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Abstract 

A compact electrostatic generator designed with 
the principle of vacuum insulation has been developed. 
It consists of a rotating insulation disk with charge- 
carrying conductors placed around the circumference 
n n ti a non-contact induction system with R” electron 
gun. The usable voltage of 130 kV with the generating 
current of about 300 pA has been obtained at the oper- 
ational pressure of 1x10-’ torr. 

Introduction 

The recent progress of research and industrial 
applications of ion beams require very stable beams 
with the high energy of around 1 MeV and the current 
of a few mA. 

A candidate of high voltage sources to produce 
mono-energetic beams is electrostatic generator, which 
has superior features such as small voltage ripple and 
small stored energy in the state of ultra high 
voltage. 

A series of papers (1,2] reported some capabilities 
of the gas insulating electrostatic generators as high 
current power sources. But they have problems such as 
the corona discharge on the contact points and the 
limited life rime of contacters. It is well known 
that vacuum has very gQod insulation property like 
insalation gases. Typically vacuum holds the breakdown 
field strength of around 1 MV/cm on a small gap of 
less then 1 mm in the broad pressure range of 5x10-3- 

including IO-‘torr. Ir? practical system of long gap 

insulator supports the breakdown strength is limited 
to about 30 kV/cm due to the flashover phenomena on 
the insulator surface. 

The concept of vacuum insulation instead of gas 
insulation for the electrostatic generator design has 
some advantages, such as the capability to hold the 
high voltage in narrow inductor gap, elimination cf 
the electrical cant acr problem by utilizing the 
non-contact induction method, posstbility of fice 
regulation of high voltage, and reduction cf 
frictional wind loss and the mechanical vibration. In 
addition, elimination of gas handling system may 
enhance the compactness and the flexibilities for the 
accelerator system. The characteristics and the 
operational performance of this vacuum electrostatic 
generator have been described in this paper. 

Experimental Apparatus 

The schematic drawins of the vacuum electrostatic 
generator is shown in Fig. 1. It is composed of the 
rotating disk, non-contacting induction system at the 

upper part and contacting induction system at the 
lower part. These components are in a cylindrical 
vnctlllm chamhrr, mode of lucite. which is evacuated to 
1x10-‘torr by an oil diffusion pumping system. 

The rotating insulation disk of 24 cm in diameter 
has 24 charge-carrying conductor elements of 22 mm in 
diameter, placed around the circumference of 20 cm. 
The electric contact with each charge carrying 
conductor is connected through contact points on t i:e 
side of the rotating disk as shown in Fig. 2. The 
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Fig. 1 Cross-sectional view of the vacuum electrostatic generator. 
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Fig. 2 The rotating insulation disk with two 
inductors and one contact pulley. 

disk is rotated at 1800 rpm by an induction motor 
coupled with a “.SC”lllTl sealed shaft. Under the 
consideration of the mechanical vibration due to high 
peripheral velocity, a1 1 elements on the disk are 
pre.z;scly fabricated and assembled, and the dynamic 
balance of the disk is assured. 

Two different induction systems are designed in 
order to compare their performances for the charge 
induct ion in VdC”UIll. The non-contacting induction 
sys ten1 consists of an electron gun and inductor 
electr3des. For the purpose of preventing stray 
electrons emitted from the filament and reducing the 
heat toad on the rotating disk, the electron gcn 
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assembly is dcsigxrd with the extractiw rlcctrc~~c s:~ti 
the focusing electrode of the slot type in ii housing. 

The contacting induction system (-onsists -:i J i‘on- 
ventional pulley-inductor system. The contact point of 
the pulley is made af the electrically conductive rub- 
ber to eliminate the vibration problem. The gap dls- 
tance between the cylindrical surface of the conduc- 
tors and the inner surface of the inductors is 1 mm. 

For the electrostatic design of the vacuum instila- 
tion, the field strength of the triple junction i31 
which is formed at the metal/ vacuum/ insularor inter- 
face on the rotating disk is reduced by cutting the 
conductor edges with the angle of 45 degree. III order 
to divide the generated potential, nine equally spaced 
grading bars and plates are placed between t 1.1: high 
voltage terminal and the ground. Each gap bt?twcen the 
plates is connected with one 2.4 GR resistor. 

Near the entrance and exit parts cf the intiw:t 2r, 
the clearance is enlarged gradually to prevent the 
corona discharge due to a high electric field LJ” tllc> 
edge of the inductors. Electric power for ttte 
electron gun and the indu:tor f lon:cd jn potc’ntial 

Inductor Voltage Ml 

Fij;. 3 Overall view of the vacuum electrostatic 
generat or and the motor-generator iet . 

Fig. i The up- .+nd down-;~harge L‘IJ! rent s as ,S 
funr.ri~>n of tll(s inductor v~lt~~~t,. 
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Fig. 6 The terminal voltage versus the down- 
charge current. 

above 300 kV is provided by an motor-generator set, as 
shown in Fig. 3. The electric circuit for the genera- 
tor operation is shown in Fig. 4. 

Results and Discussion 

Fig. 5 stlows the generated currents as a function 
08F indactrlr x,01 tnge when the high voltage terrrinal is 
grounded. The t.p-charge current transferred through 
the contact pu: ley is slightly higher 1 ban t il e 
d,Jwn-charge current loaded from the electron :un d:le 
to the sp;ic’rs c‘hrlrg<~ efftacts on the insulator. 

Thfx II,,- a:ld dc~n-uii;irge cl~rrent s r:! the i nduc t ,.~r 
are 15.: r>A and 14.5 PA per kV, respectively. The 
corresponding amounts 0 f charge carried by O”f? 
condllctor clement on the rotating disk is 2.Zx10S8C/~V 
and 2.0x10-HC,‘kV. It is in good agreement with the 
es t i ma t e:l r’dpa:- f t nnc’cs vi ?l .2 pF bvtizrrn .i c<,ndui.t;>r 
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and an inductor electrode which is calculated by using 
the mapping method. 

After conditioning the induct or gaps at the 
voltqe of 25 kV, the dark current in the gap is 
lowered below 0.1 LA. In spite of the above insula- 
ti.on strength, the actual applied vol t age on the 
inductors are limited below 10 kV by microdischarges 
between charge carrying conductors when the disk 
rotates. ‘The discharge phenomenon may be caused bv 
the flashover across the surface of the insulation 
disk. This problem could be eliminated by improving 
the electrostatic design of the triple junction on the 
disk. 

The generated voltage is measured by a generating 
voltmeter. Fig. 6 shows the terminal voltage as a 
function of generated current. The terminal voltage 
depends linearly on the inductor voltage below 100 kV, 
but is slowly saturated at the voltage of 150 kV due 
to the corona losses at the terminal, because it is 
insulated in atmosphere. Another cause for the 
limitation is spark discharges thorugh the rotating 
disk around 150 kV. 

Fig. 7 shows the generated current as a function 
of the passing frequency of the charge carrying 
conductor to confirm the proportionality between them. 
The down-charge current is in proportion to the 
frequency at each inductor voltages, and the up-charge 
current is also in proportion. 

Conclusion 

The non-contact induction system bp utilizing the 
electron gun in vacuum is stably operated without 
producing the corona discharge. The generated current 
is in good agreement with the estimated value of 2. lx 
lo-*A/kV. It can be precisely controlled by change of 
the ext t-art ion Vlll tag<, of (‘1 t’c t ran hr.im 9s well as 
charge of the induction voltage. 

The* WI tages applied i n hn t h non-contact and 
contact induction systems, each have the gap of 1 mrr, 
are limited at 10 kV and 6 kV respcctivrly due to tt1c. 
vi<,rodischsrges in the gaps. The limitaticn and the 
difference of the applied voltage come from serious 
field distortion which is produced hy negative or 
positive charges on the surface of the disk insulator. 

The maximum terminal voltage is limited bY spark 
di sch.-trges f t-07) the high vol t age terminal t 0 
surrounding grounds and sometimes through the charge 
carrying conductors. It is expected that the careful 
electrostatic design, especially the triple junction 
in vacuum, should increase the generated voltage and 
current. 
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Fig. 7 Kc 1 il t i :‘I, hrtijeen the down-charges current 
and nassing frequency of the charge> carrying 
Ci~nd~ii~lr~r-. 


