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(57) Abstract

An electrostatic spraying apparatus having an electrostatic sprayhead (5) and a deflector (9) comprising an electri-
cally conductive element (19) at least partially shrouded by electrically insulating material (17). The conductive element
(19) is charged to an electrical potential of the same sign as the charge applied to the sprayhead and the deflector (9) is so
positioned that charged spray droplets (15) are urged away from the deflector towards the crop (3). Leakage of charge
from the conductive element is reduced by the presence of the insulating material.
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ELECTROSTATIC SPRAYING APPARATUS

This invention relates to electrostatic spraying apparatus,

- .

especially to apparatus for electrostatically spraying agricultural
chemicals.

It has been proposed to spray Crops ;ﬁd the like with a
spréying apparatus which produces a spray of charged droplets (see
for e#ample our UK Patent No. 1569707). Such processes have the
advantage that the spray droplets are electrostatically attracted
to the crop. However, while this is normally advantageous it may
create a problem with deep foliage crops in that too much spray 1is
attracted to the surface leaves, thus reducing penetration.

In order to overcome this problemrit has been proposed to
use a metal air-deflecting surface which creates a down=-draft,
increasing penetration of the spray into the crop when the spraying
apparatus is moved over it. Unfortunately, there is a tendency for
the charged spray droplets to Ee attracted to the deflecting surface,
which is at about earth potemtial, causing excessive waste of spraying
liquid.

It has also been proposed to deflect charged spray droplets
towards a crop by metal wires which extend horizontally and rear-
wardly from a spraying boom and which, in use, are charged to a high

potential of the same sense as the charge applied to the droplets.,
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With this arrangement there is a leakage of charge whenever the

wires contact the crop or some other external object. There is also

a danger of an operator touching the wires and receiving an elec-.
trical shock.

According to the present invention there is provided
electrostatic spraying appafatus adapted to be moved across a crop
or other target and having an electrostatic sprayhead, and a
deflector comprising an electrically conductive element and an
elgment_which at least partially shrouds the conductive element, the
deflector being so positioned relative to the sprayhead that when
the conductive element is charged to an electrical potential in the
same sense as the charge applied to the sprayhead spray dropiets are
urged away from the deflector and towards the target, the shrouding
element being formed of a material having a_thickness, dielectric
strength and resistivity sufficient to prevent an electrical break-
down if the deflector is contacted by an eérthed object and to reduce
leakage of charge from the conductive element to the earthed object
whilst allowing electrical polarisation of the material by the
potential épplied to the conductive element.

The shrouding element may be made of a material which is
conventionally regarded:as a high voltage insulating material, such
as delrin, nylon or paolypropylene, Howévér, there are two.primaty
requirements for the shrouding matefial, both of which can be met
by lower‘grade materials suchras low grade polyvinylchloride having i

pigments or filling agents therein. First, the material of the
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shrouding element should have a dielectric strength such that a
?easonable thickness, say approximately 1 cm., is sufficient to
preven£ an electrical breakdown and a discharge between the conductive
element and an earthed object contacted by the material. For a
conductive element at a potential of approximately 40 KV, low grade
polyvinylchloride is satisfactory. A second requirement is that the
material of the shrouding element has sufficient resistivity to

reduce current leakage from the conductive element to'the.earthed
object, thus avoiding any strain on the generator providing the
voltage for the conductive element, but sufficient conductivity'for

the material to be polarised by the voltage applied to the conductive

element. This prevents any significant reduction in the magnitude

of the electric field established by the potential on the conductive

element. Typically, the resistivity of the material may be in the

range from 106 to 10ll ohm cms.

The invention will now be described, by way of example,
with reference to the accompanying drawings, in which:-

Figure 1 is a side view of an electrostatic spraying
apparatus according to the invention mounted on a tractor;

Figure 2 is a perspective view, partly in section, of a
part of the apparatus shown in Figure l; and

Figure 3 is a section of part of a deflector included in
the apparatus of Figures 1 and 2,

Referring to Figure 1 of the drawings, an electrostatic

spraying apparatus according to the invention is mounted at the rear
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of a tractor 1 which, in use, moves the apparatus over a crop 3.
The apparatus includes a series of electrostatic sprayheads 5
respectively disposed at spaced locations on a boom 7. Associated
with each of the sprayheads 5 is a deflector 9 for urging charged
spray droplets towards the crop 3.

Referring now to Figures 1 and 2, each sprayhead 5 includes

a nozzle 11 which is connected to a tank (not shown) containing

 spraying liquid. Each nozzle 11 is also electrically conmnected to a

source 13 of high electrical potential via a lead l4. The source 13
charges the nozzles 11 to a high voltage in the range of 10 - 40 KV,
Adjacent each nozzle 1l is an earthed or relatively low potential
field-adjusting electrode (not shown). Each sprayhead produces a
cloud 15 of charged spray droplets which are attracted to the crop 3,
which is generally at earth potential.

As shown in Figures 1 and 2 of the drawings, the deflectors
9 extend rearwardly and downwardly from the boom 7. As shown in
Figures 2 and 3, each deflector 9 includes a conductive element 19
embedded in a sheet 17 of insulating material, which serves as a
shrouding ele&ent. The sheet 17 is formed of two layers 21 with the
conductive element 19 disposed between the layers in the form of a
sandwich. ‘

A major part of each deflector 9 is arcuate in sectiom,
typically forming a quadrant of a circle. At a forward end of the
deflector 9 there is an upstanding mounting flange 23 which is

attached to the boom 7 by bolts 25.
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The conductive element 19 of each deflector 9 includes a

.series of evenly spaced, parallel arranged wires 27, each connected

at its forward end to a cross-wire 29. Each créss-wire 29 is
connected to the source 13 via an electrical lead 31 and the above=
mentioned lead 14. A typical operating voltage for the wires 27 lies
in the range of 2 - 40 KV and has the same péiarity as the polarity
of the charged spray droplets.

In operation, the tractor 1l is dri&én over a field so that
the booﬁ 7 carrying the sprayheads 5 and deflectors 9 passes over
the crop 3, as shown in Figure 1 of the drawings. Each nozzle 1l is
supplied with liquid from the tank and with a high electrical
potential from the source 13.

As shown'in Figures 1 and 2, charged spray droplets emerge
from the nozzles 11 to form the clouds 15. Some of the droplets in
each cloud 15 move rapidly downwardly on to the crop. In the absence
of the deflectors 9, however; there is a danger of many droplets
being repelled by other droplets in the cloud and drifting away
from the crop 3 into the air.

It is to prevent such drift that the wires 27 of the
deflectors 9 are connec;ed to a high electrical potential of the same
polarity as the charge on the spray droplets. The potential diffe-
rence between each deflector 9 and the crop 3, which is generally at

earth potential, produces an electrostatic field having lines of

force which emerge from a deflector in a direction generally perpen-

dicular to the surface thereof and which enter the crop im a direction
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generally perpendicular to the ground. The effect of the electro-
static field is therefore to repel charged spray droplets away fromr
the deflectors 9 and towards the crop 3. Since the wires 27 of the
conductive element 19 are completely shrouded by the sheet 17 of
insulating material, the wires do not come into contact with the
crop 3 or with other external objects which would tend to earth the
wires and cause excessive leakage of charge. A very modest power
source is thus sufficient to maintain the con&uétive element 19 at a
high potential. Moreover, the presence of the sheet 17 prevents an
operator touching the element 19 and receiving an electrical shock,
and it also prevents charge leakage when the apparatus is-operated
in wet conditions.

During forward movement of the apparatus over the crop 3,
the deflec;ors'9 produce a downdraft of air which further increases
the penetration of spray into the crop. This is especially beneficial
when it is desired to treat the lower regions of a crop against, say,
fungal spores. The deflectors 9 may also be inclined to the direc-
tion of forward movement so as to produce a sideways movement of air.

Operating variables such as dimensions, shapes and eir
speeds will naturally depend upon a variety of factors such as the
structural characteristics of the materials-.used, the crops being
sprayed and the capacity of the vehicle on.which the apparatus is
mounted.

For example, with a tractor speed of 2 metres per second

and nozzles 0.4 metres above the crop, the deflectors may extend a

B
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horizontal distance of 0.4 metres behind the sprayheads. Each
deflector curves downwards towards the target crop, and depending
upon the desired level of penetration may terminate above, at or
below crop height (with narrow-leaf crops such as cereals or broad-
leaf crops such as soya). The forw§rd ends of the deflectors would
normally be attached to the boom a few centiéetres above the nozzles.'
Generally the optimum horizontal extent of the deflector
will increase with tractor speed and height o% nozzles above crop.
With tractor speeds in the range up to 5 metres per second
(very high according to present practice) and nozzle heights up to
0.6 metres above the crop, a horizontal extent of deflector up to

3.0 metres would be appropriate but at this length structural

problems are likely.

It is found that a downdraft of air of up to about 0.9
times the forward speed of the vehicle may be obtained subject to
other operating variables.

In the apparatus of Figures 1 to 3 the wires 27 are copper
and the layers 21 of the sheet 17 are made of delrin. Instead of
delrin it is possible to use some other material which is not
degraded by exposure to‘sunlight or chemical solvents, for example
nylon.

The series of parallel wires 27 can be replaced by a net-
work of wires or by a metal sheet or foil. The sheet 17 can be

formed of a single layer having the conductive element moulded therein.

The deflectors 9 may extend rearwardly and horizontally

b ey e
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oy

the series of deflectors 9 there may be a single deflector which
extends over the full length of the boom. In this case, it may be
necessary to provide ome or more ground engaging wheels for supporting
a rear end of the deflector.

It will be appreciated that the conductive element need not
be embedded in the insulating material, it being sufficient in some
instances to arrange the insulating material so as to shroud the
element sufficient to prevent contact with the crop.

Instead of connecting each conductive element 19 to the .
source 13, the deflectors 9 can also be charged by means of a pointed
electrode in the vicinity of the mnozzle, say, directed at the defle-
ctor and maintained at a high potential. The electrode produces a
corona discharge which fapidly charges the deflector by ion bombard-
ment. |

Although the invention has been described with reference to
the spraying of agricultural chemicals from a tractor-mounted boom it
will be apparent to those skilled in tﬁe art that other vehicles
could be used e.g. airplanes and that the apparatus could be adapted
for the spraying of other fluids whether in powder, liquid or other
fluid form. ‘

Forms of electrostatic sprayhead other than that described

iy

(e.g. those operating by indirect induction charging) may also be

[

employed.
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1. Electrostatic spraying apparatus adapted to be moved across
a crop or other target and having an electrostatic sprayhead, and a
deflector comprising an electrically conductive element and an
element which at least partially shrouds the conductive element, the
deflector being so positioned relative to the sprayhead that when

the conductive element is charged to an electyical potential in the
same sense as the charge applied to the sprayhead spray droplets are
urged away from the deflector and towards the target, the shrouding
element being formed of a material having a thickness, dielectric
strength and resistifity sufficient to prevent an elactrical break-
down if the deflector is contacted by an earthed object and to

reduce leakage of charge from the conductive element to the earthed
object whilst allowing electrical polarisation of the material by the

potential applied to the conductive element.

2. Electrostatic apparatus as claimed in claim 1, wherein the
shrouding element is formed as a sheet and the conductive element is

embedded in the sheet.

3. Electrostatic ‘apparatus as claimed in claim 1 or 2, wherein
the conductive element comprises a series of evenly spaced, parallel

arranged wires, a network of wires or a sheet or foil.

4, Electrostatic apparatus as claimed in any one of the

preceding claims, wherein the deflector is so arranged as to create
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a current of air which also urges the charged spray droplets towards

.the target as the deflector is moved across the target.

5. Electrostatic apparatus as claimed in claim 4, wherein at

least part of the deflector is arcuate in section.

5 6. Electrostatic apparatus as claimed in any one of the
preceding claims, wherein a source of high voltage is electrically

connected to the conductive element.

7. Electrostatic apparatus as claimed in any one of claims 1

to 5, wherein an electrode is disposed adjacent to the deflector and
10 is connected to a source of high voltage, whereby, in use, the

conductive eiement_is charged to the said electrical potential by a

corona discharge between the electrode and the deflector.

8. Electrostatic apparatus as claimed in any one of the

preceding claims, comprising a spray boom, a series of sprayheads
15 respectively mounted at mutually spaced locations on the spray boom,

and at least one deflector so arranged as to extend rearwardly and

downwardly from the boom as the boom is moved across the target.

S. Electrostatic "spraying apparatus constructed, arranged and
adapted to operate substantially as hereinbefore described with

20 reference to, and as illustrated in, the accompanying drawings.
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