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CONTROL ARRANGEMENT FOR ELECTROSTATIC
SPRAY INSTALLATION
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The present invention relates to an arrangement for
maintaining constant the distance of the spray electrode
from the surface or deposition area to be sprayed during
the electrostatic coating of large objects provided with un-
even surfaces, especially motor vehicles to be coated with
a layer of paint, lacquer, enamel, or the like.

In the known installations of the prior art for the elec-
trostatic paint-spraying, the objects to be provided with a
cover or coating of paint are moved essentially rec-
tilinearly past one or several stationary spray electrodes.
With such installations, it is not possible to provide vehicle
bodies. of motor vehicles having relatively large surfaces
of uneven shape with an even coating or cover of paint
over the entire surfece thereof.

This is due to the fact that the electrostatic spray proc-
ess for optimum operating conditions requires the main-
tenance of a predetermined d'stance of the spray-elec-
trode from the surface to be covered or coated which
distance, for example, may appropriately amount to ap-
proximately 30 cm. with a given installation. During the
coating of vehicle bodies which move essentially rec-
tilinearly past the spray-electrodes, the distance of the
spray-e'ectrodes from the engine hood or rear part of
the vehicle, which are usually lower than the roof, may
be approximately 70 cm. if the distance from the roof of
the vehicle, which forms ordinarily the highest part of
the vehicle body, is necessari'y maintained at a distance
near the above indicated value of approximately 30 cm.

As a result of this variation in the distance of the
spray-electrodes from the surface to be covered or coated,
losses of spray-material will necessarily occur, an uneven
distribution of the spray-material over the surface to be
coated will take p'ace and therewith a defective or in-
adequate quality of the final coating.

A uniform application of this spray-material, especially
also with large objects having non-uniformly shaped sur-
faces is assured by the present invention.
~ Accordingly, it is an object of the present invention to
provide an arrangement for electrostatically spraying
large non-uniformly shaped surfaces without incurring the
disadvantages of the prior art devices.

It is another object of the present invention to provide
an installation for producing an improved uniformly dis-
tributed coating of large uneven surfaces by electrostati-
cally spraying the same with a coating material of any
suitable type, such as paint, lacquer, enamel, or the
like.

Still another object of the present invention is the pro-
vision of such an electrostatic spray installation which
automatically - maintains a predetermined distance be-
tween the spray-electrodes and the surface of the object
to be coated by the spray-process.

A further object of the present invention resides in
the provision of a simple control arrangement which is
relatively inexpensive yet reliable, and which is respon-
sive automatically to changes in the distances between
the spray-electrodes and the surface of the objects to be
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coated to maintain a predetermined distance therebe-
tween, such control arrangement being responsive in par-
ticular to changes in the electric field current of the elec-
trostatic field due to changes in the electric field distribu-
tion.

A still further object of the present invention is the
provision of an electrostatic spray-installation which re-
duces the losses of the spray-material and therewith lessens
the cost connected with spraying large surfaces, such as
vehicle bodies, particularly of motor vehicles, while at
the same time improving the quality of the coating, espe-
cially as regards uniformity.

According to the present invention it is contemplated
that relative movement be achieved between a body to
be electrostatically coated and at least one spray-elec-
trode, this relative movement being generally parallel to
the surface of the body, and further, it is intended that
at least one of these spray electrodes be automatically
movable toward and/or away from the body to at all
times maintain a desired spraying distance with respect
thereto. In the case of spraying bodies, particularly
motor vehicles, which have generally flat sides, but very
abrupt changes in configuration along the top surface,
due, for example, to the different levels of the hood, roof
and luggage compartment lid, it is possible to energize a
plurality of spray-electrodes from a single high voltage
generator where only the overhead spray-electrode needs
to be adjusted due to irregularities in the body contour.
However, in the case of unrelated body contour changes
at more than one spray-electrode, the respective spray-
electrodes may be automatica'ly adjusted individually.

These and other objects, features and edvantages of the
present invention will become more obvious from the fol-
lowing description when taken in connection with the ac-
companying drawing which shows, for purposes of illus-
tration only, one preferred embodiment in accordance
with the present invention and wherein:

Figure 1 is a front view of an electrostatic paint spray
installetion with a movable spray-electrode in accord
ance with the present invention; :

Figure 2 is a top plan view of the installation of Fig-
ure 1; :

Figure 3 is a cross-sectiona! view taken along line 3—3
of Figure 1 on an enlarged scale;

Figure 4 is a view, partially in cross secticn and also
on an enlarged sca'e, showing the details of the sprayer or
diffuser head of the installation which carries the spray
electrode; and

Figure 5 is a schematic dirgram of the electric control
arrangement for the elecfrostatic spray-installation in ac-
cordance with the present invention.

The present invention consists in that changes in the
fie'd current of the electrostatic field between the spray-
electrode and the object to be coated are used to provide
contro! impulses for controlling an adjusting motor dur-
ing the movement of the obijects provided with non-uni-
formly shaped surfaces, such as a motor vehicle body,
past the spray installation. The control impulses, upon
amplificetion, are then used to control the drive for the
movement of the spray-electrode necessary for maintain-
ing constant the distance between the spray-electrode
and the respective surface to be coated thereby. For that
purpose, the current changes are electronically amplified
and are thereupon conducted to a reversing switch which
determines the prevailing direction of rotation of the ad-
justing motor. The adjusting motor causes the move-
ment of an insulating arm carrying the spray or diffuser
head provided with the spray-electrode.

Referring now more particularly to the drawing, where-
in like reference numerals are used to designate like
parts throughout the various views, and more particularly
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to Figures 1 and 2 in which a gantry-type spraying frame
is illustrated, reference numeral 6 designates insulating
arms which are arranged at the cross bearer 8 and at the
two upright standards or supports 9 and 10. The insu-
lating arms 6 carry thé spray- or diffuser-heads provided
with the spray electrode 11 and are movably guided at
the cross bearer 8 or at the supports 9 and 1§ in the
longitudinal directions of the respective frame parts. The
conduction or supply of current to the electrodes 11 takes
place from a frame 12 (Figure 2), which is connected
with the spraying frame and arranged parallel thereto,
over metallic arms 17 and flexible lines 7 and 7’ extend-
ing in part through the insulating arms 6 in the longi-
tudinal direction thereof.

In ordér to prevent undesired discharges at the corners
and edges, especially at the free ends of the insulating
arms 6, the insulating arms 6 are provided thereat with
protective hoods or covers- 32.

Each of the insulating arms 6 is arranged at a respec-
tive movable carriage 13 (Figures 1 and 3) which are
each provided with a plurality of rolls or runners 13"
Each carriage may be moved to and fro along a respec-
tive one of thé béarer members 8, 9 and 12 by the en-
gagement of rolls 13’ with appropriate V-shaped or pris-
matic guides 113 (Figure 3). The to-and-fro movement
of the carriages 13 in the longitudinal direction of the
bearer members &, 9 and 16 during the spraying process
takes place by separate appropriate mechanisms of any
suitable well-known type which form no part of the
presént invention and are; therefore, not described in de-
tail herein.

In the apparatus of Figure 1 when it is used for coating
a vehicle body, for example, each of the spray-electrodes
13 may be reciprocated to and fro generally parallel to
the respective supports or bearers 8, 9 and 10, but the
overhead spray electrode 11 movable at the cross bearer
& may also be provided with automatic axial adjustment
to adjust for the different contours of the body portions
46, 46’ and 46" of the vehicle illustrated in Figure 5.
Two upright supporting arms 15 and 15’ (Figures 1
and 3) are secured at the outer base plate 14 (Figure 3) of
the carriage 13 movable at the cross bearer 8. The arms
15 and 15’ support an essentially horizontal inwardly ex-
tending supporting plate 16. A further supporting plate
19 which is also secured at one end thereof to horizontal
supporting p'ate 16 and which is parallel to the inner
base plate 14’ of the carriage 13 extends downwardly
from the suporting plate 16. The supporting plate 19
is supported in any suitable manner on the inner base
plate 14’ and carries at the lower end thereof an essen-
tially horizontal inwardly extending base plate 2¢. An
essentially vertically disposed thereaded spindle 18, ro-
tateb'y, supported in the horizontal supporting plates 16
and 29, may be selectively driven in the one or the other
direction of rotation frém a pole reversing electric motor
21 suspended from the supporting plate’ 19 over a belt
drive 22 and over a reduction and angle gear drive (not
illustrated herein). A nut member 23 resting on the spin-
dle 18 carries the insulating arm & with the spray-elec-
trode 13 and moves the same upwardly or downwardly
depending upon the direction of rotation of the spindle
18, i.e., moves the same from the position 11 thereof
indicated in full lines to the position 1%’ théreof indi-
cated in dot-and-dash lines.

A further electric motor 24 is supported on the nut
member 23 which sets into rapid rotation the shaft 51
(Figure 4), which is suitably journalled within the in-
sulated arm 6, over an angular gear drive 133 and a
belt drive 133’ and therewith also sets into rapid rotation
the spray-electrode 11 which is dish-shaped and mounted
on the shaft 51, in order to distribute evenly over the
inner surface of the electrode 12 the spray material intro-
duced into the electrode at 48 through an appropriate
niozzle or the like. Each of the spray-electrodes 11 sup-
ported at the vertically extending bearers 9 and 18 is
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4
also provided with an electric motor 24 for providing
rapid rotation in a manner similar to that illustrated for
the overhead electrode.

A cylindrical part 50 (Figures 2 and 3) rotatably sup-
ported at a supporting bow-shaped member 49 carries at
the lower end thereof the arm 17 which supports the
current inlet line and at thé upper end thereof a guide
arm 17°. A pin 52 secured to the supporting plate 16
of the carriage 13 extends through a slot 53 (Figure 2)
of the guide arm 17’ so that the guide arm 17" and the
arm 17 rigidly connected therewith by the part 50 car-
ries out a to-and-fro movement in the same direction dur-
ing the to-and-fro movement of the carriage 13 in order
that the current supply line 7 may follow the cross move-
ment of the insulating arm 6 carried by the carriage 13.
The supply lines 25 and- 26 for the spray material and
for the air pressure determining the amount of spray
material respectively, are formed flexibly, at least in part
or sections thereof.

The control arrangement for the supply of current
to the pole reversing motor 21 is illustrated in the sche-
matic diagram of Figure 5.

The discharge current supplied from a high-voltage
source with constant-current supply or from an electro-
static generator 27 is conducted over current lines 28
and 7 to the respective insulating arms 6 and over a metal-
lic plate 29 arranged thereat, the securing bolts of which
(Figure 4) conductingly connect the same with a counter
plate 31 on the inside of the insulating arm 6. An insu-
lated line 7’ leads from the counter plate 3% to the bear-
ing 33 arranged at the head of the insulating arm 6 for
the rotary movement of theé spray-electrode 11 and which
conducts the current to the spray-electrode 11. As a
result thereof, the spray-electrode 11 and the spray mate-
rial supplied thereto through orifice 48 are charged to a
relatively high voltage with respect to ground.

The high-voltage constant current electrical source 27
may be of a type known in the present state of the art and
referred to, for example, in an article of Mr. W. Herchen-
bach entitled, “High-Voltage Production by Transporta-
tion of Induced Charges on Rotating Insulating Surfaces,”
in the Zeitschirift fuer Angerwandte Physik, 1955, volumeé
7, issue 1, pages 32 to 43, published by Springer Verlag,
Berlin-Goettingen-Heidelberg.

If 4 grounded metallic body, in the present case a
motor vehicle body 46, 46’ and 46’° connected with
ground through thé conveyor mechanism at 54, moves
along below the electrode 11, then the spray-material,
under the effect of the strong electric field which exists
between the electrode 11 and the grounded vehicle body,
is sprayed off the electrode 11, moved to and fro by the
carriage 13, along the field lines 55 in the direction toward
the surface of the vehicle body in order to provide the
same with a thin paint cover. In view of the fact that
the roof 46"’ of the vehicle body projects a considerable
distance with respect to the engine hood 46’ and the rear
luggage compartment lid 46, considerable variations of
the field current would take place during movement of
the vehicle body below and past the electrode 11 and
theérewith a strong, noticeable non-uniformity of the
sprayed-on paint cover at the different places of the
vehicle body 46 would result. In order to avoid this,
the insulating arm 6 together with the spray-electrode 11
is arranged movably a'so in the axial or longitudinal di-
rection thereof in a manner described hereinabove so
that the electrode 11 during passage of the vehicle body
46, 46”’, 46’ maintains continuously the same distance
from the individual parts of the surface of the vehicle
body corresponding to the dot-and-dash line 56 of Fig-
ure 5.

To obtain an automatic follow-up of an axially adjust-
able spray electrode 11, the following contro! arranges
ment is provided in accordance with the present invens
tion:

A circuit consisting of a plurality of series-connected
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resistances 34 and 34" which are effective as voltage
divider is connected in parallel with the electric circuit
through which the current for the electric field 55 is con-
ducted to the spray-electrode 11, During changes in
the distance of the vehicle body surface from the spray-
electrode, the characteristic of the field current is also
changed due to the accompanying changes in the field in-
tensity connected therewith. Since the sum total of cur-
rent supplied by the high-veltage constant-current source
27 remains constant, the current through the parallel
resistance branch circuit 34, 34’ changes to the same ex-~
tent as the field current and therewith the voltage appear-
ing between resistances 34 and 34’ alsp changes cor-
respondingly which voltage is applied to the control grid
35" of the amplifier tube 35. Thus there is a change in
the electrical condition in the control circuit as a result
of the change in distance between the spray electrode and
the vehicle body surface. Accordingly, the voltage on
the control grid 35" changes from a fixed predetermined
electrical condition or electrostatic field characteristic
corresponding to a desired constant distance between the
spray electrode and the body surface, this change acting
as pointed out hereinafter to effect restoration of the spray
electrode to a desired distance from the body surface.
The resistances 34 and 34" are connected with ground
over an indicating instrument 36, such as an ammeter to
indicate changes in a current. The anode or plate circuit
of the vacuum tube 35 includes the anode or plate 35",
the two resistances 37" and 137’ connected in series and
the plate voltage supply 37 the negative terminal of which
is connected to ground. The cathode 35’" of the ampli-
fier tube 35 is also connected to ground.

A circuit connected in parallel with the amplifier plate
circuit 357, 37’ and 137’ and consisting of series con-

nected resistances 37"’ and 137" is connected across the -

battery 37. The two circuits 35, 37’, 137’ and 37, 1377,
respectively, form a bridge with four legs formed by
amplifier 35 and resistance 37', resistance 137, variable
resistance 37", and resistance 137", Since such types
of bridge circuits in which any unbalance caus:s a voltage
to appear between the points 138 and 138’ are known a
detailed description of the operat'on thereof is dispensed
with herein.

A high-resistance current-indicating measuring dzvice
38 such as, for example, an electromagnetic relay means
comprising a moving-coil galvanometer with a zero posi-
tion .in the center of its sca'e and the usual movable in-
dicator shaft of which is connected with a movable con-
tact arm 47 to contro! the latter, is responsive to any

current which may exist due to unbalances in the bridge :

between the points 138 and 138’ iitermediate resist~nces
37’ and 137’, on the one hand, and resistances 37" and
1377, on the other. The resistances 37’ and 137’ and
37” and 137" are so matched to one another that with
a predetermined distance of the spray e'ectrode 11 from
the vehicle body 46 and therewith under predetermined
current conditions the bridge cross-current flowing
through the bridge current indicating device 38 is equal
to zero. With a change in the distance of the spray-elec-
trode 11 from the vehicle body a bridge cross-current will
flow from point 138 to point 138 or vice versa, depend-
ing on the sign of the deviation, i.e., increase or decrease
of this distance, whereby the movable contact 47 is moved
by movement of the indicator shaft of the moving-coil
galvanometer 38 into curreni-conducting contact with one
of the stationary contact members 40 or 41. As a result
thereof, the reversible adjustment motor 21 is energized,
to rotate in one or the other direction of rotation, over
the electromagnetical relays 44 or 45 connected to a suit-
able power source (not shown) at terminals D, as seen
in Figure 5, whereby the electric motor 21 moves the
spray-electrode 11 in the axial direction thereof for such
a length of time until the desired relative distance to the
vehicle body is re-established and therewith the transverse
bridge current again has become zero. The predeter-
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mined distance to be maintained may be adjusted by vary-
ing the variable resistance 37",

Since the lateral surfaces of the vehicle body shown in
the drawing lie essentially at all times in one and the
same plane so that the distance thereof from the frame
supports 8 and 10 and therewith from the lateral spray
electrodes 11 arranged thereat are not changed to any
extent during passage of the vehicle body past these elec-
trodes, it is not necessary in the illustrated embodiment
to form the lateral insulating arms 6 also axially mov-
able. However, it is within the purview of the present
invention, when coating objects with the strongly pro-
jecting lateral surfaces on the side walls thereof, to form
these lateral electrodes 11 also axially movable and to
control the movements thereof individually in the same
manner as described hereinabove with the overhead elec-
trode 11 which follows the contour of the objects of non-
un’form shape which are to be coated.

While we have shown and described one preferred em-
bodiment in accordance with the present invention, it is
understood that the same is not limited thereto but is
susceptible of many changes and modifications within
the spirit of the present invention, and we intend to cover
all such changes and modifications except as defined in
the appended claims.

We claim:

1. In an electrostatic spray insta'lation an arrange-
ment for. maintaining constant the distance of the spray-
electrode with respect to the surface of an object to be
covered during the electrostatic spraying of objects pro-
vided with relatively large non-uniformly shaped surfaces
comprising spray-electrode means, and control means
responsive to changes in an electric field between the ob-
ject and said spray electrode, s2id changes being changes
from a predetermined fixed field characteristic caused by
changes in distance between the object and said spray
electrode, s»id control means being operatively connected
with said spray-electrode means for maintaining constant
said -distance.

2. Tn an electrostatic spray apparatus the combination
according to claim 1, wherein said control means jncludes
amplifier means for controlling the position of the spray
electrode and resnonsive to changes in the electrostatic
field between said spray-electrode means and the object,
means operated by the output of said amp'ifier means to
adjust the position of said spray-electrode means with
respect to said object.

3. Tn an electrostatic spray installation an arrange-
me~t for maintaining constant the distance of the spray
electrode with respect to the surface of an object to be
co~ted dur'ng the electrostatic spraying of objects having
relativelv large non-uniformly shaped surfaces, comprising
an electrical control system including a high-voltage elec-
trical source producing a constant current supply for
co-ting of objects, spray electrode means energized from
said source, and electrical control means responsive to
changes in the spraying distance between said electrode
me~ns ~nd a surface of the object being coated by electri-
cal changes induced in said control means, said changes
being changes from a predetermined electrical condition at
said control means corresponding to a desired constant
distance between the spray electrode and a surface of the
ob'ect to be coated, said control means being operatively
connected with said spray electrode means and responsive
to the electrical changes induced therein for maintaining
constant the distance between the electrode means and
said surface.

4. The combination according to claim 3, including
means connecting said high-voltage source to produce an
electrostatic field between said spray electrode means
and the object being coated, said control means being
operatively connected to said electrode means for sensing
changes in, and adjusting, said distance to maintain it
substantially constant during movement of said objects
past the spray electrode means.

5. An apparatus according to claim 4, wherein said
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control means is responsive to changes in said electrostatic
field.

6. An apparatus according to claim 4, wherein said
control means is responsive to changes in the field cur-
rent of said electrostatic field.

7. An app'\ratus according to claim 4, wherein said
control means is responsive to changes in said electrostatic
field and includes amplifier means for controlling the posi-
tion of the spray electrode and having an input means,
and voltage divider means connected across the cutput
of said means which applies 2 high voltage to said elec-
trode means, and 2 circuit for connecting said input means
to said voltage divider means.

8. An apparatus according to claim 7, wherein s2id
amphﬁer means includes an output circuit, and further
comprising an adjusting motor for said spray-electrode
means, and means for selectively energizing said adjust-
ing motor by said output circuit.

9. An apparatus according to claim 8, wherein said
output circuit includes a bridge circuit, and means in-
cluding switch means for energizing said adjusting mofor
upon the occurrence of voltages due to unbalance in suid
bridge circuit.

10. Apparatus according to claim 9, wherein said bridge
circuit includes a plurality of electrical resistamces in
which current is dependent on a condition of said elec-
trostatic field.

11. An apparatus according to claim 4, wherein said
control means includes amplifier means for controlling
the position of the spray electrode and operated in
response to changes of said electrostatic field, said ampli-
fier means including an output circuit, rotatable drive
means for adjusting the position of said spray-electrode
means, and means connected with said output circuit in-
cluding electromagnetic relay means for actuating said
driving means for operation in one or the other direc-
tion of rotation.

12. An apparatus according to claim 11, wherein said
output circuit includes a moving-coil galvanometer and
means connecting the coil of said galvanometer with a
movable arm of said relay means to adjust the latter in
response to unbalances in said bridge circuit.

13. An apparatus according to claim 11, further com-
prising an insulating arm for supporting thereon said
spray-elecirode means, nut means connected with said
insulating arm, and a threaded spindle rotatable by said
drive means and cooperating with said nut means to ad-
just said spray-electrode means in the longitudinal direc-
tion of said insulating arm upon rotation of said spindle.
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14. An apparatus accordmg to claim 4, wherein said
control means-is responsive to changes in sald electrostatic
field and includes drive means selectively operated by said

‘last-mentioned changes, insulating arm means with nut

means for supporting thereon said spray-electrode means,
and a spindle operatively connected with said nut means
and driven by said drive means for adjusting said spray-
electrode upon rotation of said ‘spindle by said drive
means,

15. In an electrostatic spray installation an arrange-
ment for maintaining constant the distance of the spray-
electrode with respect to the surface of an object to be
covered during the electrostatic spraying of objects pro-
vided with relatively large non-uniformly shaped surfaces,
comprising spray-electrode means, means for applying a
high voltage between said spray electrode means and said
object to create an electrical field current therebetween
during spraying, and electrical control means responsive
to changes of the field current between said spray-elec-
trode and said objects caused by changes in said distance
by irregularities of the surface of said object and opera-
tively connected with said spray-electrode means for main-
taining constant said distance at a predetermined value.

16. Tn an electrostatic spray installation, an arrange-
ment for maintaining constant the distance of the spray
electrode with respect to the surface of an object to be
coated during the electrostatic spraying of objects pro-
vided with relatively large non-uniformly shaped surfaces
comprising spray electrode means, electrical sensing means
for sensing changes in said distance by electrical changes
induced therein, said changes being changes from a pre-
determined electrical condition corresponding to a desired
constant distance between the spray electrode and the
object to be coated and control means responsive to the
electrical changes induced in the electrical sensing means
and operatively connected with said spray electrode means
for maintaining constant the distance between the spray
electrode means and the object.
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