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(57) Abstract

a short melting time is preferred for achieving a fast coating process.

A novel method and apparatus (10) of applying paints and other coatings is disclosed which can be carried out by forcibly inserting
a cloud of coating particles carried by at least one inert gas into a laser beam by mirror (20) and attenuated by defocusing. At least one
of the inert gases serves as a shield against combustion and can be directed downwardly in addition to a sideway spreading and spraying
action. The pressure of the inert gas pushes the particles down onto the substrate. As soon as the particles are energized by the laser beam,
they melt and begin to fiow while at that exact instant, the coating particles come into contact with the substrate (54) to avoid any possible
dissipation of the laser energy. The coating material compositions can be altered by increasing the melting time of the particles even though
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METHOD ARD _JFOR_LASER COATING

FIELD OF THE INVERTION

The present invention generally relates to a method
and apparatus for laser coating and more particularly, relates
to a method and apparatus for laser coating by inserting a cloud
of coating particles into a laser beam'attenuated by defocusing
onto a substrate wherein as soon as the coating particles are

energized by the laser beam the particles melt and begin to flow.

BACKGROUND OF THE INVERTION

In typical applications of 1liquid or powdered
coatings, problems encountered include the use of volatile
organic contaminants to suspend the coating solids, the
overspray and the necessity of masking to assure accurate
coverage, and the use of large amount of thermal energy in
curing. These problems are costly in terms of pollution
abatement, high labor content, and high energy consumption. The
abatement of volatile organic contaminants is strictly
controlled by the EPA in terms of pollution control and possible
exposure to toxins. Strict adherence to EPA guidelines by the

manufacturers is both costly and time consuming.

The accurate control of coating coverage is frequently
difficult and requires extensive masking even in more advanced
coating techniques such as the electrostatic coating. The
application and removal of masking is time consuming and labor
intensive. Another poor use of time and energy is the necessity

of curing a coating in a hot air oven.
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In an effort to overcome the drawbacks encountered
in conventional coating techniques, coating methods by using
laser have been developed in recent years. These techniques
normally utilize laser for curing an already applied coating on
a substrate. The laser energy 1is used very inefficiently since
the exact location of the laser beam and its energy distribution
are not taken into consideration. For instance, in curing a
coating having a high melting point, the curing point is set at
or near the focus point of the laser in order to achieve a high
power density. In curing a <coating having 1lower power
requirements, the laser beam is defocused which makes the
thermal transfer less efficient. The only available process
control is to increase the power level in order to overcome any

curing problems.

The presently available laser curing techniques do
not utilize gas flows to carry a coaxial flow from a lens to a
substrate. Some laser techniques require the operation to be
conducted 1in sealed atmospheric chambers which is not a
practical approach for high volume productions. For instance,
one existing method of laser curing of powder coating applies a
thin layer of powders on a substrate first and then irradiates a
laser beam over the powders. Since the laser beam causes the
powders to draw together, several successive layers of powders
must be applied and the laser beam must be used to pass over the
coating several times. This makes a continuous process or a
process capable of accurate thickness control very difficult.
In coating high temperature powders such as those containing
metal particles or refractory materials, a laser beam first
forms a molten pool of the substrate and then powder is sprayed
directly onto the molten area. As a result, the substrate

material is frequently damaged by the intense heat.
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Other laser coating techniques involve the use of
powder coatings that contain special laser light absorbers mixed
ijnto the powder in order to increase the absorption of laser
energy. This is only necessary because of the inefficient use
of laser energy in conventional laser coating techniques, where
most of the energy is wasted. Still other conventional laser
coating techniques involve the use of high energy densities and
relatively 1low coating speeds. Powders are applied either
electrostatically or simply sprayed on with poor repeatability.
A slow laser scanning speed is necessary in order to ensure that
all the powder is melted in one pass. The powder can also be
indirectly heated from below by the heat transferred from the
gubstrate. It is therefore not possible, using a conventional
laser curing technique, to coat plastic substrates except at
slow speeds and at small powder thicknesses. Since the laser is
applied to the powders inefficiently, an excessive amount of
heat must be generated in order to carry out a conventional

laser coating technique.

It is therefore an object of the present invention
to provide a method and apparatus for using a laser in coatings

that do not have the shortcomings and the drawbacks of the prior

art laser coating methods.

It is another object of the present invention to
provide a method and apparatus for using a laser in coatings
that do not require the processing step of first applying a

layer of powder on a substrate prior to the application of laser

energy.

It is a further object of the present invention to

provide a method and apparatus for using a laser in coatings in



WO 97/10061 PCT/US96/14541

which a coating powder is first energized with laser energy

before it is applied and fused to a substrate.

It is yet another object of the present invention to
provide a method and apparatus for using a laser in coatings by
forcibly inserting a cloud of coating particles into a laser

beam attenuated by defocusing.

It is still another object of the present invention
to provide a method and apparatus for using a laser in coatings
by first providing an inert gas to form a cloud of coating
particles suspended in the gas in such a way that the inert gas

serves as a shield against combustion.

It 1is another further object of the present
invention to provide a method and apparatus for using a laser in
coatings by first providing an inert gas to form a cloud of
coating particles suspended in the gas and energized by a laser
beam such that the coating particles can be directed downwardly
toward a substrate in addition to the sideway spreading of the

particles.

It is still another further object of the present
invention to provide a method and apparatus for using a laser in
coatings wherein coating particles suspended in an inert gas
begin to melt and flow as soon as the particles are energized by

a laser beanm.

It is yet another further object of the present
invention to provide a method and apparatus for using a laser in
coatings wherein coating particles suspended in an inert gas
begin to melt and flow as soon as they are energized by a laser

beam such that the particles adhere to a substrate instantly.
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SUMMARY OF THE IRVENTION

The present invention provides a method and
apparatus for applying paints or other coatings by using an
exact amount of heat sufficient to flow and cure the coating
without damaging the coating material or the substrate. The
benefits made possible by the present invention are the
reduction or the elimination of volatile organic contaminants,
the instantaneous heating and cooling of the coatings which
eliminates the need for energy-wasting cure ovens or lengthy air
drying, and the ability to accurately spray the coatings in a
defined area without over-spraying.

The present invention novel method of applying
paints or other coatings can be carried out by forcibly
inserting a cloud of coating particles carried by at least one
inert gas into a laser beam attenuated by defocusing. One inert
gas serves as a shield against combustion and can be directed
downwardly in addition to a sideway spreading and spraying
action. The pressure of the inert gas pushes the particles down
onto the substrate. As soon as the particles are energized by
the laser beam, they melt and begin to flow while at this exact
instant, the coating particles come into contact with a
substrate, avoiding any dissipation of laser energy. The
coating material compositions can be altered by increasing the
melting time of the particles even though a short melting time

is preferred for achieving a fast coating process.

The present invention apparatus is designed to
assure an even distribution of paint particles at a

predetermined point in the distribution of the laser beam after
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the focal point. In the apparatus, inert gas is used to prevent
the oxidation and combustion of by-products. The inert gas lis
used to carry the paint particles, to shield the nozzle/
bell-shaped housing area, and to force the particles down onto a
substrate and away from the lens area. The coating is applied
by forming the coating particles into a cloud and then forcing
them, by molar quantities of the compressed inert gas, into an
attenuated laser beam. The inert gas assists in the spreading
out of the particles in a spray pattern that covers the entire
crogs—-sectional area of the attenuated beam. As soon as the
coating particles absorb the laser energy, the particles begin
to flow and instantaneously cure. The coating is formed on the
substrate from successive layers of droplets. The inert gas
serves two important functions in the present invention. First,
it provides direction to the coating particles such that once
they begin to melt and flow they are moved toward the substrate
and are deposited and cured on the surface of the substrate.
Secondly, the inert gas allows subsequent coating particles to
enter the space in the laser beam vacated by the first batch of
particles such that successive layers of particles can be melted

and deposited on top of each other.

The present invention apparatus utilizes a laser
that has a wavelength of about 9.8 micrometer in order to
enhance absorption at the particle level. This wavelength is
considered by those skilled in the art as an unusual and
disfavored wavelength for laser applications. It was uniquely
discovered that the specific wavelength provides additional
absorption and enables substantial process improvement. The
process improvement can be further enhanced by incorporating

metallic components in the coating powders. The laser source
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utilized in the present invention can be a CO,, a CO, a NAYAG or
an ion laser. The type of laser selected is matched to the
absorption characteristics of the coating material used. A
circular polarization is taken place inside the laser cavity
which provides additional processing improvement since
polarization is more efficient inside the laser cavity then
outside. The arrangement also allows more space in the optical
train to alter the beam for largér total coverage on a
substrate. The laser beam 1s attenuated, or its power reduced,
by specific gas flow rates. The power of the laser beam is
reduced by limiting the amount of the CO, going into the laser
cavity. It is especially suitable in processing substrates or

powders that have a low melting temperature.

Axicons are used differently in an alternate
embodiment of the present invention in that the laser beam is
not upcollimated immediately prior to reflection off the
axicon. Instead, the beam is sent into a final focusing lens
after the axicon where a lens is used as a beam spreader. After
the laser beam expands from the lens, it assumes the shape of
the axicon. The present invention also allows the use of a
series of axicons to shape beams around the complex geometry of
a part. The axicons can be positioned on adjustable rails such

that several axicons can be used in series.

The coating particles (of elther solid or liquid) 1is
distributed in a novel way in the present invention method of
laser coating. In order to achieve a uniform particle density,
the present invention novel method forms a distribution at a
specific angle of between about -5° to about +23° from the

normal plane, and spreads a pattern out from about .55" at the
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tip of the nozzle to about 3.65" at the end of a 8" bell-shaped
housing. The coating particles are inserted at 90° traverse to
the relative motion of the beam. As the beam moves relative to
the part, the particles are sprayed out, melted, flowed, and
cured along the traversed path. A uniquely wused bell-shaped
housing conforms both to the shape of the beam from the axicons
as well as the shape of the substrate to be coated. It supplies
an inert atmosphere at a proximity of the substrate surface and

affords a maximum coverage of the spread beam.

BRIEF DESCRIPTIOXK OF THE DRAWINGS

Other objects, feature and advantages of the present
invention will become apparent upon consideration of the

specification and the appended drawings, in which:

Figure 1 1is a perspective view of the present

invention laser coating apparatus.

Figure 2 is an enlarged cross-sectional view of the
powder distribution system and the application of the nozzle/

bell-shaped housing.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention provides a method and
apparatus for laser coating by inserting a cloud of coating
particles into a laser beam attenuated by defocusing onto a
substrate wherein as soon as the coating particles are energized

by the laser beam the particles melt and begin to flow.
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Referring initially to Figure 1, wherein a laser
source 10 as shown can be selected from a CO,, a CO, a NdYAG, or
an ion laser. The preferred source is a CO, laser operated in a
continuous-wave mode. An important consideration of the present
invention is the alternate means of attenuation that can be
used. CO, lasers emit lased photons at four distinct wavelength
lines. A specific wavelength in the range between about 9.5 to
about 10.5 micrometer, and preferrably about 9.8 micrometers is
selected for use in the present invention. It allows for the
greatest absorption of the photons by metallic elements in the
powder coating compositions. While the selected wavelength is
not critical for most applications, it 1is an important

consideration in the preferred embodiment of the present

invention.

It has been observed that the ability to absordb
photons is enhanced by as much as 10% when the wavelength of the
jaser is increased. This advantage 1is important when metal
particles are incorporated into paint powders used in the
preferred embodiment. The preferred laser equipment is a 2,000
watt continuous-wave CO, laser such as that manufactured by PRC
Corporation of Landing, NJ. It is preferred that the laser be
circularly polarized with low optical divergence. The circular
polarization should take place inside the laser cavity. The gas

mixing control should be designed to allow for attenuation by

the modification of the gas mixture.

It was discovered that in order to realize the full
benefit of the gas mixing procedure, gas should be mixed in a
composition of CO,: 5.0~15.0 cfm, N,05: 45 cfm, and He: 75~80
cfm. The low limit of 5.0 cfm of CO, is just enough to sustain
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lasing power and is useful when the coating material is very

absorptive or has a low cure temperature.

In practice, the laser is tuned into a TEMOO mode to
allow for an even distribution of the laser energy through a
down-line axicon. The laser should be equipped with power
conditioning in the power supply and should be grounded against
electromagnetic interference. The 1internal optics used are
standard equipment such as those supplied by II-VI Corporation
of Saxonburg, PA. The laser equipment is preferrably mounted on
a frame that is connected to the workpiece. Vibration isolation
of the laser equipment is achieved by the mass of the frame and

therefore does not require isolation damping devices.

In an alternate embodiment, an axicon or a series of
axicons (not shown) can be used as a special optical device that
modifies the shape and the energy distribution of the 1laser
beam. It can be acquired commercially from sources such as PCX
Corporation of San Jose, CA. In a standard configuration, the
purpose of the axicon 1is to refract the photons from a laser
beam just before they reach the part. The axicon component is
normally used as a final optical device. However, it is not
used for such purpose in the present invention coating

~ applications. In normal usage, an axicon is used with an
upcollimating device (not shown) to take a beam from its normal
.75" to .80" diameter and collimate, and then to refract them
back to a parallel condition of a predetermined larger
diameter. This wider beam diameter is usually determined by the

size of the part to be processed.

In the alternate embodiment, an axicon (not shown)

is set immediately after the final, partially reflective mirror

-10-
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of the laser. It is important to place the axicon prior to the
occurrence of the pre-focus condition for lasers. For COZ
lasers, this occurs at approximately 3 meters and for NdAYAG
lasers, this occurs at approximately 6 inches. The 1ideal
location for the axicon was discovered to be at 6.3" for CO,
lasers, and at 2.2" for NAYAG lasers. In the alternate
embodiment, no upcollimators are wused with the axicon.
Expansion of the laser beam takes plaée at the final focusing
lens. By the special placement of the axicon, pre-~focus
conditions occur after the beam has been shaped by the axicon.
The shaped beam spreads out further and therefore can more
efficiently use the surface area of the final focusing lens to
spread the beam out even further in its defocused condition.
The axicon can be water cooled, both in COZ and in NAYAG types
of lasers. This minimizes spherical aberration and increases
the usable lifetime of the axicon. The axicon can further be
rail mounted for ease of adjustment and for positioning several

axicons in series.

Isolation tubes (not shown) for the laser equipment
can also be used in the present invention apparatus to ensure
the performance and to eliminate process variations due to
optical train contamination. Black oxide treated tubes which
telescope inside each other via teflon seals are isolated from
the outside contaminants by bleed in lines of not more than 2
psi over atmosphere of oll-free instrument air or bottled K,.
The fixed isolating tubes are also mechanically isolated by
tying directly through structural mounting into the frame of the
system. The tubes are threaded directly into all optical train
hardware to ensure rigidity throughout the system.

-11-
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Another important component of the 1laser coating
system is the bending mirror 20. .All bending mirrors must be
water cooled, low phase shifted and isolated. The mirrors are
commercially available from II-VI Corporation of Saxonburg, PA.
The low phase shift feature of the mirrors is essential due to
the fact that significant phase shift impairs the coherence and
produces fringing and interference with the power distribution
down-line in the optical train. The bending mirrors should be
isolated from mechanical vibration as well as from deleterious
effects of heat. Chilled water at a temperature of 64°F is used
when the room temperature is less than 80°F and the relative
humidity is less than 82X. The bending mirror 20 is mounted in
a corner mount that flows water across the backplane of the
mirror at a rate of 0.1 GPM. The water flow should be
continuous since the mass of the corner mount cannot be used as
a heat sink.

The precision movement of the final focusing 1lens
46, relative to the position of the substrate to be coated, must
be controlled through a servo driven "2" axis. The servo motion
is required because the transition between different heights on
a part must be made without excessive dwell times and with
smooth motions. Offset distances for the proper placement of
the beam must also be exact. The "Z" axis is set up to run with
two collapsing tubes (not shown) where one tube is set inside
the other by keeping out unwanted air via a teflon ring. The
first tube is set into the mirror mounting block (not shown)
with a fine pitch thread and bottoms out in the base of the
mirror. It has a inner diameter of 2" and extends down 13".
The interior tube is 12" in length with a 3/4" wide mounting

strip. The mounting strip (not shown) is attached to an arm

~12-
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fixed to a servo drive. A positioning stage (not shown) such as
that manufactured by Schneeberger of Lexington, MA and driven by
a precision motor (not shown) such as that manufactured by the
Parker-Hannifin Corporation of Dayton, OH drives the focusing
head up and down relative to the position of the workpiece. In
order to maximize the smoothness of travel, a counter weight
(not shown) is attached to the backside of the "2" axis stage.
This allows the motor to drive only fhe relative mass of the
stage in a flat condition rather than constantly working against

the mass of the stage due to the force of gravity.

An enlarged cross-sectional view of a coating
applicator 40 is shown in Figure 2. The applicator 40 s
comprised of an upper nozzle section 42 and a lower bell-shaped
section 44. The nozzle section 42 is designed to take the laser
beam, which may be shaped by the axicon in the alternate
embodiment, from a nominal diameter of .95" from the entrance
point of the beam to the face of the final focusing lens 46 to a
spread of up to three feet for a 2000 watt CO, laser. The final
focusing lens 46 is used as a final beam spreader, much as an
upcollimator is intended to spread the beam in a controlled
manner to take advantage of the beam for focusing purposes. In
the preferred embodiment for coating applications, the uniform
spreading capabilities of the laser lenses are utilized for the
present invention. The preferred lens is a 5.0" effective focal
length lens that has a best form (asphere) lens surface. A best
form lens is used to minimize spherical aberration in order to

prevent beams from fringing and interfering with each other down

the focal plane.

The bell-shaped section 44 of the applicator 40

generally conforms to the shape of the beam as set by the

-13-



WO 97/10061 PCT/US96/14541

axicon. Even though the preferred embodiment is a bell-shaped
housing, the general rules for construction of a coating nozzle
are that:

1. The distance of the lip 48 of the bell-shaped
housing 44 to the surface 50 of the part 54 to be coated varies
from a minimal .25" to a maximum of .625", even though a

distance of up to 1" may also work.

2. The gas used to push the particles down to the
surface 50 of the substrate 54 is preferably inert but should be
at least oil-free. The flow rate should be from .1 to .35 cfm
at 12 to 20 psi pressure. The gas should be introduced below
the final focusing lens 46 at an angle of between 20° and 47.5°
from the horizontal plane, and at a distance of .5 to .75" below

the bottom plane 56 of the final focusing lens 46.

3. The bell-shaped housing 44 should be shaped
from an opening of 3" to conform to the laser tip mounting to an
end of 6" in diameter, and 4.5" from the final focusing point of
the lens 46. For instance, at an hourglass configuration point,

no less than 4.5" below the focus point of the 5.0" lens.

4, The centerline of the orifice of the spray tip
for the introduction of the coating particles is located .345"
to .375" above the lower rim 48 of the bell-shaped housing 44.
The particles are introduced at angles varying from 7.5° to 18°

relative to the top surface 50 of the substrate 54 to be coated.
The novel coating apparatus may further include a

multi-axis motion system (not shown) which i1s an ultra-fast,

no-backlash, extremely precise, multi-axis motion system in

-14-
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order to properly coat the substrate. The system controller
must be powerful enough to control mechanical motions, adjust
laser and media feeding parameters, and direct axicon
performance in real time. The ideal configuration is a rotary
axis that has a 360° turning capability and can speed up to
2,000 rpm, a tilt-axis that has a 270° turning capability and a
speed of 1,000 rpm, and an "X" linear axis that has a travel of
48" and a traverse speed of 15" per éecond, a "Y" linear axis
that has a travel of 36" and a traverse speed of 15" per second,
a "Z" linear axis that has a travel of 24" and a traverse speed
of 5" per second. Accuracy of the described circular axis
should be +.5%. The repeatability of the described circular
axis should be +.5%. The accuracy of the described linear axis
should be .005", except for the "2" axis which should be
+.001". The repeatability of the described linear axis should
be .0005" per inch of travel. The straightness of the described
linear axis should be $.001". The perpendicularity of the
described X and Y axis should be +.005". The orthagonality of
the X, Y, and Z axis should be £.001". The speed accuracy of
the described circular axis at rated loads should be x1X. The
accuracy of the described linear axis at the rated loads should

be %.5%.

The present invention novel coating system can
powder coat or liquid coat substrates with an instantaneous cure
rate over most flat, contoured or shaped surfaces. The process
is dependent upon an even energy distribution which is absorbed
by the powder or liquid paint particles. The latent heat or
cure energy of the photons is rapidly disbursed into the coating
particles and not into the substrate. Since it 1s desirable

that the particles be painted in successive layers, melting

-15-
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ideally takes place in the train of 1light before striking the

substrate.

The following are some practical examples utilizing

the present invention novel method and apparatus.

In a typical process, a chilled water supply to the
laser equipment is first turned on in order to operate the laser
equipment at a temperature between 45 to 50°F. If the chiller
temperature is running below 45°F, water will condense on some
moisture sensitive components of the system. On a cool day, the
system can be run safely at 33°F. For warmer days, the system

should not run below 41°F.

The laser fill gas stored in a tank is then turned
on. A pressure of at least 200 psi in the gas tank is normally
required. For critcal parts, the pressure should not be below
500 psi. The outlet pressure for the tanks should be around 80
psi. The flow of N, and CO, are then shut off at the gas
control panel while leaving the helium gas running for the warm

up period.

At the start of the process, a starting power is set
at 1300 watts, an idle power is set at 1250 watts, a maximum
power is set at 1350 watts and a minimal power is set at 1250
watts. When the laser is turned on, the vacuum pump first takes
the system down to 2 mbar. As soon as the chamber is at 2 mbar,
the blower begins to fill the chamber with laser gas until the
pressure reaches 25 mbar. The helium pressure should be kept at
between 75 and 90 psi during the refill period. Once the laser
is warmed up, other laser gases are bled into the system, 1i.e.

nitrogen first at 45 psi and then CO,.

-16-
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In order to achieve the attenuation control of the
laser, a combination of low levels of CO, and a setting of a
suitable power level are used. The lower power level settings
can be obtained by reducing the flow of CO, in the gas control
panel for low power requirement, the system can be operated with

stability at 5 psi CO, and 500 watts of power.
Example 1 - Coil Coﬁtinz

A cold rolled steel of .110" thick is coated in this
example. The coil is set on a flat table which has a flatness
relative to the end of the nozzle of .005". The coil is
fixtured to the table so that it can not move during high speed

traversing.

The pressure for the CO, gas is 7.5 psi, for the
helium gas is 75 psi, and for the nitrogen gas is 45 psi. The
storage tank temperature is kept at 36°C and the gas blower
temperature 1is kept at 124°C. The refill gas pressure of the
gas mixture used to attenuate the beam by changing the coz
pressure is 33 mbar. The chiller temperature is allowed to go
as high as 51°F in order to modulate the beam to a greater
extent resulting in more beam spread and less power density in
the center of the beam. The average of the amp setting of the
gas flow tube is 145 ma. The power setting is 775 watts. A
purged gas is set through the top bleed in tube of the nozzle at
5 psi. The bleed in tube is positioned at 7.8" above the coil.
The powder/inert gas flow enters the bell-shaped housing at
0.45" above the coil. The angle of entry is 4° from the
horizontal plane of the coil. The powder/inert gas flow is set
at a pressure of 30 psi and a flow rate of 40 cfm. Standard

grade helium is used as the purge gas.
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The powder used‘ is a polyurethane based coating
material which is fed into the system at a flow rate of 22.5
grams per minute. The spread from the nozzle is from 1/4" to
3/4" from the left side to the right side of the nozzle. The
speed of the traverse 1s 25" per minute. The powder flow starts
before the table moves while the laser power is applied 0.5
seconds after the table moves. The coil strip width is .25"
wide. |

The lens used has a 5" effective focal length. It
has a plano convex configuration. The focal point is set 7"
away from zero while the distance of the coil to the face of the
lens is 12". The orifice opening used to direct the bleed in
powder/inert gas flow is .5". The laser is used in a continuous
wave mode. The gap from the top of the coil to the bottom of
the bell-shaped housing is .35". A satisfactory coating is
obtained on the coil.

Example 2 - Sheet Steel Coating

A hot rolled sheet steel having a thickness of .41"
is coated. The sheet steel is set down on a flat table which
has a flatness relative to the end of the nozzle of .0l1". The
sheet steel is fixtured to the table so that it does not move

during high speed traversing.

The flow pressure for the CO, gas is 6.5 psi, for
the helium gas is 75 psi, and for the nitrogen gas 1is 45 psi.
The high voltage storage tank temperature is 34°C and the gas
blower temperature is 118°C. The refill gas pressure of the gas

mixture for attenuating the beam through the manipulation of the
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CO, pressure is 31 mbar. The chiller temperature is set at 40°F
and the average amp setting of the gas flow tubes 1is 138 ma.

The power setting is 585 watts.

The purge gas 1is set through the top bleed in
orifice of the nozzle at 7.5 psi. Bleed in is set at 8" above
the steel. A side flow enters the left-hand side of the
bell-shaped housing with the center of nozzle at .5" above the
sheet. The angle of entry is 7° from the horizontal plane of
the sheet. The side flow is set at 36 psi. A standard grade

helium is used as the purge gas.

The powder used 1is a polyurethane base powder at a
flow rate of 35 grams per minute. The spread from the nozzle is
from 1/4 to 2/3" from the left side to the right side of the
nozzle. The speed of the traverse is 20" per minute. The
powder flow starts before the table moves while the laser power

is applied 0.5 seconds after the table moves.

The lens used has a 5" effective focal length. It
has a plano convex configuration and a focal point set at 9"
away from zero, i.e. the distance of the coll to the face of the

lens is 14". The orifice opening used to direct bleed in flow
is .5".

The laser used is a COp laser in a continuous wave
mode. The gap from the top of the steel sheet to the bottom of
the bell-shaped housing is 2.35". A satisfactory coating 1is

obtained on the sheet steel.
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Example 3 - Fine Grit Blasted Steel Sheet Coating

A cold rolled steel sheet having .025" thickness is
coated. The sheet is set down on a flat table having a flatness
relative to the end of the nozzle of .005". The sheet is
fixtured to the table so that it does not move during high speed

traversing.

The flow pressure for COZ is 5 psi, for helium is 75
psi, and for nitrogen is 45 psi. The high voltage tank
temperature is 35°C and the gas blower temperature is 120°C.
The refill gas pressure of the gas mixture used to attenuate the
beam through the manipulation of the COZ pressure is 32 mbar.
The chiller temperature is set at 40°F. The average amp setting
of the gas flow tubes is 140 ma and the power setting is 500

watts.

The purge gas 1s set through the top bleed in
orifice of the nozzle at 5 psi located at 7.8" above the sheet.
The side flow 1s entered at the 1left-hand side of the
bell-shaped housing with the center of the nozzle at .45" above
the steel sheet. The angle of the entry 1s +5° to the
horizontal plane of the sheet. The side flow pressure is set at

20 psi. Standard grade helium gas is used as the purge gas.

The powder used is a polyurethane powder coating
material supplied by the Evtech Company of Charlotte, NC under
the code name of EVLAST 1000/1B119. The powder has a specific
gravity of 1.2 as determined by ASTM D-792. It is a black solid
powder having a slight odor. It has an auto-ignition
temperature of 452°C. The flow rate of the powder is set at 10
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grams per minute. The spread from the nozzle is from 1/4" to
3/4" from the left side to the right side of the nozzle. The
speed of the traverse over the sheet is 25" per minute. The
powder flow starts before the table moves. The laser power is

applied .5 seconds after the table moves.

The lens used has a 5" effective focal length. It
has a plano convex configuration. The focal point is set 7"
away from zero, i.e., the distance of the sheet to the face of
the lens is 12". The orifice opening used to direct bleed in
flow is .5". The laser mode is continuous wave. The gap from
the top of the coil to the bottom of the bell-shaped housing is
.1". A satisfactory coating is obtained on the steel sheet.

Example 4 — Door Handle Liquid Painting

Door handles of .2" thick made of cast zinc are
painted. The flatness of the part relative to the end of the
nozzle is .005". The handle is fixtured by positioning onto
tappered pins that suspend the part 1" over the fixture plate.

The gas flow pressure for the CO, gas is 5 psi, for
the helium gas is 75 psi, and for the nitrogen gas is 45 psi.
The high voltage tank temperature is 32°C and the gas blower
temperature is 155°C. The refill gas pressure of the gas
mixture for attenuating the beam through the manipulation of the
CO, pressure is 30 mbar. The chiller temperature is set at 40°F
and the average amp settings of the gas flow tubes is 130 ma.

The power 1s set at 510 watts.

The purge gas is set through the top bleed in
orifice of the nozzle at 5 psi which is set at 7.8" above the
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handle. The side flow is entered at the left-hand side of the
bell-shaped housing with the center of the nozzle at .45" above
the handle. The angle of entry 1is +6° to the horizontal plane
of the surface of the handle. The side flow 1is set at 25 psi.
It goes through a liquid pressure pot and exits through a .06 or
a .120" orifice. Standard grade helium gas is used as the purge

gas.

The paint material used is a liquid black paint No.
83-1026 supplied by the Guardsman Corporation. The spread from
the nozzle is from .1" to .25". The laser cures the paint as
soon as it traverses it. The speed of the traverse is 55" per
minute. Liquid paint flow starts as the table moves while the

laser power is applied .5 seconds after the table moves.

The lens used has a 5" effective focal length. It
has a plano convex configuration. The focal point is set at 7"
away from zero. The orifice opening used to direct bleed in
flow is .5". The mode of the laser is continuous wave. The gap
from the top of the handle to the bottom of the bell-shaped
housing is .15". Satisfactory coating of the door handles was

obtained.

Example 5 — Wood Painting

Hardwood pieces of .5" thick are coated. The pieces
are set down on a flat table wherein the flatness of the table
relative to the end of the nozzle is .005". The wood is
fixtured to the table so that it does not move during high speed

traversing.
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The gas flow pressure for the CO, gas is 5 psi, for
the helium gas is 75 psi, and for the nitrogen gas is 45 psi.
The high voltage tank temperature is kept at 36°C and the gas
blower temperature is kept at 124°C. The refill gas pressure of
the gas mixture used to attenuate the beam through the
manipulation of the CO, pressure is 33 mbar. The chiller
temperature is 35°F and the average amperage settings of the
glas flow tubes is 135 ma. The power'setting for the laser is

500 watts.

The purge gas is set through the top bleed in
orifice of the nozzle at 5 psi located at 7.8" above the wood
piece. The side flow is entered at the left-hand side of the
bell-shaped housing with the center of the nozzle at .45" above
the wood piece. The angle of entry is +5° to the horizontal
plane of the wood piece. The side flow 1is set at 40 psi.

Standard grade helium gas 1s used as a purge gas.

The powder material used is supplied by the Evtech
Company under the product code of No. F40241. The flow rate of
the powder is set at 35 grams per minute. The spread from the
nozzle is from 1/4"™ to 3/4" from the left side to the right side
of the nozzle. The speed of the traverse is 75" per minute.
The powder flow starts before the table moves and the laser

power is applied .5 seconds after the table moves.

The lens used has a 5" effective focal length and a
plano convex configuration. The focal point is set 7" away from
the zero, i.e., the distance of the wood piece to the face of
the lens is 12". The orifice opening used to direct bleed in

flow is .5". The mode of the COZ laser is continuous wave. The
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gap from the top of the wood piece to the bottom of the
bell-shaped housing is .15". A satisfactory coating on the wood

pleces was obtained.

While the present invention has been described in an
illustrative manner, it should be understood that the
terminology used 1is intended to be in a nature of words of

description rather than of limitation.

Furthermore, while the present invention has been
described in terms of a preferred embodiment thereof, it is to
be appreciated that those skilled in the art will apply these

teachings to other possible variations of the invention.

The embodiments of the invention in which an
exclusive property or privilege is claimed are defined as

follows:
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IMS

- ]

1. A method of applying particles to a substrate
comprising the steps of:

positioning an applicator over the top surface of a

substrate to be coated,
mixing particles with at least one inert gas in said

applicator,
energizing said particles with laser energy, and

causing said particles to adhere to the top surface

of the substrate.

2. A method according to claim 1 further comprising the
step of premixing said particles with at least omne inert gas in

a tank prior to said mixing step in said applicator.

3. A method according to claim 1, wherein said
applicator comprises an upper nozzle section and a lower

bell-shaped section.

4, A method according to claim 1, wherein said
applicator is placed in close proximity to said top surface of

the substrate.

5. A method according to claim 1, wherein said
applicator is placed over said top surface of the substrate at a

distance of not more than 1 in.
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6. A method according to <claim 1, wherein said
particles are 1liquid paint particles or solid powder coating

particles.

7. A method according to claim 1, wherein said laser
energy 1s generated from a laser selected from the group

consisting of a COZ, a CO, a NdYAG and an ion laser,

8. A method according to claim 3, wherein said upper
nozzle section and said lower ©bell-gshaped section being

separated by a lens having a diameter of at least 3 in.

9. A method according to claim 3, wherein sald lower

bell-shaped section having an opening of at least 5" diameter.

10. A method according to claim 1, wherein said laser
energy used to energize sald particles has a wavelength of

between about 9.5 and about 10.5 micrometers.

11. A method according to claim 1, wherein said laser
energy used to energize said particles has a wavelength of about

9.8 micrometers.

12. A method according to claim 1, wherein said at least
one inert gas 1s selected from the group consisting of helium,

argon, and nitrogen.

13. A method according to claim 1, wherein said at least

one inert gas is helium.
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14. A method according to claim 1, wherein said
particles energized by said laser energy are at least partially

molten.

15. A method according to claim 1, wherein the pressure
of sald at least one inert gas causes said particles to adhere

to the top surface of the substrate.

16. A method of coating a substrate with a power coating
material comprising the steps of:
providing a substrate having a top surface to be
coated,
generating a laser beam from a laser source and
causing said laser beam to defocus into an attenuated laser beam,
mixing particles of a powder coating material with
at least one inert gas forming a particles/inert gas mixture
such that the particles are substantially suspended in said at

least one inert gas,
delivering said particles/inert gas mixture into

sald attenuated laser beam, and

causing said particles to adhere to the top surface

of sald substrate.

17. A method according to claim 16, wherein said laser
beam is defocused into an attenuated laser beam in a bell-shaped

applicator.

18. A method according to claim 16, wherein said laser
source is selected from the group consisting of a CO,, a Co, a

NdYAG, and an ion laser.
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19. A method according to claim 16, wherein said 1laser

being defocused into an attenuated laser beam by an optical lens.

20. A method according to claim 16, wherein said laser
being defocused into an attenuated laser beam by an optical lens

having a diameter of at least 3".

21. A method according to claim 16, wherein said at
least one inert gas is selected from the group consisting of

helium, argon, and nitrogen.

22. A method according to claim 16, wherein said powder
coating material is substituted by a liquid coating material.

23. A method according to claim 16, wherein said laser
energy used to energize sald particles has a wavelength of

between about 9.5 and about 10.5 micrometers.

24, A method according to claim 16, wherein said laser
energy used to energize said particles has a wavelength of about

9.8 micrometers.

25, A method according to claim 16, wherein said at
least one inert gas 1is selected from the group consisting of

helium, argon, and nitrogen.

26. A method according to claim 16, wherein said at

least one inert gas 1s helium.
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27. A method according to claim 16, wherein said
particles energized by said laser energy are at least partially

molten.

28. A method according to claim 16, wherein the pressure
of said at least one inert gas causes said particles to adhere

to the top surface of the substrate.

29, A method according to «claim 17, wherein said
bell-shaped applicator having an opening for the discharge of

said particles/inert gas mixture onto a substrate.

30. An apparatus for applying particles to a substrate
comprising:
a laser generating device for producing a laser beam,
a particle storage device capable of holding a
mixture of particles and at least one inert gas,
an applicator for receiving said laser beam and said
mixture of particles and at least one inert gas such that laser
energized particles can be delivered to a top surface of said

substrate.

31. An apparatus according to claim 30, wherein said
particle storage device 1s a fluidized bed for a powdered

coating material.

32. An apparatus according to claim 30, wherein said
laser generating device is selected from the group consisting of

a C0,, a CO, a NdYAG and an ion laser.
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33. An apparatus according to claim 30, wherein said
particles are liquid paint particles or solid powder coating

particles.

34, An apparatus according to claim 30, wherein said at
least one inert gas 1s selected from the group consisting of

helium, argon, and nitrogen.

35. An apparatus according to claim 30, wherein said at

least one inert gas is helium.

36. An apparatus according to claim 30, wherein said
applicator comprises an upper nozzle section and a lower

bell-shaped section.

37. An apparatus according to claim 36, wherein said
upper nozzle section and said lower bell-shaped section being

separated by a lens having a diameter of at least 3 in.

38. An apparatus according to claim 36, wherein said
lower bell-shaped section having an opening of at least 5"

diameter.

39. An apparatus according to claim 30, wherein said
laser beam generated has a wavelength of between about 9.5 and

about 10.5 micrometers.

40. An apparatus according to claim 30, wherein said

laser beam generated has a wavelength of about 9.8 micrometers.

-30-



WO 97/10061 PCT/US96/14541

41. An apparatus according to claim 30, wherein said

laser energized particles are at least partially molten.

42. A coating applicator comprising:

an upper chamber adapted to receive a laser beam,

a lower chamber adapted to receive coating particles
suspended in at least one inert gas at near a bottom opening of
said chamber, '

an optical 1lens situated in between said wupper
chamber and said 1lower chamber for providing optical
communication between said chambers,

said optical lens defocuses said laser beam into a
beam of larger diameter at said opening of said lower chamber to

energize said coating particles.

43, A coating applicator according to claim 42, wherein
said coating particles being energized by said laser into an at

least partially molten state.

44, A coating applicator according to claim 42, wherein
said coating particles after being energized exit the bottom

opening of said applicator to adhere to a surface of a substrate.

45, A coating applicator according to claim 42, wherein
said laser beam is generated from a source selected from the

group consisting of a C0,, a CO, a NAYAG and an ion laser.
46, A coating applicator according to claim 42, wherein

said at least one inert gas is selected from the group

consisting of helium, argon, and nitrogen.
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47. A coating applicator according to claim 43, wherein
said lower chamber 1is &a bell-shaped chamber having a bottom

opening.

48 . A coating applicator according to claim 44, wherein
said bottom opening of sald applicator is positioned in close

proximity to the surface of said substrate.

49, A coating applicator according to claim 42, wherein
said coating particles are powders or liquid particles.

50. A coating applicator according to claim 42, wherein
said laser beam has a wavelength of between about 9.5 and about

10.5 micrometers.

51. A coating applicator according to claim 42, wherein

said laser beam has a wavelength of about 9.8 micrometers.

52. A coating applicator according to claim 42, wherein

said at least one inert gas is helium.

-32-



WO 97/10061

1/2
N
/
—
—
——

PCT/US96/14541

FIG. L

20 7




PCT/US96/14541

WO 97/106061
2/2
L
Z
26' /
A
\/\._T
p | = |
\ 52  E——  S—— 1
42
46 3
56
44




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US96/14541

A.  CLASSIFICATION OF SUBJECT MATTER

IPC(6)

US CL :118/308,720,722; 427/197, 256,422, 596

:BOSB 7/00; BOSD 1/02, 5/00; C23C 14/30, 16/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

U.S. : 118/308,720,722; 427/197, 256,422, 596

Documentation searched other than miﬁmumdoamwntbnmmemmn:whdocumansmwludedindwﬁddsmmhed

Ebcuonicdnhbucoomuheddwingtheinwmnﬁondmh(mmeofdﬂabuemd,wherepnaiable.mhwrmlmed)

C. DOCUMENTS CONSIDERED TO BE RELEVANT -
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US, A, 5,043,548 (Whitney et al) 27 August 1991, Entire 1-52

Document.

D Further documents are listed in the continuation of Box C. D Secc patent family annex.

A Special categories of cited documents:

*A° document defining the gemoral state of the art which is not considered
10 be of particular relevance

“E cartier document published on or after the imternational filing date

°L* document which may throw doubts oa priosity claim(s) or which i
cited 10 comblish the publication dete of snother citation or other
special reasca (as specified)

°0* document referring 10 aa oral disclosure, wse, cxhibition or other
L]

P published prior 10 the international filing date but lster then

document

T later docusnent published after the iternational filing dade or priority
date and not in conflict with the application but cited to understand the
principie or theory underlying the imvention

document of pasticular rek ; the claimed invostioa cannot be
comsidered novel or cansot be comsidered 1o imvolve an inveotive step
whea the documment is taken alone

oy

being obvious 10 & persoa skilled im the art

‘& documnent member of the same patent family

Date of the actual completion of the international search

30 OCTOBER 19%6

Date of mailing of the international search report

2 8 JAN 1997

Name and mailing address of the ISA/US
Commissioner of Patents and Trademarks

Box PCT
Washingtoa, D.C. 20231
Facsimile No.  (703) 305-3230

_\Authoriud officer (\y‘ I E!

|/ BERNARD D. PIANALTO
Telcphone No. __ (703( 3082332

Form PCT/ISA/210 (second sheet)(July 1992)»




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

