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This invention relates to a new and improved method
for increasing the coefficient of friction between metal
surfaces capable of movement relative to each other,
and to apparatus for doing so, and, more specifically, to
a new and improved metylod of, and apparatus for apply-
ing antl-shp material which is partlcularly well adapted
for increasing the coefficient of friction between locomo-
tive wheels and the rails on which they run.

It is a primary object of the present invention to en-
able dry, or substantially dry anti-slip material to be
applied to relatively movable metal surfaces, such as, for
example, locomotive wheels or railroad rails, or both, in
a novel and expeditious manner.

The past several decades have produced railway loco-
motives possessing great power and weight, thus enabling
long, heavily laden trains to be pulled by single engines.
With the advent of the extremely heavy locomotive it
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treating material to be applied to railroad rails, and the

. like, in a novel manner whereby it is stable and effective

10

15

20

at temperatures below the freezing point of water.

Another object of the present invention is to enable
the frictional contact between metal surfaces, or between
non-metal surfaces backed by metallic Iayers, to be im-
proved in a novel and expeditious manner.

An additional object is to provide a novel method for -
depositing anti-slip materials in dry, or substantially dry
powdered form to a railway wheel or rail, or both, in
such a manner that the material is immediately effective
to perform its anti-slip function.

Another object of the present invention is to enable
a novel rail or wheel treating system to be afforded, which
may be mounted immediately in front of the main driver
wheels of a locomotive, or other wheels of a train, or the
like, and which will be effective, in a novel and expedi-
tious manner, to apply anti-slip material to the rail or
wheel, or both, at such times, and in such quantities, as
may be required to effectively increase the coefficient of
friction between the rail and the wheel.

Yet another object of the present invention is to pro-
vide a novel method for substantially preventing slippage

" between a railway rail and a locomotive wheel, or the -

25

was felt that driving wheel slip would be eliminated. It \

was soon discovered, however, that the increased static
weight carried on the driving wheels did not solve the
problem to any great extent. Track sanding techniques
were developed but this only partially alleviated the con-
dition. Wheel slippage has proved to be an erratic condi-
tion which has not in all cases been satisfactorily ex-
‘plained.

In one explanation of the problem rail slip is ‘said to
result from a tough invisible oil film on the wear band of
the rail. Traffic and heat - destroy this film and high ad-
hesion results. When a light rain occurs or when the
rails reach the dew point as the result of relatively high
humidity, a water vapor film forms across the wear band
where it may contact oil deposits on the edge of a rail with
‘the result that a film of oil creeps through and replaces
the water film. The oil deposits on the rail surface act
as reservoirs for the formation of new oil films and water
acts as the transporting agent. The oil deposits on the
rail come from journal box oil leakage by way of the
outside face and outer portion of the tread of the car
wheels. There are other sources of contamination such
as road crossings, rail lubricators, and the like.

The importance of solving the problem is strikingly
illustrated when it is realized that only 15% of the en-
gine’s weight can be utilized as tractive force when the
rails are greasy and moist, and 30% when the rails are
clean, dry and sanded. Even a small improvement in
these figures, as expressed in the terms of increased co-
efficient of friction, would enable railway locomotives to
operate more efficiently and economically as well as pro-
viding improved braking for railway locomotives and
rolling stock.

It is an important object of this invention to enable the
coefficient of friction between railway car wheels and
rails, and the like, to be raised in a novel and expeditious
manner,

Another object is to raise the coefficient of friction be-
tween railway car wheels and rails having a film of oil
thereon.

Yet another object of the invention is to enable an
anti-slip material to be applied to rails in a novel manner
whereby it is relatively easy to apply and will remain
stable over prolonged periods of time.

A further object of the invention is to enable a rail
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like, by coating the wheel or rail, or both, with a dry
slip-inhibiting material in a novel and expeditious manner.

Another object of the present invention is to enable
anti-slip material to be electrically deposited in a novel
and expeditious manner on metal surfaces capable of
movement relative to each other.

Another object is to afford a novel method of coating
metal surfaces with dry anti-slip material by depositing
such material, which may be electrically charged, on the
surfaces in the presence of an electrostatic field.

A further object of the present invention is to enable
dry anti-slip materials, in extremely fine powdered form,
to be effectively deposited and retained, in a novel and
expeditious manner, on metal surfaces capable of move-
ment relative to each other, such as, for example, rail-
road wheels and rails,

An ancillary object is to enable such fine dry anti-slip
materials to be so deposited and retained on relatively
movable metal surfaces even in winds of relatively high
velocity. .

Other and further objects of the present invention will
be apparent from the following dmnptwn and claims
and are illustrated in the accompanying drawings which,
by way of ﬂlustratlon, show preferred embodiments of
the present invention and the principles thereof and what
I now consider to be the best mode in which I have con-
templated applying these principles. Other embodiments
of the invention embodying the same or equivalent prin-
ciples may be used and structural changes may be made
as desired by those skilled in the art without departing
from the present invention and the purview of the ap-
pended claims.

In the dtawmgs.

FIG. 1is a dlagrammatm view of apparatus embody-
ing, and operable in accordance with, the principles of
the present invention;

FIG. 2 is an enlarged detail perspective view of the
nozzle forming a portion of the apparatus shown in FIG.
1, with certain parts broken away;

FIG. 3 is a perspective view, somewhat similar to FIG.
2, but showing a modified form of nozzle;

FIG. 4 is a perspective view somewhat similar to FIG.
2, but showmg another modified form of nozzle; and

FIG. 5 is a sectional view taken substantlally along
the line 5—5 in FIG. 4.

In FIGS. 1. and 2 of the drawings apparatus con-
structed in accordance with the principles of the present
invention is shown to illustrate one form of apparatus
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embodying the principles of the present invention, and
the manner of practicing the present invention.

In general, the apparatus shown in FIGS. 1 and 2 em-
bodies a nozzle 10 to which a supply of dry powdered
anti-slip material may be fed for application to a suit-
able metal surface, such as a railroad rail R. The anti-
slip material may be fed to the nozzle 10 through a
suitable conduit 12 and a suitable feed mechanism 14
from a suitable source of supply 16 of the anti-slip ma-
terial. The feed mechanism 14 may be of any suitable
type of mechanism capable of effectively spraying dry,
powdered anti-slip material from the supply source 16
into the conduit 12, through which it may be borne, by a
suitable working fluid such as, for example, air, passing
through the conduit 12, into the nozzle 10. Such suit-
able feed mechanism includes any suitable type of powder
spray gun or flock gun commercially available on the
market capable of feeding powdered material there-
through. The outlet end of the gun 14 is directly con-
nected to the end of the conduit 12 opposite to that
end to which the nozzle 16 is connected. An air line 18
is connected to the air inlet end of the gun 14 for feeding
a sujtable working fluid such as, for example, compressed
air thereto through suitable pressure controls 20 from a
source of supply of compressed air, not shown.

In the operation of the apparatus shown in FIGS. 1
and 2, the powdered material will be deposited on and
adhered to a suitable metallic surface such as, for ex-
ample, the rail R, FIG. 1, as will be discussed in greater
detail presently.

The nozzle 10 embodies a tubular-shaped housing 22
having a rear end wall 24, through which one end of the
conduit 12 extends, and a nozzle tip 26 at the front end
thereof having a centrally disposed discharge orifice 28
therein, FIGS. 1 and 2. The body portion 22 may be
made of any suitable, electrical insulating, dielectric ma-
terial such as, for example, rubber, a suitable plastic, or
the like, and the nozzle tip 26 may be made of any suit-
able electrically conductive material such as, for ex-
ample, aluminum, or the like. The nozzle tip 26 may
be secured to the front end of the tubular member 22 by
suitable means such as screws or bolts 30.

A substantially L-shaped needle or pointed wire 32
made of suitable electrically conductive material such
as, for example, aluminum, copper, or the like, is mount-
ed on the nozzle tip 26 in good electrical contact there-
with by suitable means such as, for example, being
threaded thereinto. One end portion 322 of the needle
32 is directly attached to the front of the nozzle tip 26
below the orifice 28, and the needle 32 projects for-
wardly from the tip 26, and curves upwardly in such
position that the free end 32b of the needle 32 is disposed
on the longitudinal axis of the orifice 28. The needle
32 tapers to a sharp point at its free end 325 for a pur-

pose which will be discussed in greater detail presently. 5

One end of an electrical conductor 34 is connected by
a suitable connector post or terminal 36 to the nozzle
tip 26, and the other end of the conductor 34 is con-
nected through a switch 38 and a conductor 40 to a suit-
able source of high voltage 42, FIGS. 1 -and 2. The
other side of the high voltage source 42 is connected by
a suitable conductor 44 to the metal member on which
the anti-slip material is to be deposited, which in the
showing of FIG. 1 is the rail R, for a purpose which
will be discussed in greater detail presently.

In the practice of the preferred form of the present
invention, a suitably dry, or substantially dry, anti-slip
material is deposited on either one or both of two metal
surfaces, capable of movement relative to each other,
in the presence of an electrostatic field. Materials which
have been found to be particularly useful in the practice
of this invention include finely powdered sand, silica and
CaCOj, and various types of dry colloidal silica com-
mercially available on the market such as, for example,

10
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colloidal silica sold on the market under the trade names
“Cab-O-sil,” “Hy-Sil,"” and “Syloid.” However, it will be
appreciated by those skilled in the art that other anti-
slip materials, which can support an electric charge, may
be used without departing from the purview of the pres-
ent invention. .

An important aspect of this invention is that by the
practice thereof, finely divided sand, silica, or other suit-
able anti-slip materials may be effectively applied to the
contacting surfaces of relatively movable metal mem-
bers in a dry or substantially dry state, to thereby im-
mediately afford effective anti-slip materials of high ef-
ficiency between the two members.

Stated in a simple manner, the present invention con-
templates applying dry powdered anti-slip materials to
the bearing surfaces of either one or both of two rela-
tively movable metal members such as, for example, a
locomotive wheel and the rail on which it runs, through

~ the medium of a novel electrostatic electrode system.
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The powder deposited on the surface of the metal mem-
ber, or members, by the electrostatic process embodied
in this invention, results in a strongly adherent dry coat-
ing which has effective anti-slip characteristics.

The size of the anti-slip materials which have been
found particularly useful for the purposes of this in-
vention are particles as small as five millimicrons and as
large as the largest particles which will pass through a
No. 100 sieve (U.S. sieve series), or, in other words,
approximately one hundred and forty-nine microns, with
the range of particle sizes which it is preferred to use
being between fiften and forty-five millimicrons.

The method of applying antislip material to metal

" surfaces which is embodied in this invention comprises
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depositing dry, or substantially dry, solid particles of the
anti-slip material on metal surfaces by a process in which
the increased force and adhesive properties necessary
for depositing are imparted to the solid particles. These
forces and properties are impressed upon the air-sus-
pended particles by the interaction between an electric
field maintained with an electrode system and a charge
induced on the surface of each particle. In essence, each

. particle of the anti-slip material acquires an electric
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charge by its passage through a field in which ions of
proper polarity are present. The charged particles then
drift or are impelled to a collector electrode under the
influence of an electric field. The collector electrode is
the metal member on which it is desired to deposit the
particles of anti-slip material such as, for example, a rail-
road wheel, or a rail, such as the rail R, FIG. 1.

The two above mentioned basic steps in the present
novel method, namely, (1) the charging of the particles
of the anti-slip material, and (2) the depositing thereof
on a collector electrode, may be performed in the prac-
tice of the present invention by a single electrode system
such as is shown in the drawings, or by two separate elec-
trode systems, not shown. In the single electrode system,
the electrode for charging particles and the source of the
electric field for impelling the charged particles to the
collector electrode are the same. In the two electrode
system, the particles may first be charged, and then trans-
ferred to a second electrode system for attracting them
toward the collector electrode. The present invention
contémplates the charging of fine particles of anti-slip
material and adhering the materials, by an electric field, to
either one of two metal bearing surfaces, or both, such as,
for example, a railroad wheel and the rail on which it
bears, by either a single electrode system or a multiple
electrode system.

In the practice of this inventjon, the particles of anti-
slip material are first mixed with air so that the particles
become airborme. This may be accomplished in the
apparatus shown in FIG. 1 by passing compressed air
from a suitable source of supply through the pressure
control mechanism 20, the conduit 18, and the spray gun
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14, into the conduit 12 and then into the nozzle 10. The
passage of air through the gun 14 is effective to pick up
the powdered anti-slip material from the storage supply
16 and to bear it through the conduit 12 into the nozzle
10, from whence it is discharged through the orifice 28 of
the nozzle tip 26. i

Charging of the particles of anti-slip material, in ac-
cordance with the present invention, is caused by the pas-
sage of the particles through ionized gas generated by an
incipient corona-discharge or by a corona-discharge. The
effectiveness of the charging of the particles is dependent
upon the production of a large number of ions by the
corona and the effective transfer of electrical charge from
the ions to the particles.

When an increasing potential difference is applied be-
tween electrodes, such as a pointed wire and a plate, the
voltage gradient at-the wire attains a critical value result-
ing in an electrical breakdown of the gas surrounding the
wire. - When the voltage gradient attains the aforemen-
tioned critical value, sparking results. - If the gasis air at
atmospheric pressure, the air so breaks down at approxi-
mately 30 kv./cm. The breakdown is caused by the high
field strength near the point of ‘the corona wire and re-
sults in a bluish glow surroundmg the tip, which is a
corona discharge.

In order that many ions may be produced in such a
gas in the vicinity of such a corona wire, a high field
strength is required. Hence, in the practice of this in-
vention it is desirable that as high a field strength as is
possible be used without causing continuous arcing. How-
ever, it has been found that in the practice of this inven-
tion, excellent depositing of anti-slip materials can be
achieved with voltages applied between the pair of elec-
trodes which are only a small fraction of the voltages
necessary to cause a corona discharge. Hence, it will be
seen by those skilled in the art that field strengths which
are eonsiderably less than that necessary to cause arcing
between the pair of electrodes may be used in the prac-
tice of the present invention without departing from the
purview of the invention.

In the apparatus shown in FIGS. 1 and 2, the needle
or wire 32 is the aforementioned “corona wire” thereof,
and affords one of the two electrodes between which the
aforementioned increasing potential is applied. The rail
R is the other of the two aforementioned electrodes,
namely, the “collector” electrode, in the apparatus shown
in FIGS. 1 and 2 of the drawings.

In the practice of the present invention, either a posi-
tive potential or a negative potential may be used for the
corona wire, such as, for example, the wire 32, the choice
being dependent, to some extent, upon the characteristics
of the particles of the specific anti-slip materials used. In
most instances, however, a negative potential applied to
the corona wire is more efficient for the purposes of this
invention, because a negative corona may be normally
operated at a higher potential before the aforementioned
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breakdown of the gas occurs, and, hence, such operation -

is normally accompanied by a stronger electric field than
if a positive corona were used. Furthermore, a negative
corona wire has a higher potential gradient near its sur-
face than does a positive corona wire.

The minimum voltage at which a corona discharge may
be formed, and which provides sufficient ions to charge
the particles of anti-slip material in accordance with the
present invention, is dependent upon the size and shape
of the corona wires, such as the wire 32, and the spacing
between the electrodes, such as the wire 32 and the rail R,
as well as the configuration of the electrode system.

‘When the corona wire, such as the wire 32, has a nega-
tive potential with respect to the collector electrode, such
as the rail R, positive ions in the gas surrounding the wire
bombard the wire and liberate free electrons. The free
electrons, which are so liberated, are repelled from the
wire by the ficld and form negative ions by attachment
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the collector electrode, such as the rail R, as a'unipolar
space charge. The motion of these ions causes a charg-
ing current to flow in the electrode system. The extent
to which negative ions form is a function of the type of
gas and the temperature and the pressure thereof. It is
to be noted that the cloud of ionized gas is the same
polarity as the corona wire.'

In accordance with the theory of operation which is
believed to -be correct in connection with the present in-
vention, when solid particles of anti-slip material such as
sand, silica, and the like, are present in the. gas at the
same time as the negative jons, a small proportion of the
ionized gas molecules collide with and attach themselves
to the particles of anti-slip material. - The particles of
material then acquire an electric charge of the same sign
as the corona wire, such as the wire 32, and are thereby
propelled or attracted to the collector plate, such as the
rail R, to which they then adhere.

After the particles are thus deposited on the collector
plate, the charge previously acquired by the particles
tends to leak off. If the collector plate, such as the rail
R, were ‘absolutely clean, such leak-off would be accel-
erated. However, in the practice of this invention the
bearing surfaces which normally are treated are not nor-
mally absolutely clean, and, in fact, in most instances are
quite dirty. Thus, for example, a railroad rail, which
is particularly well adapted for treatment in accordance
with the present invention, is normally covered with a
film of moisture, oil, dirt, or the like. In such instances,
the charged particles which are propélled toward the
collector electrode, such as the aforementioned rail, do
not touch the metal and the leak-off of their charge to the
ground is retarded. The finite separation of the charged
particles from such a normal collector electrode causes
image charges below the surface of the rail which pro-
vide an attractive force to the particles deposited on the
rail by the electrostatic system in the practice of the
present invention. The particles so deposited “are at-
tracted to the image charges singly and in clusters. The
efficiency of the adhesion of the anti-slip materials so
deposited on a rail, or the like, depends on several fac-
tors, including the ability of the particles to retain their
charge, the electric polarization, and the moisture which
is present in the gas and in and on the particles.

Two processes can effect electrical charging of fine
particles of material. These are known as (1) bombard-
ment charging and (2) ion diffusion charging.

In bombardment charging of particles, ions of gas,
moving rapidly under the influence of an applied field,
collide with the solid particles and attach themselves to
the surfaces of the particles. The strength of the charge
which is acquired is dependent upon the strength of the
charging field, the surface area of the particles, the di-
electric properties of the material, and the time the par-
ticles are subjected to the chargmg action of the field.
Thus, in general, it may be said that, everything else
being equal, the charging of such particles is more effi-
cient with large size particles. However, smaller size par-
ticles have several distinct advantages in the practice of
the present invention, such as, for example, affording’
more efficient action as an anti-slip- material and, also,
saving less tendency to ricochet or bounce from the col-
lector electrode to which they are being applied. It has
been found that the present invention affords a highly
effective method of coating a metal surface, and the like,
with antl-slip material of powdered form wherein the
particles sizes are very small, as well as with larger size
particles.

In the process of charging by ion diffusion, thermal
motion of the ions causes diffusion through the gas.
Charging of solid pamcles in such a process is dependent
upon collisions of such ions with the particles irrespective
of the presence of an electric field. The amount of charge
acquired by such particles in this process depends upon

to the gas molecules.  These negative ions move toward 75 the particle size, the characteristics of the gas, the gas



- ‘ 2,995,393

temperature, and the time available for charging. An
example of jon diffusion charging is the charge acquired
by finely divided particles of material held in a container,
with the container then being agitated.

Charging of the particles of anti-slip material in ac-
cordance with the present invention is a combination of
both ion diffusion charging and bombardment charging,
although ion diffusion charging has an effect only on the
smaller particles, and the greater part of the charging is
accomplished by bombardment charging.

As the charge on a particle increases in its passage
through the charging field, the repulsive. force between
it and the oncoming ions of the same sign increases until
a limiting charge is acquired. The number of elementary
charges acquired in the charging process is given by
Equation 1, '

-7
¢ T
(‘+; Nek
where

n=number of elementary electronic charges
e=elementary electronic charge

1=time

a=particle radius

E =field strength

N=ion concentration

k=ion mobility

All units are in E.S.U. system. If the particles travel a
short distance, the limiting charge is acquired rapidly
and it can be assumed that this charge is given by Equa-
tions 2 and 3.

n

(n

q=pE.a? 2)
where p=3 for a conducting particle.
p=% for a non-conducting particle of 3)
*+2 dielectric constant d

For the latter an average for p is between 1.5 and 2. It
is seen that the charge acquired by the anti-slip particle
is proportional to the surface area and to the strength
{voltage gradient) of the charging field. For a field
strength of 10,000 volts per inch, and for a particle having
a radius of 30 millimicrons, the charge is approximately
0.4 elementary charge.

For the case of the anti-slip particle acquiring a charge
by the ion diffusion process, caused only by the presence
of the thermal motion of jons, the number of elementary

charges is given in Equation 4.
eKT rasNet
n=— In [1-]— BT ] 4)

where the symbols are the same as in Equation 1 with
the addition of the following:

=absolute temperature
K=Boltzmann’s constant
s=R.M.S. velocity of ions

The rate of acquiring the number of elementary charges
is given by Equation 5.

%’-:=_1ra’sN exp. [—a—%] (5)

1t is seen that the rate decreases as the number of charges
acquired increases.

Investigation of Equations 1 and 4 for various condi-
tions shows that for particles near 1 micron diameter the
bombardment charging and ion diffusion charging yield
approximately the same limiting charge. For particles
less than 1 micron diffusion charging may predominate
and for particles much greater than 1 micron bombard-
ment charging predominates. To some extent the par-
ticles which become charged in the electric field disturb
the uniformity of the field. The total charge per unit
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(1]

8 .
volume which is acquired by the stream of particles ac-
quiring the charge from the ionized gases is given ap-
proximately by the total charge as given by Equation 2
summed over the total number of particles in a unit vol-
ume of the gas.

It was noted- earlier that an electrostatic depositing
system such as that to which this invention relates, can
make use of a single-stage or a two-stage electrode system.
The second stage is used to accelerate the charged par-
ticles toward the collector electrode. If the field strength
in this part of the system is designated E;, then the force
on the particle which is being impelled toward the col-
lector electrode is given by Equation 6.

Fy=gE;~=pEE,a® (6)
If the corona producing system propels the charged par-
ticles of anti-slip material vertically toward the collector
plate, such as the rail R, FIG. 1, there is a vertical ve-
locity due to the electric field which is counteracted by
the viscous drag acting on the particle.
Equation 7 represents this viscous drag.

Fa=6wxauw

Q)]
where u is the belocity of the gas in poises and w is the
drift velocity of the particle. For steady state conditions
the two forces given by Equations 6 and 7 are equal,
hence, the drift velocity is given by Equation 8.

_pE.Epa
w-———————ﬁﬂ‘ 8
where
w= O.IGMD—Q- for a conducting particle 9)

m

w=0.095@ for a non-conducting particle (10)

Thus it is seen that the drift velocity is not much affected
by the electrical properties of the charged particles but
it is materially affected by the size of the particles and
particularly by the voltage gradient in the charging and
accelerating electrode systems. For a single-stage system,
where the same electrode system is used to produce the
ionized gas and to provide the accelerating field, E.—E,),
thus emphasizing that, for high efficiency in depositing
anti-slip material, high voltage gradients are desirable.
If the charged particles are emitted from an electro-
static nozzle system a distance 4 above a rail of width
H, and if a crosswind of W units is present, then in order
that the charged particle never be deflected more than
the width of the rail, if the particle drops initially at one
edge of the rail, then it is necessary for Equation 11 to

hold.
w. h

In an actual situation, A may be two inches, and the
width of the rail may likewise be two inches. Therefore,
the condition to be achieved is for the drift velocity to
be equal or greater than the wind velocity.

In actval practice while optimum deposition and ad-
herence for a wind velocity of one mile per hour theo-
retically requires a field strength of approximately 54
kv./in. and a wind velocity of 60 miles per hour theo-
retically requires approximately 425 kv./in., effective dep-
osition and adherence of fine colloidal silica and other
types of finely divided discrete non-electrically conduc-
tive particles can be obtained on a railway rail by apply-
ing the said particles to a rail from an electrostatic nozzle
system as herein described mounted on a diesel electric
locomotive with the nozzle opening 1.5 inches from the
rail, using 30 kilovolts.

In an actual installation on a railroad train, or the like,
the apparatus shown in FIG. 1, with the exception, of
course, of the rail R, may be mounted on and carried
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by the train, - The air supply to the pressure control 20
may be from any suitable source, such as, for example,
the source of compressed air used to actuate the brakes
of the train. . The pressure control 20 is preferably such
that it will effect adjustment of air pressure-at the outlet
thereof from zero: pounds. per square inch to thirty
pounds per square inch. The power supply 14 and the
supply 16 of anti-slip material may be mounted in the
train and the conduit 18, connecting the power supply
14 to the pressure control 20 .may be of any suxtable type
such as, for example, a rubber hose.

The nozzle 10 may be mounted outside the train. in
suitable position' to discharge the anti-slip material
through the orifice 28 directly onto the metal surface such
as the rail R a short distance in front of the wheel ‘which
it is intended to prevent from slipping.. Thus, for ex-
ample, when the wheel which it is desired to prevent from
slipping is one of the driver wheels of a locomotive, the
nozzle 10 may be secured to the framework of the loco-
motive by suitable means such as a bracket 46 and bolts,
not shown. Preferably, the nozzle 10 is so disposed on
such a locomotive that the orifice 28 is disposed forwardly
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of the wheel, with which it is associated, a distance of

from two to six inches.

The high voltage source 42 may be any suitable type
of generator which may be carried by the train, and- the
negative terminal thereof is connected by a Ime ‘40 and
the switch 38 to the nozzle 26 and, thereby to the corona
needie 32. The positive terminal of the high voltage
source 42 is connected by the line 44 to the rail R.. This,
in effect, is the ground connection and on a locomotive,
this connection may be made to the rail R by connecting
the positive terminal of the voltage source 42 to the axle
or framework of the locomotive and thus through the
locomotive wheel to the rail R.

It has been found that to insure good depositing and
adherence of anti-slip materials on the rail R, the poten-
tial at the corona needie 32 should not be substantially
less than ten thousand volts per each inch of distance that
the needle 32 is spaced from the rail R.

The best mode contemplated for the practice of the
present invention will be illustrated by the following ex-
amples and the results obtained by its use in actual tests.

Example 1

A dry colloidal silica powder having a maximum
particle size of fifteen millimicrons was sprayed through
a nozzle 19, of the general type shown in FIGS. 1 and 2,
with a pressure of five pounds per square inch at the
nozzle discharge. The corona needle and rail were
spaced from each other a distance of two inches. A volt-
age of twenty-four kv. was used, and the silica was fed
from the nozzle at the rate of one-half a gram to five
grams per minute. Excellent depositing and adherence
on the collector electrode were realized even in cross-
winds up to sixty miles per hour.

Example II

In this test electrostatic spraying or dry colloidal silica
powder having a particle size of approximately thirty
millimicrons was carried out in the laboratory inside a
humidity chamber using a single-stage nozzle system of
the general type shown in FIGS. 1 and 2. The air pres-
sure at the nozzle was maintained at approximately two
and one-half pounds per square inch and the silica
powder was discharged from the nozzie at the rate of
from one-half a gram to five grams per minute. The
corona needle was spaced from: the collector electrode a
distance of approximately one inch, and a voltage of
twelve  kv. was used. During the test, the relative
humidity was varied from ten percent to seventy-five per-
cent, and the temperature was varied from 84° F. to
114° F. The test was run both without any crosswind
and with crosswinds up to approxxmately forty miles per
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hose. There was no difficulty encountered in the opeta-
tion of this:process and method and the depositing and
adherence of the silica powder on the collector electrode
was good under all the test conditions.

Example 111

- Tests were also conducted under. the conditions set
forth in Example I above, with the only variations being
that the material deposited was finely powdered sand,
the largest particles of which were of such size that they
would pass through a No. 100 sieve, but would {not pass
through a No. 200 sieve, and the sand was discharged
from' the nozzle at a rate of approximately, but some-
what less than, one pound per minute.  The ‘depositing
and adherence of the material in this ‘test was good. )

Example IV

In this test, sand, which would pass through a No. 100
sieve, but would not pass through a No. 200 sieve, was
used ‘and a potential of twenty-four thousand volts ap-
plied to the corona needle, which was spaced from the
rail a distance of two inches. The sand was discharged
from the nozzle at a rate of approximately one pound per
minute arid with an air pressure at the outlet of the nozzle
of from five pounds to fifteen pounds per square inch,
The depositing and adherence of the sand particles on
the collector electrode was satisfactory, although not as
efficiént as the depositing and adherence of the partlcles
in Examples I to I, inclusive, some of the larger particles
of the sand apparently recochetmg from the collector
electrode.

Example | 4

In this test,'experiments were conducted in the ﬁ_eld,

with the nozzles being mounted in front of the driver

wheels of a locomotive. The nozzles were disposed ap-
proximately two inches above the rails, arfd ground sand,
having a maximum particle size of 44 microns, was fed
from each nozzle at the rate of three grams per minute,
with an air pressure at the outlet of the nozzle of from
five to fifteen pounds per square inch with the train mov-
ing at approximately six miles per hour. A voltage of
thirty thousand volts was applied to the corona needie.
The depositing and adherence of the sand to the rails
was satisfactory, although the adherence was not as effi-
cient as in Examples I to III, .inclusive, above. The
larger particles of sand apparently ricocheted to a certain
extent from the rails.

Example VI

Another test was conducted under the same conditions
as set forth in Example V with the exception that dry
colloidal silica of finely powdered form- having a particle
size of approximately fifteen millimicrons was used in-
stead of the 44 micron sand. Depositing and adherence
of the silica to the rails was good, and was more efficient
than in Example V. .

In the making of these tests, deposxtmg of the ant.l-
slip materia] has been accomplished with and without an
electric field being present.  When there was no electric
field, the powder deposited on the rail could be readily
blown off immediately with a crosswind of not more thaa
forty miles per hour. When an electric field and the
electrostatic process of this novel invention was used, the
particles deposited on the rail were not materially blown
off from the rail with a crosswind of up to sixty miles per
hour, even after the electrostatic field had. been removed.
This demonstrates. the importance of the image charges
in causing good : adherence of the charged partlcles to the
rail surface.

In FIG. 3, a modified form of nozzle 110 embodymg
the principles of the present invention-is shown, and parts

which are the same as parts.embodied in the nozzle 1¢:
shown in FIGS. 1:and 2 are indicated by the same refer-

hour, such winds being created by air emitted from a g ence numerals, and parts which are similar to parts em-
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bodied in the nozzle 10 but differ somewhat therefrom
are indicated by the-samé;r’eference numerals with the
prefix “1” added thereto.

The nozzle 110 embodies a substantially tubular-shaped
body member 22 having a brace 70 mounted in the rear
end thereof. A nozzle tip 126 is mounted on the front
end of the body portion 22, and the tube 12 is mounted
in and extends through the brace 70 in such position that
it extends forwardly through the body portion 22 into
the nozzle tip 126, and terminates at its front end in rear-
wardly spaced relation to the front end of the nozzle tip
126. The nozzle tip 126 is tubular in shape, and has an
open front end 128 which is substantially the same in
diameter as the body portion 22. A plurality of elongated
straight corona needles 132 are mounted in the nozzle
126, forwardly of the front end of the tube 12, and extend
radially through the side walls of the nozzle tip 126, with
their inner ends disposed in spaced relation to each other.
A connector post or terminal 136 is attached to the
nozzle tip 126, by means of which a conductor, such as
the conductor 34, FIGS. 1 and 2, may be attached to the
nozzle tip 126, . .

The nozzle 110 may be mounted in position of use in a
manner similar to the manner heretofore described with
respect to the nozze 10, a bracket 146 being provided
for this purpose, and the potential between the corona
needles 132 and the collector electrode, not shown, which
may be of any suitable metallic member which it is de-
sired to coat with particles of dry material, such as the
rail R shown in FIG. 1, is effective to afford the necessary
electrostatic field for charging the particles to be so de-
posited,

in FIGS. 4 and 5, another modified form of nozzle 210
is shown, and parts which are the same as parts of the
nozzle 10 shown in FIG. 1 are indicated by the same ref-
erence numerals and parts which are similar but some-
what different from the corresponding parts of the nozzle
10 are shown by the same reference numerals with the
prefix “2” added thereto.

The nozzle 210 embodies a nozzle tip 226 having an
clongated shank 72, the nozzle 210 being directly
mounted on the end of the conduit 12 by a suitable
coupling member such as the sleeve 73, threadedly en-
gaged with the conduit 12 and the shank 72, FIGS. 4 and
S. The nozzle 210 is made of suitable electrically con-
ductive material such as, for example, aluminum, and is
€lectrically insulated from the train, or the like, on which
it is mounted, such as, for example, by having the section
of the conduit 12 to which it is attached constructed of
rubber, a suitable plastic, or other suitable dielectric
material,

One end of the corena needle 232 is mounted in the
tip 226, below the orifice 228, and is held therein by a
screw 74, FIG. 5. The needle 232 curves upwardly from
this one end, ag viewed in FIG. S, and the other end, or
free end, of the needle 232 is sharply pointed and the
point thereof is disposed on the axijal center line of the
discharge orifice 228 of the nozzle tip 226. A connector
post or terminal 36 is threadedly engaged in the rim of
the nozzle tip 226 to afford means for connecting a con-
ductor such as the conductor 34 shown in FIGS. 1 and 2
to the nozzle tip 226, and the nozzle 210 may be oper-
ated in the same manner as that heretofore discussed with
respect to the nozzie 10 in the present invention.

From the foregoing it will be seen that the present in-
vention affords a novel method of increasing the coef-
ficient of friction between two relatively movable metal
surfaces, and that novel apparatus has, also, been af-
forded for carrying out the aforementioned novel meth-
od. While the invention is especially useful in the rail-
road field to improve frictional contact between rails and

" the wheels of a diesel electric locomotive, it is also useful
in other fields as, for example, for improving the fric-
tional contact between guide rails and wheels on over-
‘head crane apparatus and for improving frictional con-

_ 12
tact between other mating surfaces which normally tend
to move one with respect to the other.

_In field tests of the type described in Examples V and
VI some of the specific finely divided solids which were
successfully applied to rails were Dow Corning fine silica
having an average particle size of about 15 millimicrons,
spray dried Nalcoag having a particle size of about 30

- millimicrons, and Flufsil 255 having a particle size of
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about 30 millimicrons. Other types of fine silicas suit-
able for the practice of the invention are disclosed in
U.S. Patent No. 2,787,967. These fine silicas are usual-
ly characterized by having a specific surface area of at
least 25 square meters per gram and preferably within
the range of 25 to 400 square meters per gram. The
ultimate particle size usually varies from 1 to 150 milli-
microns when these silicas are dispersed in water.

While the powdered discrete particles of colloidal silica
and other finely divided electrically non-conducting
solids are referred to herein as dry or substantially dry,
it will be understood that the presence of moisture in
these particles, so long as they remain discrete, does not
substantially affect the practice of the invention. Some
particles tend to adsorb or absorb moisture more than
others and even finely ground gels of the silica gel type
or alumina gel type or silica-alumina gel type containing
substantial quantities of moisture can be used for the
practice of the invention.

The rate of application is subject to considerable varia-
tion. In general, the slower the application the better
the adhesion of the particles, but good results are ob-
tained over a relatively wide range, for example, up to
120 grams of particles per minute, or higher, The size
and weight of the particles being applied is also a fac-
tor in the rate of application. For example, fine sand
might be applied at a rate of 1 pound to 4 pounds per
minute per nozzle whereas fine silica might be applied
at a rate of 3 to 6 grams per minute per nozzle.

In general, the higher the electrostatic field theé more
focused is the application of the particle. The charge on
the particle is proportional to the voltage gradient. The
larger the size of the particle, the more the charge. In
some instances, effective application has been obtained
at voltages of six kilovolts, or less, per inch of distance
from the nozzle to the surface to which the material is
applied, but higher voltages are preferred. Many other
variations and modifications will be apparent to those
skilled in the art. ‘

I claim:

1. Apparatus for improving the coefficient of friction
between two metal surfaces comprising means for sup-
plying dry solid material in powder form, and means for
feeding and adhering said material to one of said sur-
faces, said last named means comprising nozzle means
for spraying said material through the open atmosphere
toward said one surface, an electrode disposed between
said nozzle means and said one surface, and means for
applying a selected potential difference between said
electrode and said one surface.

2. Apparatus for improving the coeflicient of friction
between two metal surfaces comprising means for dis-
charging air-borne particles of dry material in powder
form through the air along a path of travel onto one of
said surfaces, an elongated electrode having a pointed
end disposed in said path of travel, and means for apply-
ing a selected potential difference between said electrode
and said one surface during movement of said particles
along said path of travel toward said one surface.

3. Apparatus for improving the coefficient of friction
between two metal surfaces comprising means for dis-
charging air-borne particles of dry material in powder
form through the air along a path of travel onto one of
said surfaces, an elongated electrode having a pointed
end disposed in said path of travel, said electrode being
spaced from and insulated from said one surface, and
means for applying a potential difference between said



3

5,005,303

electrode and said one surface of not substantially less
than ten thousand volts per inch of space between said
electrode and said one surface.

4. Apparatus for improving the coefficient of friction
between two metal surfaces comprising means for dis-
charging air-borne particles of dry material in powder
form onto one of said surfaces, said means including
means for feeding such particles, and a spray nozzle
having an outlet disposed in position to discharge said
particles from said feeding means toward said one sur-
face, corona needle means mounted on said nozzle be-
tween said feeding means and said one surface in the
path of movement of said particles between said feeding
means and said one surface, and means for applying a
selected potential difference between said corona needle
and said one surface.

5. Apparatus for improving the coefficient of friction
between two metal surfaces comprising means for dis-
charging air-borne particles of dry material in powder
form onto one of said surfaces, said means including
means for feeding such particles, and a spray nozzle hav-
ing an outlet disposed in position to discharge said par-
ticles from said feeding means toward said one surface,
a corona needle mounted on said nozzle, said needle
having a sharp point disposed in the discharge path of
said outlet between said nozzle and said one surface,
and means for applying a selected potential difference
between said corona needle and said one surface.

6. Apparatus for improving the coefficient of friction
between two metal surfaces comprising means for dis-
charging air-borne particles of dry material in powder
form onto one of said surfaces, said means including
means for feeding such particles, and a spray nozzle hav-
ing an outlet disposed in position to discharge said par-
ticles from said feeding means toward said one surface,
corona needle means mounted on said nozzle between
said feeding means and said outlet of said nozzle in the
path of travel of said particles from said feeding means,
and means for applying a selected potential difference
between said corona needle and said one surface.

7. Apparatus for improving the coefficient of friction
between two metal surfaces comprising means for dis-
charging air-borne particles of dry material in powder
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-form onto one of said surfaces, and an electrically con-

ductive metal spray nozzle connected to said feeding
means and having an outlet disposed in position to dis-
charge said particles from said feeding means toward
said one surface, corona needle means mounted on, car-
ried by, and electrically connected to said nozzle means
between said feeding means and said one surface in the’
path of travel of said particles between said feeding
means and said one surface, and means for applying a
selected potential difference between said nozzle -and,
therefore, said corona needle means, and said one surface.

8. Apparatus as defined in claim 7 and in which said
corona needle means comprises an elongated needle pro-
jecting from said nozzle and having a pointed end dis-
posed between said discharge outlet and said one surface.

9. Apparatus as defined in claim 7 and in which said
corona needle means comprises a plurality of elongated
needles disposed radially to the axial center line of said
discharge outlet between said outlet and said feed means.
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