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* Charge transport in a Van de Graaff generator
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Experiments were performed with a Van de Graaff generator undor
atmospheric conditions on different comb configurations and their
goometries in order to obtain informations on their relative perfor-
mances and to identify the factors responsible for efficient transport
of chargoes to the high voltage terminal. A maximum short circuit

current of ~ 120 u4 with a charge ocarrying efficiency of 759, was
achieved.

1. INTRODUOTION

While constructing a Van de Graaff accelerator in the 1 MeV range (Chatterjeo
et al 1973) for nuclear reaction work, we found that various arrangements of corona
combs for spraying and collection of charges have been reported in the literature
(Van Atta ef al 1936, Smee 1944, Van de Graaff et al 1946, Craggs & Meek 1964,
Herb 1959, Livingston & Blewott 1962). But apart from some statements and
prescriptions regarding the arrangements and positions of these corona combs,
very little published quantitative information is available as to the comparative
performances for changes in the arrangements of the combs and the variation in
their geomotries around the prescribed ones. We therefore undertook intensive
studies under atmospheric conditions on relative performances of different comb
configurations and their geometries for optimization of the charge transport to
the high voltage terminal. Some of the results have been briefly reported else-
where (Ganguly & Saha 1973).

2. EXPERIMENTAL SETUP AND RESULTS

The investigations were carried out in a test setup reported earlier (Chatterjee
et al 1973) which is shown schematically in figuro 1. A 18 om wide X 3 mm thick
endless nylon woven belt mounted on two 8 cm dia. solid mild steel rollers, one each
at ground and high voltage ends, was driven by a 3 phase 2 H.P. motor at a linear
speed of 1300 metres/min. Corona combs were made of 3" long gramophone
needles fixed on a 1" dia. brass rod, the distance between two adjacent noedles
was 1/4”. The experiments were carried out under atmospheric conditions at
a mean room temperature ~28°C with a mean relative humidity ~ 609%,. The
tomperature and relative humidity remained practically around the above men-
tioned values for all the sets of experiments performed.
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2.1, Arrangement of combs : For charging and discharging the belt with the
help of corona combs, one normally uses one (Smee 1944, Van de Graaff et al 1946),
or two (Livingston & Blewett 1962) combs at the ground end for positive charge
spraying and negative chargo collection; and one (Herb 1959), two (Smoe 1944),
or three (Herb 1959) combs at the high voltage end for positive charge collection
and negative charge spraying and their control. We studied various possible
arrangements of combs in our setup upto two combs at the ground end and three
combs at the high voltage end to find out tho relative performances in each case.
These comb configurations are represented by the various positions of the four
schomatic switchos of figure 1 and are listed in table 1.

Fig. 1.

n ol

o

t1

Experimental arrangement

Cy. Cp : ground end corona combs; V¢ : ground end spray voltage; I¢ : ground end
spray curreni : 1, : current due to charges going up with the belt; I_ : current due to
charges coming down with the belt and collected by the comb Cgs Is : short circuit
current; C,¥, Cy¥, C4¥: corona combs inside the dome; Ry, R, R; : Resistances insido
tho dome; de,, dg, : distneos of tho combs C,, (, respectively from the ground end

base plate; der,, den, : distances of the combs (), C, respectively from the ground

ond roller centreline; dp : distance of the ground end roller centreline from the ground
end base plate; dV¢, : distance the comb ;¥ from the dome base plate; dg¥ : distance
of the dome end roller centreline from the dome base plate ; g1, g3, g1V, go¥ : static
gops between the belt and needle tips of the combs Ci, Cay CyY, C,V respectively;
ga¥: gap botweon the dome surface and the needle tips of the comb Cg¥; SWI,
SW2, SW3, SW4 : sohematic switches. 'The different comb configurations can be
arrived at by altering the positions of these switches, '
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Table 1. Comb configurations

Config. Configuration Config. Configuration Config.  Configuration
No. No. No.

L1 (1) (2) (4) (1) Llza ()M M Ex IL9  (2)(1)(3)(1)
L2 1) (2)(4)(2) Lz M@y M

13 (1) (3) (4) (1) Lia  (1)(1)()@Ex IIL1  (1)(2)(2) 1)
L4 M @) @) (4 L4 (1)) (3) () ILla (1)(2)(2) (1) Ex
1.5 (1) (4) (4) (1) L4a ()M @G)(HEx IIT2  (1)(4)(2) (1)
1.6 (1) (3) (4) (2) IIL2a (1) (4)(2) (1) Ex
L7 D (2) (4 (1) 1.1 (2)(2) () (2)

I8 (D (1) (@) (1) I1.2 (2)(2) () (1) 1v.1 (2)(2)(2) (1)
L8 (D)) (M Ex IL3  (2)(1)(2)(©2) Ve (2@E)

LY (1) (1) (2) (2) IL3a  (2)(1)(2)(2) Bx 1V.2a (2)(4)(2) (1) Ex

1.9a (1) (1) (2)(2) Bx 114 (2) (1) (2) (1) 1v.3 (2) (4)(2) (4)
1.10 (1) (1) (3) (2) IL.4a @2)ME)y1)Ex 1Iv4 (2) (4) (2)(2)

L10a  (1)(1)(3)(2) Ex 1L5  (2)(1)(3)(2) V.S (2)(4)(3) (D)
L1 (1) (1) (2) (4) e @M@ ¢),

Lila  ()(1)2)(HEx ILT  (2)(1)(1)(Q) \a (2)(4)(2) 3)
iz @M@ s @MMm®

Note :  Config. [V.2a = (2)(4)(2)(1)Ex means switches SW1, SW2, SW3 and SW4 are
rospectivoly in positions 2, 4, 2 & 1; and (in cases where Ia is present) there are some adjus-
table extra noodles 1n the comb C,Y directed to the roller.

The short circuit current Is which is the net current carried by the belt from
the ground ond to the dome with the dome grounded, was found to increase with
the ground ond spray current I¢ and ultimately attained a saturation value in
each of tho comb configurations of types I-V studied. This saturation value of
Is indicates the maximum charge transfor for the particular comb configuration.
Typical Is vs I¢ graphs for soveral configurations selected to cover the entire
range of saturation short circuit currents observed are shown in figure 2. A histo-
gram ropresenting the saturation short circuit current for different comb confi-
gurations under a constant geometry determined by preliminary experiments
is given in figure 3.
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Fig. 2. Typieal varmtion of the short eireuil ewrrent 1g with the ground ond spray current
¢ showing the saturation attamed in Lg. Configuration numbers aro indicated
agamst all the curves in the figure. In fact, saturation is attained in each of the
ecomb configurations histed in table 1.
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Fig. 3. Soturation short circuit currents for difforoni comb configurations of table )
for d(v”1 =Y =¥ dcnz = 27 gy = }"; ch.l o l.ﬁ”; 9,V = *"; dgV = 22”;

gr¥ = §"; ¢v; = 1”. A maximum saturation short circuit current ~120u4 could be
obtained.

From the comparative study of 21 cases of type 1 configuration (having one
comb at the ground end and one comb inside the high voltage terminal) high-
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lighting the basic features of charging and discharging mechanism of the belt
the following conclusions become apparent :

(i) The high voltage end roller when connected to dume always yields
lower currents. This is due to the fact that since tho roller is at dome potential,
the negative chargoe spraying is absont in this case, ’

(i) The yield is very small when the comb CV; or (¥, is connocted 1o the
roller. Charge transport to dome can only take place through leakages if any.

(ii) Additional ncedles on roller from the comb CV,reduces the yield by
draining away charges from the roller and thus limiting its voltage.

Addition of the comb C, at the ground end (type 1I configuration) did not
alter the saturation short circuit current oblained in the corresponding type T
configuration. However it has the useful effect of reducing the loading on the
spray power supply by collocting the nogative charges coming down which other-
wise would have been neutralised by the spraying comb C;. Thus in type 1]
configuration, there i a reduction in ¢ by an amount oqual to 7_ compared to
tho corresponding type 1 configuration.

Introduction of the second comb inside the high voltage terminal (type TII
configuration) increased the maximum saturation short circuit current from 1144
for type 1 configuration to about 125 p4. This was achieved when the comb CV,
wan connocted to the insulated roller. The second comb C, at the ground end
in type IV arrangoment as in type 11 case, roduces the loading on the spray power
supply without affecting the maximum short circuit current.

Dome to roller potential difference i not only responsible for the collection
of the incoming charge but is also responsible for spraying of the negative charge
on the belt. By adjusting this voltage the magnitude of the incoming positive
chargos and outgoing negative charges can be made equal (Herb 1959). Hence
wn additional corona comb OV, from roller to dome with an adjustable gap was
added to configuration V.2 to make configuration V.1.

2.2, Comb geometry. We selected out cortain comb configurations for de-
tailed study of comb positions, relative to the roller, belt surface etc., in order
to ascertain the optimum geometry for officient charge colloction as indicated by
maximum saturation short circuit current. Other configurations were not chosen
because of lower yield and similarity of comb arrangements with these configura-
tions. Since spraying and collection are completely independent processes, each
separately controllable (Livingston & Blewett 1962) the ground end comb geo-
motries which essentially control the spraying part and the high voltage end comb
goometrien which control the collection part (apart from negative charge spray-
ing) were taken up separately.
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(r) Ground end :

Studies at the ground end indicate that the saturation short circuit current
is more or less independent of the ground end comb positions (d¢,, d¢,) and their
gaps (¢y, ¢») a8 is evident from figure 4. The gap g, and the position d¢, of the
comb (/; controls the threshold for the onset of corona. Relativoly lower spray
voltago is roquired when the gap g, is smaller and also when the distance deg,
from the centreline of the roller is smaller. But thore is & minimum limit to
der, below which frequent spark breakdown between the spraying comb and
the roller occurs. Hence, apart from the variation of the input characteristics,
saturation charge density on the belt is realized irrespective of the geometry
of the ground end spraying comb C;.

CONFIG: I CONFIG:II.4
' " .
d =2ly's dam2lpy’ ) dem2byydeataydy=2fy
" v ”
. 4{1. 2V a2 ¥y 150k 1,203
8= T
=r et i‘”" .
S :
2 w0l < 8o}
1 Az
Zaok = a0}
[V -
ol L L TR [ s L PR |
0 W " ¥e Va ° I3 3 e 23
—_— — 3z
CONFIGIT.L CONFILI T 4
°:| .z*',d,‘,’-l’/: 0 de,x Z,K','d,.ezyz"
160~ " " "
el 8, =Ye I UELAT LRTIEY
<20k . ciof
- — N -
.:'.ID.. 5 e
Z & a0}
S0 ROLLE <
o i ) o 1 ik 1 J
° | 2 3 q o ! 2 3 q
— g, — g,

Fig. 4. Indopendence of saturation short cireuit current [or various comb geometries at the
ground end.

(b) High voltage end :

Tho saturation short cireuit current () g4 was found to be insensitive with
gaps g, and g,V as shown in figure 5. Dependonce of (1) st on d¥¢, for configura-

tions L1, L2, TIT.1, 1I1.2, & 1V.2a are shown in figure 6. The maximum (Ig) sat i8
about 120 4 in all these cases except in the configuration I.2.

In configuration T.1, both positive charge collection and negative charge
spraying is present. The rise in (Is) sat With dV¢, is duc to increased negative charge
spraying and (lg) s passes through a maximum as the position of the comb C7,
coincides with the roller centre line. The maximum (Is) go¢ = 65¢.4 in configura-
tion 1.2 is due to the collection of positive charges alone, since with the roller con-
nected to dome negative charge spraying cannot oceur. The fall in (Is) sa¢ 88 the
comb C¥, moves towards the roller is due to the drop in the belt surface potential
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near the comb which affects the charge collection. In case of configurations II1.1
and ITL.2, (Is) sat was found to be constant due to saturation in both the values of
I, and I_. The saturation is mostly due to tho presence of C¥,. The increase
in the roller to dome potential was achieved in the case of configuration T11.2 with
tho help of the comb CV, connected to the roller which helped to increase the col-
lection of charges by tho roller. The drop from about 120 x4 as the comb CV,
approaches the roller centreline is due to the presence of additional needles directed
roller from the comb OV, which tries to limit the dome to roller potential affecting
tho negative charge spraying. In this case the goometry is such that the roller
to dome potential falls below tho threshold value for negative charge spraying as
(v, approaches the roller centre line.
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Fig. 6. Tndependence of saturation shori circuit current with the gaps ¢,V and g.¥at the
high voltage end.
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gurations. !
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This particular aspeet was studied in greater detail in configurations IV.3
and V.1. In case of TV.3 tho roller to dome voltago was controlled by control-
ling the value of I, while in configuration V.1 the same was dono by controlling
the gap ¢¥y between the control comb €V and the dome. The effect of roller to
domo voltage on negative charge spraying is evident from the results shown in
figure 7 while the collection of positive charges remained unaffected. Similar
results are obtained in both the casos and this can be utilized for the control
of downward and henee the total output current of the generator.
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Fig. 7 Dependence of Is, I, and T_ on domo to roller potential controlled by (i) resistance
Ra and (1) the gap g,V of the control comb C4¥. (The abscissoa represents equivalent
dome to roller voltage iu arbitrary units.) The curves show that the control is achieved
on T_ leaving I, unaffocted.

3. CoNCLUSION

Ol all the configurations studied, configuration IV.2 was found to be the most
eonvenicut. Tt has the advantage of (i) maximum charge transfor under optimum
geometrical conditions, (ii) reduced loading on the spray power supply, and (iii)
control and stabilization of the roller to dome voltage. This control and stabili-
zation of the roller to dome voltage was achioved through the use of a few
additional adjustable needles from the comb CV, directed onto the roller without
the actnal prosence of the additional comb OV, of configuration V.1 or the
resistance By of configuralion IV.3..

Under the conditions of optimum charge transport we obtained a maximum
short cirenit current ~ 120 4. This corresponds to a charge carrying efficiency
(Craggs & Mook 1964) ~ 75%, of theoretical maximum.
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