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3,083,121
SHUNT CONTROL TO PREVENT ARCING IN AN
ELECTROSTATIC SPRAY COATING SYSTEM
AND METHOD
Wiilliam D. Gauthier, Indianapelis, Iod., assignor to
Ransburg Electro-Coating Corp., a corporation of In-
diana
Filed Sept. 10, 1959, Ser. No. 839,111
15 Claims. (ClL 117-—-93.4)

My invention has to do with improvements in systems
for the spray coating of articles of manufacture in an
electrostatic field, and particularly with the control of
voltages and currents in such systems.

This application is a continuation-in-part of my ap-
plication -Serial No. 651,377, filed April 8, 1957, now
abandoned.

Systems utilizing highly charged electrode means and
electrostatic fields having high potentials, as of the order
of 40 to 100 kilovolis and more, with sufficient currents
to carry out highly efficient electrostatic spray coating
operations, have been known and used commercially.
One form of such systems operated to control the field
gradients in desired manner during variations in field
electrode spacings, preferably by the use of impedances
and the reduction of the effective capacity so that the
systems were incapable of undesirable sparking, fire haz-
ard or shock to personnel. Reference may be made to
Juvinall et al., Serial No. 785,754 filed January 8, 1959,
a continuation-in-part of Juvinall et al,, Serial No.
572,752, filed March 20, 1956, and now abandoned, for
furiher information regarding such systems. The specific
system used commercially utilized control impedances of
essentially constant vahie, whereas my invention provides
an impedance of variable value, responsive to current
flow, as the desired control means for an electrostatic
spray coating system.

Practical embodiments of my invention may take dif-
ferent forms. In one form, the automatically variable
impedance, which preferably is an electron-discharge con-
trollable amplifying device having an anocde, cathode, and
control element, is connected in parallel with the deposit-
ing field, and the control device is so comnstructed that
upon an increase in field-current the impedance of the
variable-impedance element will be decreased to increase
the cuirent drain through a fixed resistance and thus
reduce the voltage applied to the charged electrode. In
another form my invention may take, the variable im-
pedance element is connected in series with the field be-
tween the charged electrode and the voltage source, and
the arrangement is such that an increase in field current
will be accompanied by an increase in the value of the
variable impedance, increasing the voltage drop across
it and again reducing the voltage applied to the charged
electrode. i

An object of my invention is to provide improved
electrostatic spray coating apparatus.

Another object is to provide an electrostatic spray
coating system in which the average potential gradient
of the depositing field is maintained within desired values
despite varying distances between the charging electrode
and the nearest grounded object.

A further object of the invention is an electrostatic
spray coating system incapable of sparking or other
dangerous disruptive electrical discharge regardless of the
proximity of grounded objects to the charging electrode.

Another object of the invention is to provide means
for discharging extremely rapidly the inherent capacitance
of an electrostatic spray coating system.

Means for accomplishing the above stated and related
objects of my invention will now be described in detail,
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with reference to the accompanying drawings in which:

FIG. 1 is a circuit diagram of apparatus for spray
coating embodying a form of my invention;

FIG. 2 is a circuit diagram of apparatus showing an-
other form of the invention;

FIG. 3 is a circuit diagram of another embodiment of
the invention;

FIG. 4 is a circnit diagram of yet another embodiment
of the invention; and

FIG. 5 is a circuit diagram of still another embodlment
of the invention.

In FIG. 1 an atomizing head or bell is designated as
10. Preferably this head is constructed of an insulating
material such as nylon and coated with a composition of
predetermined controlled resistivity. It is rotated about
its central axis by suitable motor means 11, preferably
connected to the bell by an insulating shaft, and is con-
nected to a controlled source 12 of liquid coating material
such as paint or the like, so that the.lignid material fed
to the head is spread by centrifugal force into a thin film
on a surface of the rotating head for atomization there-
from into the electrostatic field. The details of suitable
rotating means 11 and the liquid supply means 12 for
the atomizing head 10 are known to the art and form no
part of my invention. It is also known that the effective
capacity of the atomizing head and its electrically asso-
ciated elements such as the rotating means should pref-
erably be kept at a low value. By use of a form of my
invention, however, the effective capacity of the head may
be hlgher than that heretofore used commercxally

In coating operations, the atomizing head 10 is posi-
tioned in spaced relation from an article to be coated
shown as 13, which is grounded as shown. An electro-
static field of high potential gradient is established be-
tween the head 16 and the article 13 through a circuit
embodying my invention. A voltage source 14, designed
to develop voltages preferably of ‘the order of 100 kilo-
volts or more (and at least 40 kilovolts) and currents up
to a few milliamperes, is grounded and its high voltage
terminal (in this particular case the negative terminal)
is connected to a first resistance 16, which may be built into
the power pack itself if desired.

A second resistance 18 is connected in series between
first resistance 16 and the atomizing head 10. Thereby
a complete circuit is established from voltage source 14,
through resistance 16 and resistance 18 to head 10, pref-
erably without connection to the motor, and thence across
the electrostatic field to the grounded article 13.

From a point between the resistances 16 and 18 a
circuit to ground is provided through a third resistance
20 ‘and a variable impedance element shown as a triode
22, which circuit provides a path to ground which, in
effect, is in parallel to the path to ground through re-
sistance 18 and head 10. In the drawing, and in the
explanation which follows, it is assumed that the “hot”
terminal of the voltage source 14 is of negatlve polarity,
and hence the anode of the triode 22 is connected to
ground and the cathode to the ungrounded terminal of
the voltage source through the resistances 20 and 16.
To control the effective impedance of the element 22, its
control grid is connected through a line 24 to a point
between the head 10 and the resistance 18.

The circuit illustrated in FIG. 1 operates in the fol-
lowing manner: Assuming that the element 22 is con-
ducting only a relatively small amount of current by
virtue of the bias applied to its grid and the self-bias
developed across resistance 2@, such small current results
in only a small voltage drop across resistance 16. Cur-
rent from the voltage source 14 will flow through the
resistances 16 and 18 to the head 10 and thence through
the field, or across the air gap between the head and
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the grounded articles 13. If the head approaches the
article the resistance of the air gap will decrease, increasing
the current and thereby increasing the voltage drop across
the series-connected resistances 16 and 18 .to lower the
potential of the head 10. At the same time, the increase
in voltage drop across the resistance 18 will alter the bias
on the grid of triode 22 to increase its conduction. ~ “When
that condition exists, the voltage drop across the resistance
16 will be further increased, since such resistance carries
both the current flowing through the head 10 and the
current flowing to ground through the triode 22. The
thus augmented - voltage drop across the resistance 16
effects- a further drop in the potential of the head 19.

“As will be obvious, the relative values of the resistances
18 and 20 determine the effect on grid voltages of changes
in the current flowing to the head. An increase in the
value of the resistance 18 augments the effect on grid
voltage of changes in current to the head.  The resistance
20, by affecting the current flowing in the aforesaid paral-
lel circuit, affects the voltage drop across the resistance
16 and also, by affecting the voltage of the cathode of the
element 22, affects the bias on the control element of
the triode. In this latter function, an increase in the
value of the resistance 2@ tends to offset an increase in
the value of the resistance 18.

Suitable values for the resistances 16, 18 and 20 will
depend to an extent on charactristics of the triode 22. A
value of the order of 50 megohms for the resistance 186,
of the order of 10 megohms for the resistance 18 and of
the order of one megohm for the resistance 20 will be
suitable for certain tube characteristics.

In the above explanation it has been assumed that all
current from the “hot” terminal of the voltage source
flows to ground over the conductive paths illustrated in
the drawing. Actually, of course, at the voltages used
in practice there will be some leakage of current over
other paths; but if the conductors, the motor 11, and other
conductive parts are properly sheathed with polyethylene
or other suitable high -voltage insulating material, any
such leakage will be effectively immaterial. Where
atomization is to be effected electrostatically the current
reaching the head, in the system shown in FIG. 1, must
be that required to effect such- atomization. With a
voltage source providing an output voltage of 100 kv.,
with the resistance values set forth above, and with a
twelve-inch spacing between the head and the article, the
space current across the field will be in the neighborhood
of thirty microamperes. Except for negligible leakage,
this current will comprise all of the current flowing
through resistance 18 and a portion of the current flow-
ing through resistance 16 from the power supply 14.
At the same time tube 22, by virtue of ifs grid character-
istic curve and the values of resistances 18 and 20 here-
tofore specified, would for example have a space current
of 150 microamperes. This current would also pass
through the resistance 16 resulting in a total current of
about 180 microamperes under the assumed conditions
and a voltage drop of about 9 kv. across resistance 16.
Under the conditions mentioned there would be about
one-third of a kilovolt additional drop across the re-
sistance 18, so that the voltage at the atomizing edge of
the bell 10 would thus be about 90 kv., approximately
optimum for electrostatic atomization at a 12’ spacing.

If the article and head, undergo relative movement
toward each other and the head-article spacing becomes
only 5”, for example, if there were no change in the head
voltage the average potential gradient and space current
to the article would go up to more than double their
previous value. However, as the 5’ spacing is ap-
proached, the increase in current flow from the atomizing
edge tends to bias the grid of the tube 22 more positively,
resulting in a heavier current draw through tube 22 and
a correspondingly greater voltage drop across resistance
16. Again, if the values of resistors 18 and 29 have

(73

10

20

30

40

b0

55

80

65

70

75

4

been properly chosen in relation to a tube with a suit-
able grid characteristic curve, the additional draw through
the tube at this reduced head-article spacing will be such
as to drop the voltage to a much reduced head voltage at
or near optimum for the reduced spacing. For example,
an increase of 30 microamperes additional current through
the resistance 18 (so that 60 microamperes in all are
now flowing through it) would initiaily result in 300
volts additional positive bias on the grid of the tube 22.
The additional space current flow through the tube;
however, would increase the drop across resistance 20
(heretofore specified as having a value of ¥, that of the
resistance 18), until the tube again stabilized at a space
current flow therein satisfactory for the changed head-
article spacing. In the case assumed this would, for
example, be 620 microamperes. This higher current draw
through the resistance 16, coupled with the 60 micro-
amperes passing. through the resistance 18 to the atemiz-
ing. head, would result in approximately a 34 kv. drop
across the 50 megohm resistance 16 and approximately
a 35 kv. drop when the additional current through the
Tesistance 18 is considered; and this will be seen to result
in reducing the head-to-article voltage to a value of about
65 kv., substantially optimum for electrostatic atomiza-
tion at a 5 spacing.

The foregoing examples have been given as though the
head were of metal and had little or no resistance therein.
Even if the head has a few megohms of distributed re-
sistance, say about 5 megohms, this is relatively insig-
nificant as compared with the combined values of the
resistances 16 and 18 so that the actual atomizing edge
voltages would still conform very closely to the figures
given above.

It will also be understcod that only a few micro-
amperes of additional current flow from. the atomizing
head as the article and head still further approach each
other can result in further markedly increased current
drain by the tube 22; and it will be apparent that if the
tube 22 .drew two milliamperes there would be a 100-kv.
drop across the resistance 16 and no voltage at the atom-
izing edge of the head. An exact no-voltage condition
at the head edge can, of course, not be obtained since
there would then be no current flow through the resistance
18 to provide grid bias; but the condition can be closely
approached to the extent that the head edge voltage can
be pulled down to a few kilovolts when the article and
the edge get within about ¥5" of each other. 'The quan-
tity of electricity stored in the capacity between the head
and ground (indicated by the dotted line capacity repre-
sentation 25), will drain off as the voltage of the head is
dropped by virtue of increased space -currents through
the tube 22. Thus my invention reduces the importance
of low effective capacity in the head; but nevertheless, as
stated heretofore, I prefer to use a head with -at least a
few megohms of distributed resistance as measured be-
tween its apex and atomizing edge, in order to still fur-
ther reduce any possible capacitive discharge effects. -

Referring now to the circuit shown in FIG, 2, there is
shown a further embodiment of my invention, wherein
the variable-impedance element is in series rather than in
parallel with the field. As shown, the impedance com-
prises two tubes which share the voltage drop in: the sys-
tem substantially equally rather than a single tube which
may at times have substantially the entire voltage. from
the power pack developed across it. In describing this
circuit, reference numerals 26 higher than used in FIG: 1
will be used on corresponding parts to reduce the neces-
sity for a complete repetition of the description.: A bell-
like atomizing head 38 rotated by a motor 31 and sup-
plied with paint or other suitable coating material from
a source 32 is again adapted to electrostatically coat arti-
cle 33. TIn this case the circuit completed between the
grounded article and the atomizing head 39 and includ-
ing the high voltage power supply source 34 is completed
through the variable impedance, preferably a pair of
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tubes 42 and 42« in series with each other and in parallel
with high resistances 36 and 36a which may, for exam-
ple, be of 500 megohms each. Cathode resistors 40 and
404, which may be of 2 megohms each, are in series with
the cathodes of the two tubes; and the grids of the tubes
are connected to the left-hand ends of each of the cathede
resistances (as viewed in the drawings) when the “hot”
terminal of the power pack 34 is negative.

In the system just described, it may be assumed that
the characteristic curves of the tubes are such that ap-
proximately 20 or 25 microamperes flows through them
when the head-article spacing is in the neighborhood of
10 or 12”. The parallel path provided through the re-
sistances 36 and 36a provides a small additional amount
of current which may, for example, bring the total cur-
rent flowing from the atomizing edge of the bell to the
article in the neighborhood of 30 microamperes. Under
these initial operating conditions, the tubes constitute
initially low resistances in parallel with resistances 36
and 36a. On the other hand, as the distance between the
atomizing head and the article is materially reduced, and
the space current flow therefrom increases, increased cur-
rent flow through the cathode resistances 40 and 40a
biases the grids more negatively and increases the cathode-
plate resistances of the tubes. As these resistances be-
come higher the total effective resistance in the circuit
also becomes higher, until eventually any further cur-
rent fiow takes place substantially entirely through the
high resistances. 36 and 36a. Since these provide very

igh resistance, not only is the voltage at the atomizing
edge of the bell progressively decreased as the gap be-
tween it and the article decreases, but also the voltage
regulation is such as to prevent an objectionable disrup-
tive discharge, provided the head has a suitable distrib-
uted resistance sufficient to reduce capacity discharge
effects satisfactorily (as 10 megohms when measured be-
tween the apex and atomizing edge of a 4" bell). A bell-
head with the desired low effective capacity may have its
body portion made of a material with good insulating
characteristics, as nylon, and have at least one surface
coated with a material providing a film which has pre-
determined very high electrical resistance, but sufficient
'slight conductivity to carry a current in the low micro-
ampere range to the atomizing edge. An alkyd resin,
enamel-like coating material with finely divided carben
particles therein has proved very satisfactory for this re-
sistive layer, having not only the necessary high electrode
resistance, but also having high chemical resistance to
the constituents of paint or other liquid coating material
being used, and high mechanical resistance to abrasion
by the coating material flowing thereover.

The circuit of FIG. 2 should preferably not be used
with a very low resistance or large metal head. How-
ever, the circuit of FIG. 2 has the advantage of “failing
safe” in the case of a majority of tube failures, which are
normally failures of the filament or heater. In the event
of such a failure rendering the tube completely non-
conductive, all current must then flow through the rela-
tively high resistance in parallel with it.

It is also to be understood that the system is effective
with any type of paint charging electrode, insofar as
safety conditions are concerned, and need not necessarily
energize only the atomizers illustrated in'the figures. The
protective circuits may be used in conjunction with a
paint charging electrode in the form of a wire electrode,
for example, with paint or other suitable coating material
being introduced into the field between such electrode
and the article by an air gun or any other suitable spray
device. Such a system is illustrated in FIG. 3 with ref-
erence numerals 40 higher than those used in FIG. 1
being used on corresponding parts to simplify the descrip-
tion. Resistance 56 may again be of 50 megohms, for
example, .and resistance 58 of 10 megohms, the voltage
of the supply source being applied to the charging elec-
trode 50 through these resistances. In this case the charg-
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ing electrode may be a thin wire electrode as, for exam-
ple, a wire 10 mils in diameter and 2 feet long; and paint
is sprayed into the field between this charging electrode
and the grounded article 53 from a suitable spray source,
as a conventional air spray gun 66. The tube 62 has its
grid connected between the resistance 58 and the charg-
ing electrode 56 by the lead 64, and its cathode connected
to the other side of the resistance 58, between it and the
resistance 56, through the cathode resistance 68, which
may be of one megohm, and the plate of tube 62 is con-
nected to ground. Operation of the circuit is analogous
to that described in connection with the system of FIG. 1.

It is to be understood that while the circuits are shown
in each of the three figures as separate from the voltage
supply indicated by the box at the left of each figure, they
can in commercial practice be incorporated within the
cabinet of the power pack and combined with it. More-
over, while the actions of the circuits have been described
in connection with initial voltage supplies assumed to be
constant, such voltage supplies can also inherently effect
some of the desired voltage drop within themselves, so
that the control circuits illustrated would in such case
not be required to effect the entire desired control for
maintenance of optimum electrostatic atomizing voltages,
or for safety.

It is also to be understood that it may be desirable to
use additional grid bias batteries or other grid bias volt-
age sources to effect operation on a suitable portion of
the grid characteristic curve; that the use of amplifiers in
the grid circuit may be desirable to effect greater grid
voltage changes in the control tube as a result of rela-
tively small current changes from the charging electrode;
and that the control tube itself may be replaced by any
other form of variable current-controlling device.

The circuits- heretofore 'illustrated and described have
all been designed for a situation where the positive ter-
minal of the power pack is connected to ground, and the
negative terminal is connected to the field electrode which
charges the spray particles. Somewhat different circuits
are necessary when the spray charging electrode is con-
nected to the positive terminal of the high voltage power
supply, and circuit embodiments for such use are illus-
trated in FIGS. 4 and 5.

Referring first to FIG. 4, reference numerals 60 higher
than those used in the first description will be applied to
the analogous parts. A high voltage power pack 74 has
its negative terminal grounded and its positive terminal
connected to resistance 76, which may, for example, have
a resistance of the order of 2,000 megohms. An atom-
izing head or bell 76, preferably of low effective capacity
as heretofore described, is rotated by a motor 71 and
supplied with paint or other liquid coating material from
a supply source 72. Resistance 76 is connected through
a grid bias resistance 78, which may, for example, have a
value of 1 megohm, to the head 70 which atomizes and
charges the spray of coating material. The article 73
being painted is grounded, so that the atomizing head 70
and the article comprise the two electrodes of a high po-
tential atomizing and depositing field, generally in the
neighborhood of 80 or 90 kv.

In this case the tube 82 provides a circuit path in shunt
with the high resistance 76, having its anode connected
to the end of the resistance connected to the positive ter-
minal of the power pack and its cathode connected to
the other end of such resistance. A connection 84 lead-
ing from a point between the resistance 78 and the motor
71 to the grid of the tube 82 provides grid bias controll-
ing the cathode-anode resistance of the tube. The char-
acteristics of the tube would be so selected that at normal
operating currents through the resistor 78, as the for ex-
ample 30 microamperes, the cathode-anode resistance of
the tube would be only a relatively few megohms, and
substantially the entire voltage from the power pack
would be applied to the atomizing head 70. Should the
current through the resistance 78 rise, however, as by rea-
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son of a lesser spacing between the article and atomizing
head, the increased voltage drop across the resistance 78
makes the grid of tube 82 more negative with respect
to its cathode, increasing its resistance and thus increas-
ing the voltage drop and reducing the voltage applied
to the atomizing head. When the space current leaving
the atomizing head reaches a predetermined selected value
as, for example, 80 or 90 microamperes, the tube charac-
teristics should be such that the negative bias on the grid
completely cuts off any conduction through the tube,
raising its resistance substantially to infinity, and resulting
in substantially ail current flow to the head being through
the high resistance 76. As will be immediately apparent,
any further increases in space current flow from the atom-
izing head will result in large voltage drops across the
resistance 76 and greatly reduced: potential difference
between the atomizing head 76 and the article 73.

in the circuit shown in FIG. 5, an atomizing head %0
is again adapted to be rotated by a motor 91 and to be
supplied with a liquid coating material from a supply
source 92 to coat a grounded article 93. A high voltage
power pack has its positive terminal connected to a re-
sistance 96, which may, for example, have a vaiue of 50
megohms, the other end of this resistance being con-
nected to the atomizing head 99.. The negative terminal
of the power pack is connected to ground through a re-
sistance 186, which may, for example, have a value of
1 megohm. The grounded end of this resistance is con-
nected to the grid of tube 162 through lead 184, and the
other end of resistance 196 is connected to the cathode
through resistance 100 which may also have a value of
1 megohm, the anode of the tube being connected to the
end of resistance 96 farthest from the power pack. Since
space current flow between the atomizing head 90 and
the article 93 is returned through the ground connection
to the power pack, it provides a voltage drop across re-
sistance 106 which is proportional to the current flow,
and which drives the grid more positive with respect to
the cathode upon increases in space current flow., The
characteristics of the tube are so selected that the tube is
at or just barely above cut-off at a desired operating space
current, -as’ 30 microamperes. Increases in space current
will cause increase in current flow through the tube and
thus increased current flow through the resistance 96.
For example, if the tube is conducting one milliampere
at 60 microamperes of space current, there will be more
than 50 kv. of voltage drop across the resistance 96 with
a restltant very reduced voltage drop between the atom-
izing head and article.

The foregoing description of embodiments of my in-
vention has been for the purposes of illustration and not
by way of limitation of the invention. The invention is
concerned broadly with the use of a current-controlling
device, as a tube controlled by a grid or the like, for
controlling voltages and current flows in an electrostatic
spray coating system, as pointed out in the appended
claims,

I claim:

1. Apparatus for electrostatically depositing liquid coat-
ing material on an article, comprising: a source of uni-
directional high potential; a charging electrode electrical-
Iy connected to said source; means for supporting the
article to be coated; means connecting said article in
circuit. with said high potential source to establish an
clectrostatic field between said charging electrode and said
article, the electrode-charging portion of said circuit in-
cluding high resistance means through which at least a
portion of the space current in said field flows; a source of
liquid coating material; means for atomizing said- liquid
coating material into said electrostatic field, said charging
electrode and said article being capable of relative move-
ment during normal coating operation; a controllable
variable impedance device connected to said high resist-
ance means; and means for controlling the impedance of
said device as a function of space current flow in said
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electrostatic field for causing an amplified variation in
curreat flow through said high resistance means, whereby
variations in average potential gradient of said field during
relative movement between said electrode and article are
substantially reduced.

2. In an apparatus for electrostatically depositing liquid
coating material on an articie including a source of uni-
directional high potential, a charging electrode electrical-
Iy connected to said source, means for supporting the
article to be coated, means connecting said article "in
circuit ‘'with said high potential source to: establish an
electrostatic field between said charging electrode and said
article, the elecirode-charging portion of said circuit .in-
cluding high resistance means, a source of liquid coating
material, means for atomizing said liquid coating material
into said electrostatic field, said charging electrode and
said article being capable of relative movement during
normal coating operation, a field potential regulator, com-
prising a tube having cathode and plate elements, one of
these elements being connected to the end of said high
resistance means which is connécted to said charging elec-
trode, and a control grid; and means for varying the
cathode-grid bias of said tube as a function of space current
flow in said electrostatic field for causing an amplified
variation in current flow through said high resistance
means, whereby variations in average potential gradient
of said field during relative movement between said elec-
trode and article are minimized and an objectionable
discharge of electrical energy is avoided upon close ap-
proach of said electrode to another object

3. Apparatus of the character claimed in claim 1,
wherein said charging electrode has low effective capacity.

4, In an apparatus for electrostatically depositing liquid
coating material on an article including, a source of unidi-
rectional high potential, a charging electrode electrically
connected to said source, grounded means for supporting
the article to be coated, means connecting said article in
circuit with said high potential source to establish' an
electrostatic - field between said charging electrode and
said article, the electrode-charging portion of said circuit
including high resistance means, a source of liquid coating
material, and means for atomizing said liquid- coating
material into said electrostatic field, said charging electrode
and said article being capable of relative movement during
normal codting operation, a field potential regulator,
comprising: a tube having cathode and plate -elements,
one of these elements being connected to the end of said
high resistance means which is connected to said charging
electrode and the other of these elements being connected
to ground, and a contro! grid; and means for varying the
cathode-grid bias of said tube as a function of space cur-
rent flow in said electrostatic field for causing an ampli-
fied variation in current flow through said high resistance
means, whereby variations in average potential gradient of
said field during relative movement between said electrode
and article are minimized and an objectionable discharge
of electrical energy is avoided upon close approach of
said electrode to another object. ‘

5. In an apparatus for electrostatically depositing liquid
coating material on an article including -a source - of
unidirectional high potential, a charging electrode electric-
ally connected to said source, means for supporting the
article to be coated, means connecting said article in
circuit with said high potential source to establish an elec-
trostatic field between: said charging electrode and said
article, the electrode-charging portion of said circuit in-
cluding high resistance means, a source of liquid coating
material, and means for atomizing said liquid coating
material into said electrostatic field, said charging elec-
trode and said article being capable of relative movement
during normal coating operation, a field potential regu-
lator, comprising: a tube having cathode and plate ele-
ments connected to opposite ends of said high resistance
means, and a control grid; and means for varying the
cathode-grid bias of said tube as a function of space cur-
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9.

rent flow in said electrostatic field for causing an amplified
variation -in current flow through said high resistance
means, whereby variations in average potential gradient of
said field during relative movement between said electrode
and article are minimized and an objectionable discharge
of electrical energy is avoided upon close approach of
said electrode to another object. _

6. Apparatus of the character claimed "in claim 5,
wherein there are a plurality of high resistances in series
in said circuit, each such resistance having a tube in
shunt therewith, and the sum of the values of said re-
sistances comprising at least several megohms per kilovolt
of said high potential source when said charging electrode
is sufficiently near another object that a disruptive dis-
charge might occur.

7. Apparatus for electrostatically spray coating articles,
comprising charging electrode means, means for main-
taining an article to be coated at ground potential and
spaced from said charging electrode means, voltage supply
means connected in a circuit with said charging electrode
means and capable of providing a high unidirectional
potential difference of at least 40,000 volts and at least
several thousand volts per inch average gradient between
said charging electrode means and the article portion
closest thereto during normal coating conditions to create
an electrostatic depositing field, a vacuum tube, the circuit
between said voltage supply means and said charging elec-
trode means including a resistance and a connection to
said tube, said tube having cathode and plate elements and
a grid, one of said elements of said tube being connected
to said resistance and the grid of said tube controlling the
flow of current in said tube to control the voltage between
said charging electrode means and said article; and means
for projecting a spray of liquid coating material particles
into the depositing field for charging and deposition of
the spray particles on the article while still in liquid state.

8. Apparatus for -electrostatically depositing liquid
coating material on an article, comprising a source ca-
pable of providing a unidirectional high potential of at
least 40,000 volts, a charging electrode electrically con-
nected to said source, means for supporting the article
to be coated in spaced relation to the charging electrode,
means connecting said article in circuit with said high
potential source to establish an electrostatic field between
said charging electrode and said article, a source of liquid
coating material, means for atomizing said liquid coat-
ing material into said electrostatic field, said charging
electrode and said article being capable of relative niove-
ment which varies the length of the air gap thersbetween
during coating operation, said means connecting said cur-
rent source to said charging electrode including a first
resistance and a second resistance in series, said second
resistance having a lower resistance value than that of
said first resistance, a third resistance of still lower value
having one end connected between said first and second
resistance, a tube having a cathode connected to the other
end of said third resistance, a plate connected to ground
and a control grid connected to said charging electrode
to minimize variations in the average potential gradient
of said electrostatic field that would otherwise occur as
@ result of variations in the length of the air gap, whereby
at all air gap lengths objectionable discharge of electrical
-energy of a character to initiate a fire or a shock to the
operator is avoided.

9. In the method of electrostatically spray coating arti-
cles in an electrostatic field created by a undirectional
high potential between a charging electrode and another
electrode comprising at least one of the articles and
wherein relative movement between the electrodes results
in appreciable variation in the gap spacing therebetween
during normal coating operaticn, and wherein electro-
statically charged coating material particles in the field
are electrostatically deposited on the article, the steps of
providing a controllable variable impedance device opera-
tively connected to said charging electrode circuit to

10

15

20

25

30

35

40

45

50

60

65

70

75

10

control the impedance of the electrode circuit, and con-
trolling said device in response to changes in space cur-
rent across said gap to automatically continuously change
the voltage between the electrodes to materially minimize
variations in the average field gradient which would other-
wise accompany such changes in spacing.

10. In the method of electrostatically spray coating
articles in an electrostatic field created by a unidirectional
high potential between a charging electrode and another
eléctrode comprising at least one of the articles and
wherein relative movement between the electrodes results

_in appreciable variation in the gap spacing therebetween

during normal coating operation, and wherein electro-
statically charged coating material particles in the field
are electrostatically deposited on the article, the steps of
providing a high resistance in series with said charging
electrode, and a tube connected to said resistance and
having its cathode-grid contrcl voltage changed by and
as a function of changes in space current across said gap
to cause amplified variations in voltage drop across
said resistance resulting in minimization in the variations
in the average field gradient which would otherwise ac-
company such changes in spacing, while maintaining the
energy devel of a discharge from the charging electrode
below that which would be provided by a metal sphere
of a radius of about three centimeters in the same electro-
static system.

11. In an apparatus for electrostatically depositing
liquid coating material on an article, a source of unidi-
rectional high potential, a charging electrode electrically
connected to said source, grounded means for supporting
the article to be coated, means connecting said article
in circuit with said high potential source to establish an
electrostatic field between said charging electrode and said
article, the electrode-charging portion of said circuit in-
cluding high resistance means connected to one terminal
of the high potential source, a source of liquid coating
material, and means for atomizing said liquid coating
material into said electrostatic field, said charging elec-
trode and said article being capable of relative movement
during normal coating operation, field potential regulat-
ing means, comprising a tube having cathode and plate
elements, one of these elements being connected to the
end of said high resistance means which is connected to
said charging electrode and the other of these elements
being connected to the other terminal of the high poten-
tial source, and a control grid; and means for varying
the cathode-grid bias of said tube as a function of space
current flow in said electrostatic field for causing an am-
plified variation in current flow through said high resist-
ance, whereby variations in average potential gradient
of said field during relative movement between said elec-
trode and article are minimized and any discharge of
electrical energy is also minimized upon close approach
of said electrode to ancther object.

12. Apparatus of the character claimed in claim 11,
wherein the means for varying the cathode-grid bias of
said tube comprises a resistance connected between
ground and said other terminal of the high potential
source.

13. Apparatus for electrostatically depositing liquid
coating material on an article, comprising, a source of
unidirectional high potential; a charging electrode elec-
trically ¢onnected to said source; means for supporting
the article to be coated; means connecting said article in
circoit with said high potential source to establish an
electrostatic field between said charging electrode and
said article, the electrode-charging portion of said circuit
including high resistance means; a source of liguid coat-
ing material; means for atomizing said liquid coating
material into said electrostatic field, said charging elec-
trode and said article being capable of relative move-
ment during mormal coating operation; a tube having
cathode and plate elements connected to opposite ends
of said high resistance means, and a control grid; and
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means for varying the cathode-grid bias of said tube as
a function of space current flow in said electrostatic field
for causing a variation in current flow through said high
resistance means, whereby variations in average potential
gradient of said field during relative movement between
said electrode and article are minimized and any dis-
charge of electrical energy is also minimized upon close
approach of said electrode to another object.

14. Apparatus of the character claimed in claim 13,
wherein the high resistance means in said circuit has a
tube in shunt therewith, the value of said resistance com-
prises at least several megohms per kilovolt of said high
potential source when said charging electrode is suffi-
ciently near another object that a disruptive discharge
might occur, and said tube is rendered less conducting
upon near approach to the object.

15. An apparatus for electrostatically depositing coat-
ing material on an article, comprising a high voltage uni-
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directional current source for establishing an electrostatic
field between a charging electrode and the article to be
coated, a variable impedance associated with the current-
path from the source to the article, and means responsive
to space current flow in said field for automatically vary-
ing the value of said impedance to reduce variation in
the average potential gradient of said field, in the event
of relative movement between said electrode and the
article.
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