displays an axial cross section of the first com-
fsv' Ends=0, putational regionFig. 1,A). In the calculation we imposed
the following boundary conditions with respect to The

whereSis a surface encompassing the mesh point in such gonditions atr=0 (i=1) were: ¢;;=¢o=140 kV at
way that it divides the distances between neighboring mes&=0; ¢1j=@1=150 kV for z belonging to regionlV; ¢, ;
points in half; the subscript denotes the projection of the =¢@>=160 kV for z belonging to regionV; ¢;;=¢s3
electric field vectoiE on the surface normal. =170 kV for z belonging to regiorVl; ¢;;=¢4=180 kV
We now expresE in the latter expression in terms of for z belonging to regiorVIl; ¢;;=¢5=190 kV for z be-
the values of the potential; ;(r,z) at the mesh points of the longing to regionVIll; ¢, ;= ¢s=200 kV and forz belong-
computational mesh. Finally, we write it in difference form ing to regioniX. For z>0 and outside regiont/IX, as a

Ari Ari Ari—l Ari_l
ri+T 77i,j+ == |75 Y-

for the (i,j)-th cell consequence of the axial symmetry of the system, we used
homogeneous boundary conditions of the second Kiel-
Argij+Azi=0, mann conditions d¢/dr=0. The condition ar =r ., was

®nr,j= 140 kV. The boundary conditions with respectzo
were as follows: — ¢ 1=¢@o=140 kV at z=0 (j=1),
Avgij=@i—1;-AR j— ¢ (AR j+BR )+ ¢i11;-BRj, @i nz=140 kV atz= 2z, (] = NZ) for r belonging to rggion

I; andde/dz=0 for r belonging to regionl. The potential of
AZ‘Pi,j = (Pi,j—l'AZi,j - (Pi,j(AZi,j + BZi’j)+ Qij+1° BZi’j ) the pOint Q\IR, NZ) was onrNzZ= 140 kV.

where
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FIG. 3. Distribution of the potential in the first calculation region. / w e=2.4 YS \t
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Calculated distributions of the electric field in regién /]

of Fig. 1 are shown in Fig. 3 and summarized in Table I.
Figure 3 plots equipotentials in an axial cross section og

the system. The numerical values labeling the equipotential

lines are given in volts. Table | lists the maximum fields

reached in the zones that are the most dangerous from the

point of view of the appearance of a corona. As can be seepomewnhat different. Calculations carried out for an electrode
from Table I, the maximum field level does not exceedSystem similar to that shown in Fig. 4, but with smaller radii
16 kV/cm, which speaks of reliable protection from corona in©f curvature(the radius of curvature of regiofi was 70 mm,
that region. and regionVIlI was not curvel] showed that the maximum
Figure 4 ShOWS an ax|a| Cross Section of the second Caﬂeld IeVeIS in SUCh a SyStem I’eaCh 25 kV/Cm Fle|dS Of SUCh
culational region(regionB in Fig. 1). In the calculations we intensities under certain conditions can give rise to a corona.
imposed the following boundary conditions with respect toThe geometry of the system was modified to lower the field
r: @1;=®,=200 kV forr=0 on the symmetry axis of the Ieyels (Fig. 4). As can be seen from t_he tabl_e, the use of
system (= 1) for z belonging to region, andde/dr =0 for this SFS geometry lowered the maximum field levels to
z belonging to regiorlV. The potential at the point (N 2)
was ¢; nz=0. The boundary conditions for=Rp, (i
=NR) werepng;=0. The boundary conditions with respect  g.4p
to z were as follows:¢; 1= ¢,=200 kV for r belonging to
regionl, and¢; ;= ¢, =140 KV forr belonging to regionil.
Outside these zones we used the homogeneous boundar g 3
condition of the second kintNeumann d¢/dz=0.
The potential distribution in such a system is shown in
Fig. 5, and the maximum field values are listed in Table I. To < 0.20
start with, the design of the given electrode system was

IG. 4. Axial cross section of the second calculation regibr+- shield,
— hood,3 — cable.

0.10

TABLE I. Maximum electric field levels in zones of the system of anticoro-
nal shields.

i) ! |
g 0.10 020 0.30 40

Shieldl Zonelll ZoneVI ZoneV r,m
|Emad [KV/cm] 16 15.5 14.6 14.4

Zone Fig. 2 Fig. 4

FIG. 5. Distribution of the potential in the second calculation region.
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14.6 kV/cm, which makes it possible to avoid the appearancéedioambientales y Tecnologicé€IEMAT) (Madrid)] for
of a corona on the electrode and shield surfaces. the Period 1996-2000.
To summarize, we have developed an SFS design thaf _ _ _
liabl i | f th G. N. Aleksandrov, V. L. lvanov, and V. E. KizevetteDielectric
reliably suppre;ses Corona rom e em?nts of the SySt_em_ _un'Strength of External High-Voltage Insulatiofin Russian (Energiya,
der voltage. This makes it possible to increase the reliability Moscow, 1969, 238 pp.
and stability of operation of the accelerator, increase the dutyM. V. KOStenkO(Ed-)})High-Voltage Technologfin Russiar (Vysshaya
:.Shkola, Moscow, 1973527 pp.
faCtor of the VOItage source, and r.edu.ce the eIectromagnetlgV_ M. Tubaev, Candidate’s Dissertatidim Russiarn, Kharkov (1965.
mterference and 0zone concentration in the Work area. 4G. S. Kuchinski, V. E. Kizevetter, and Yu. S. Pintallnsulation of High-
This work was carried out within the purview of a con- Voltage Installations[in Russiaj (Energoatomizdat, Moscow, 1987
tract between the Institute of Plasma Phyglk¢har’kov) and S&GBMDPF-{ . 46. L Rezinkir, [EKirichestvo. No. 7. 62109
the Center for Research on Energy, the Environment, and™- M- Rezinkina and O. L. Rezinkin, [Bktrichestvo, No. 7, 621995.
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