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(57) An apparatus for coating samples or small quantities of internally and externally threaded fasteners includes a
powder feed, an induction heater, and dust collection system. A reciprocating, magnetized holder engages a friction
drive to rotate a stud 1n front of a spray nozzle. In another embodiment, a nut sample machine includes a reciprocating
powder spray nozzle mounted on an air cylinder and a water cooled support block for the nut. In a third embodiment
a hydraulically controlled gate 1s sequenced with the reciprocating powder feed, providing a continuous coating
operation. Methods for applying coating to the samples include steps that employ these embodiments.
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APPARATUS AND METHOD FOR
PRODUCING COATED FASTENER SAMPLES

Abstract
An apparatus for coating samples or small quantities of
internally and externally threaded fiastene’-r's includes a powder
feed, an induction heater, and dust collection system. A

reciprocating, magnetized holder engages a friction drive to rotate

a stud in front of a spray nozzle. In another embodiment, a nut

sample machine includes a reciprocating powder spray nozzle mounted

on an air cylinder and a water cooled support block fo: the nut.
In a third embodiment a hydraulically controlled_gate is sequenced
with the reciprocating powder feed, providing a continuous coating
operation. Methods for applying coating to the samples include

steps that employ these embodiments.
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APPARATUS AND METHOD FOR PRODUCING COATED FASTENER SAMPLES

Background of the Invention

The present invention relates to an improved process and
apparatus for the manufacture of threaded fasteners having a
coating or patch applied to the threads. More particularly,
rhis invention relates to a method and device for the
manufacture of sample fasteners, where it 1s necessary Lo
develop new products or produce small quantities of existing

products as samples for potential customers.
Prior art patents disclose various methods and devices for
applying 1locking patches or coatings of resilient resin.

Generally, a rotatable table or endless belt conveyor 18

disposed to receive fasteners and transport them through a

and 4,835,819 to Duffy et al.

In the past attempts have been made tO develop machines
that could produce individual or small quantities of sample
product. The attempts, however, have resulted in machines that
were makeshift, not compact and difficult to regulate. Some of
these problems and the concepts of some aspects of the present
invention, are disclosed in U.S. Patent No. 4,835,819.

summary of the Inventlon

The invention provides an apparatus for coating the
rhreads of a fastener, comprising means for heating the
fastener, spray means for spraying powder on the threads of the
fastener, including means for controlling the rate of powder
spray, means for linearly moving the fastener between the
heating means and the spray means, the moving means including
means for rotatably supporting the fastener and a motor adapted
to rotatably engage the moving means to rotate the fastener.

Another aspect of the invention provides an apparatus for
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coating the threads of a fastener, comprising means for heating
the fastener, fixed means for supporting the fastener, spray

means for spraying powder on the threads of the fastener,
including means for controlling the rate of powder spray and
reciprocating means for reciprocatingly moving the spray means
through the fixed supporting means and fastener.

Another aspect of the invention pertains LO a process for
applying a powder to coat threads of an externally threaded
fastener, comprising supporting the fastener on a rotatable and
linearly movable support, moving the fastener 1into close
proximity of a heater to heat the fastener to a temperature
sufficient to enable the powder to adhere to the threads,
moving the fastener in front of a nozzle adapted to spray the
powder, the movement also engaging a motor adapted to rotate
the fastener aﬁd the support and spraying the powder to form a
coating on the fastener while the fastener 1is rotating.

gstill further the invention provides a' process for
applying'a.powder'to coat a portion of threads of an internally
threaded fastener having an inside and an outside, comprising
placing the fastener on a fixed support, heating the fastener,
actuating a double-action hydraulic cylinder to move a nozzle
inside the fastener, spraying powder through the nozzle onto
the threads while the nozzle moves inside the threaded portion
of the fastener, removing the nozzle from the fastener and
cooling the fixed support by a moving fluid.

gtill further the invention comprehends an apparatus for
coating threads of a fastener, the threads winding around a
longitudinal axis of the fastener, a powder reservoir, a nozzle
for spraying powder on the threads of the fastener, a conduilt
communicating with the reservoir, a pressurized air supply tube
for carrying the powder into and through the nozzle, the tube

communicating with and creating a negative pressure within the

conduit to convey powder from the reservolr to the nozzle and
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means for moving the fastener between the heating means and the
nozzle, characterized by an adjustable air 1input aperture
operatively associated with the conduit for controlling the
flow-rate of the powder spray.

The invention also comprehends a method for coating the
threads of a fastener, the threads winding around a
longitudinal axis of the fastener, comprising heating the
fastener, spraying powder by means of a nozzle on the threads
of the fastener, carrying the powder with pressurized air 1into
and through the nozzle, the air supply tube communicating with
and creating a negative pressure within a conduit communicating
with the powder reservoir to convey powder from reservoir to
the nozzle and moving the fastener between heating means and
the nozzle, characterized by adjusting an air input aperture

operatively associated with the conduit for controlling the

flow-rate of the powder spray.

The above aspects and others, which
will become apparent in the description,

are achieved by providing apparatuses and methods
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DOCKET NO. 1784
for applying powder to threaded articles, including fasteners such
as threaded studs. In one aspect of the invention a means for
heating raises the temperature of the threaded article so that
powder will adhere to the fastener to form a coating.

Means is also provided for spraying the powder, including a
means for controlling the rate of spray. Means is also provided
for linearly moving the fastener between the heating means and the
spraying means. The moving means includes support for the fastener
that can be rotatably engaged with a motor to rotate the fastener
during coating.

In another embodiment the apparatus includes a heating means
and a fixed means for supporting the fastener. An air nozzle for
spraying the powder 1s operatively connecﬁed to a reciprocatingly
moving means that moves through the support and the fastener to
coat the threads.

Other aspects of the apparatus with the fixed support can

include an angularly disposed support surface so that fasteners

slide down the so-called downtrack by gravity. A gate or end stop
at the end of the downtrack controls the movement of the fasteners
and is interactively connected to the reciprocating nozzle.

Also disclosed is a preferred embodiment of a powder feed
system which includes a reservoir, a nozzle, a vibrator with
amplitude control, and an exit tube that runs both above and
through the reservoir, with the tube having at least one aperture

through which powder exits. A powder supply tube runs from the
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DOCKET NO. 1784
exit tube to the nozzle, and preferably the two tubes are not
connected, so that negative air pressure in the powder supply tube
does not draw powder through the exit tube. The exit tube more
preferably includes a spring loaded male fastener to adjust the
size of the aperture in the exit tube and thereby additionally
control the rate of powder feed.

Various methods are disclosed for efficiently coating small
quantities of samples of different types of threaded fasteners.
In addition, more precise means of controlling the reciprocation
of the nozzle and the actuation of the spraying process are

described.

Description Of The Drawings

The novel features which are characteristic of the invention
are set forth in the appended claims. The invention itself,
however, together with further objects and attendant advantages
thereof, will be best understood by reference to the following
description taken in connection with the accompanying drawings, in
which:

FIGURE 1 is a perspective view of one embodiment of the
invention used to produce externally threaded fastener samples;

FIGURE 2 is a perspective view of one embodiment of the

invention used to produce internally threaded fastener samples;
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FIGURE 3 is a wiring diagram showing the essential connections
that control the reciprocating powder nozzle of the embodiment
illustrated in FIG. 2;

FIGURE 4 is a block diagram illustrating the sequence of
operation of the air cylinder in the embodiment illustrated in FIG.
2; .

FIGURE 5 is a perspective view of the support block of the
embodiment illustrated in FIG. 2, with the nozzle set at the bottom
of the fastener;

FIGURE 6 is a perspective view of a second embodiment of the
invention used to produce internally threaded fastener samples and
which can operate in a continuous mode;

FIGURE 7 is a perspective view of the discharge end of the
embodiment illustrated in FIG. 6; as shown with FIGURE 5;

FIGURE 8 is a plan view of the discharge end of the embodiment

illustrated in FIG. 6;

FIGURE 9 is an elevation view of the discharge end of the
embodiment illustrated in FIG. 6;

FIGURE 10 is an elevation view of the stop mechanism for the
workpiece following the coated internally threaded fastener of the

embodiment illustrated in FIG. 6;

FIGURE 1]l is a cross section view of the downtrack of the

embodiment illustrated in FIG. 6;
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FIGURE 12 is a schematic diagram of the operation 6f the
powder spray assembly of the embodiment illustrated in FIG. 6 with
the nozzle in the up position;

FIGURE 13 is an elevation view of the powder supply assembly
which can be incorporated in the embodiments illustrated in FIGS.
l, 2 and 6; as shown with FIGURE 10; and

FIGURE 14 is an elevation view of the bracket and microswitch

that control the vibratory powder feed mechanism, as shown with

FIGURE 10.

Description Of The Preferred Embodiments

FIGURE 1 depicts one embodiment of the device used to process
externally threaded fastener samples of all types. A means for
holding and reciprocating a fastener such as stud sample 10 with
head l10A includes magnet assembly 1l1. The magnet assembly, which
1s resistant to temperatures as high as 800°F, is comprised of an
aluminum sleeve containing an Alnico V permanent magnet. The
sleeve is attached to one end of a steel shaft 12 that is held in
a double row angular contact ball bearing 14 to allow rotation with
minimum wobble. Seals 15 are typically employed at each end of the
bearing housing. A knurled wheel 16 is attached to the other end
of shaft 12 to provide rotation via friction drive as described
below.

The magnet assembly, shaft 12, bearing 14, and wheel 16 are
mounted on bracket 20, which i1s attached to linear ball slide 22.

The slide 22 allows restricted linear motion which is necessary for
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DOCKET NO. 1784
positioning of the fastener 10 with respect to coil 26 and spray

nozzle 44. Reciprocating motion, as indicated by arrow AB, can be
facilitated by handle 24. The preferred embodiment contemplates
that the fastener will be moved by hand, but conventional
electromechanical means known to those of ordinary skill in the art
can also be employed. An induction generator 28 provides power to
coil 26. The generator 28 may include but is not limited to a S5kw,
50khz or 10kw, 450khz generator.

The induction coils 26 should be tailored to fastener length
and diameter to obtain uniform heating. The head end of the stud
will tend to be cooler than the other end due to the heat sinking

capacity of the head and magnet assembly. To compensate for this,
more energy needs to be applied to the head end. This may be
accomplished by having the coil turns spaced closer together or of

smaller diameter at the head end. The free end of the stud should
protrude through the coil approximately 3.0 to 3.5mm.

Once a fastener 10 has been heated by coil 26, it is coated
with a thermoplastic powder, or other resilient resin, resulting
in a Nycote® or Teflon®-type coated product. The powder is
supplied by a powder metering and supply means which includes a
powder reservoir 32. Powder supply is regulated by controlling the
vibration applied to reservoir 32 and/or the negative pressure
developed in powder supply line 40. Reservoir 32 sits on bracket

plate 34. The plate 34 is moved by the arms 36 of vibrator 38,
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which provides up to 7200 cycles per minute and possesses an
amplitude adjusting controller.

As the reservoir 32 is vibrated, powder 30 falls through
rotatable sleeve 41 with aperture 41A, inside tube section 43. As
powder 30 falls into pipe 40, forced air is supplied through pipe
42 in the direction of arrow D. This creates a negative pressure
in powder supply pipe 40 so that the powder 30 moves from supply
pipe 40 to nozzle pipe 42 and forces the powder 30 through nozzle
44 onto heated fastener 10. Excess powder is removed by vacuum
pick-up 50 in the direction of arrow E. Alternative dust
collection systems known in the art can also be used. An
alternative of this supply technigue 1is discussed below and
illustrated in FIG. 13, and ensures that the powder feed rate is
a function only of the vibration of the reservoir,

A means for rotating the fastener engages the sample holding
means. Rotary motion is accomplished by a friction drive through
rubber wheel 60 mounted on gear reducer 62 and driven by a

fractional horsepower D.C. motor 64, which can be but 1is not

limited to a Bodine D.C. model #560, type NSH-12RH. The motor 1is
controlled by an appropriate speed controller (not shown). The
motor is mounted on bracket 66 in spaced relation to the sample
holding means so that adequate engagement is provided between the
rubber wheel 60 and the knurled wheel 16 for rotation of the

latter.
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DOCKET NO. 1784
Various support tables or frames can be used to adapt to the
configuration of this and other embodiments.

The preceding embodiment is typically used for coating steel

weld studs and screws with a size range of M6 x 15mm through Ml2
x 50mm, although 1larger diameters and 1longer 1lengths can be
accommodated. The method of coating these fasteners begins with

the centering of the stud on the magnet to prevent wobbling during

rotation. The center line of nozzle 44, which is preferably
adjustable in all directions, is aligned with the center line of
stud 10. Nozzle 44 should be positioned approximately 6 to 10 mm,
more preferably 6.5 to 9.7 mm, from the stud. This will assure

that nozzle 44 clears both the stud head 10A and the magnet

assembly 11.

The 1induction generator 28 is adjusted to heat a stud to
approximately 700° to 900° Fahrenheit, and more preferably 770° to
825° Fahrenheit, in three to five seconds. Temperature can be
measured by a non-contact sensor system, a melting temperature
crayon, or temperature measuring liquid. Motor speed is adjusted
to 60 rpm, with the air flow set at 90 psi at 40 scfm. The powder
flow rate is controlled principally by the amplitude of vibration,
and secondarily by the negative pressure in pipe 40 and the
adjustment of aperture 41lA. Increasing amplitude and air flow
while reducing the aperture opening increases powder flow.

An initial trial should be made with the motor speed and air

flow as described above. Vibrator amplitude should be set at 50
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percent and the aperture left completely open. The stud 10 is
manually advanced until its threaded portion is within coil 26.
Generator 28 is energized until the threaded portion reaches its
desired temperature. The bracket 20 with stud 10 is retracted
along linear ball slide 22 to stop 23, engaging wheel 60 and
knurled wheel 16. The vibrator 38 is then turned on, causing
powder to flow. The rotating stud 10 is then sprayed, usually for
3 to 10 seconds, until the proper coating weight is achieved.
Typical .coating weights are approximately 0.062 grams for an M1l0
x 35mm piece and approximately 0.091 grams for an Ml12 x 35mm piece.
After the initial set-up, trial runs and the necessary alignment
and adjustments have been made, production of the samples can be
commenced.,

FIGURE 2 depicts the preferred embodiment of a sample machine
for coating the inside of an internally threaded fastener such as
nut 110. Heat is supplied by coil 126 and generator 128 in a
manner similar to that described above. The coi1l 126 preferably
has two or three turns and is rotatably mounted as indicated by

arrow F, permitting easy access to nut 110. Alternatively, if the
coil is not rotatably mounted, the inside diameter of the coil
should be large enough so that nuts can be passed through the coils
and placed on support block 112, The powder metering and
application system is also similar to that described above. Powder

130 in reservoir 132 is provided through supply pipe 140. Control

of the powder flow is provided in part by high velocity air
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supplied through tubing 142, vibrator 138, and aperture 141A., Dust
collection unit 150 removes any excess powder 130,

A fixed means for supporting fastener 110 includes a cored
aluminum block 112 supported on bracket 114. The cored block 112
permits the flow of water for cooling. Water is carried to block
112 by tube 116 and returned by tube 118 to pump 120. Pump 120 can
be a submersible pump or a self-priming vertical centrifugal pump.
A capacity of one to three gallons per minute at 10 feet of head

is adequate capacity. Block 112 has a hole in its center so that

nozzle tube 144 can be vertically reciprocated through the block
to apply powder to the internal portion of nut 110, whose threaded
opening is aligned with the opening in block 112. A piece of brass
stock (not shown), with an upwardly extending lip, and dimensioned
for each nut size, can be attached to the top of block 112 to
facilitate centering of the nut.

A reciprocating means for applying the powder includes a
nozzle holder 162 mounted on a double action pneumatic cylinder
160. working air for cylinder 160 is directed by a solenoid
activated four way directional control valve 164, which controls
air flow through tubes 166 and 168. Flow control valves 170 and

172 in each air line 166 and 168 are used to adjust the speed of
the stroke of the piston of cylinder 160.

The operation of the reciprocating nozzle can be best
understood with reference to the wiring diagram in FIG. 3. Two

adjustable limit switches, lower switch 176 and upper switch 178,

- 10 -
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provide the means for controlling and adjusting the cylinder
stroke. Either magnetically activated reed switches or
electronic microswitches can be used. When power 1s turned on
at power switch 175, the vibrator and the air valve solenoid
are activated. Air flows through the solenoid valve into line
166, extending the piston of cylinder 160. At this 1instant
current flows through both microswitches 176 and 178 and relay
177. As the piston 160 advances, lower microswitch 176 18
opened. When nozzle holder 162 reaches its maximum height,
upper switch 178 is opened, switching solenoid alr valve 164 so
2ir can flow out of 1line 166 and through tube 168, thus
retracting the piston of cylinder 160. When the downstroke ot
the piston of cylinder 160 is completed, lower limit switch 176
is closed. At this point the cycle is complete and the power

can be shut off.

Nozzle holder 162 is mounted on a linear ball slide (not
shown) to ensure that nozzle 144 does not wobble and is guided

through the hole in the support block and into the nut.

The lower edge of nozzle 144 can be flush with the bottom
surface of nut 110 to coat all threads. Alternatively, if 1t
ig desired to leave some threads uncoated, the nozzle should
begin its upward stroke from a point further inside the
threaded portion of nut 110. The powder spray ailr from line
142, which exits nozzle 144, creates negative pressure in
powder supply tube 140, thus transporting powder 130 1into

nozzle 144 for application to nut 110.
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'In the preferred embodiment nozzle 144 sprays powder while the
nozzle is going up and down inside the threaded fastener. A
constant supply of air through line 142 is always provided, even
when vibrator 138 is deenergized after lower switch 176 is closed.
While lower switch 176 may not necessarily be adjustable, at least
switch 178 must be vertically adjustable to account for different
fastener thicknesses. Different fastener characteristics will
require additional features on the powder spray assembly. For
example, the nozzle 144 should be vertically adjustable. This is
necessary if the fastener 110 has an unthreaded (and so not to be
coated) portion that is deeper in distance than the space between
the two microswtiches.

Another desirable feature 1s the addition of another
microswitch that controls the powder flow preferably when the
vibrator, and not air to the spray nozzle, is the only device
controlling the powder flow rate. This embodiment of the powder
feed system 1is described later (FIG. 13). The additional
microswitch 186, shown in FIG. 14, 1is operated by a bracket 180
with an adjustable screw 182 and nut 184. Bracket 180 is attached
to nozzle holder 162. This is also known as an overtravel switch,
and permits control of the powder feed so that counterbored
(unthreaded) portions of the nut are not coated. Switch 186
remains closed during the vertical travel of its plunger 187. Only

when plunger 187 is completely released by screw 182 is switch 186

opened to permit powder feed. Thus, bracket 180 and screw 182

- 12 -
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control the length of travel of plunger 187, which corresponds to
the length of the counterbored section.

The bracket 180 with the adjustable screw 182 keeps the
overtravel switch 186 closed, so that the nozzle moves upward and
air is supplied to the nozzle, but no powder is supplied to the
nozzle until it passes the counterbored section and enters the
threaded portion of the fastener that reguires coating. Similarly,
as the piston retracts through the fastener, the switch is closed
as the nozzle moves from the threaded portion to the counterbore
portion, shutting off the powder flow to the nozzle. This feature
eliminates human errors that occur if the powder is controlled by
an operator.

The set-up and operation of the nut sample machine is similar
to the stud machine described earlier, with changés obviously made
to accommodate the different features. FIGURE 4 is a flowchart of
the general operation of the air cylinder, which moves the noz:zle
during coating. In setting up, the nozzle is positioned with
respect to the bottom of the nut, the limit switches are adjusted
to coordinate the cylinder stroke with the nut thickness, and then
the cooling water for the support block is turned on. The time it
takes for the nut to reach approximately 800° Fahrenheit plus or
minus 25° Fahrenheit is measured, the powder spray air and dust
collector are activated, and then the vibrator control is set at

50 percent and the aperture 141A is left wide open. Coating can

- 13 =
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then be applied by activating on-off switch 175 to cycle through

the operating sequence of the reciprocating spray nozzle.

After the first sample is coated it should be inspected for
coating weight and continuity of coating. Then the appropriate
adjustments can be made. Typical coating weights are:

M6 x 1.0 Pierce Nuts = .023 grams/piece
M8 x 1.25 Pierce Nuts = .036 grams/piece
x

MB 1.25 Weld Nuts = .027 grams/piece
M8 1.75 Weld Nuts = .071 grams/piece

The normal size range of the nuts, which an be ferrous or non-
ferrous, is from M6 x 1.0 to Ml2 x 1.75, although larger and
smaller pieces may also be easily coated.

FIGURE 6 depicts another embodiment of a nut sample machine,
this one capable of coating a continuous supply of various types
of threaded article nuts 210. A typical continuous supply means
212, such as any commercial vibratory feeder properly tooled to

orient the fastener, supplies nuts 210 to downtrack 214.
Alternatively, the nuts can be fed manually onto downtrack 214.
Gravity impels the nuts along downtrack 214 through induction
heater 226, which is powered by generator 228. At the bottom of
downtrack 214 gate means 280 controls the movement of the nuts, soO
that a powder coating can be applied and then the coated nut is
released and another nut is allowed to slide into place for

coating.
Downtrack 214 is depicted in cross section in FIG. 1ll. Track

214 includes, but is not limited to, a non-asbestos transite

- 14 -
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material with glass rods 216 provided to eliminate friction as
the nuts slide. Upper glass rod 218 is adjustably fixed to
ensure that nuts 210 are held down and do not buckle or fall
out of downtrack 214. Induction heater 226 heats the nuts soO
that powder coating can be applied to the internal threads. In
another contemplated embodiment not shown, the bottom of
downtrack 214 is flattened to a generally horizontal position
so that nut 210 is horizontal and nozzle 244 and cylinder 260,
as seen in FIGURE 12, operate vertically rather than at an

angle.

FIGURE 12 depicts the general wiring and operational
features of the powder application means. Reservoir or funnel
232 is vibrated by vibrator 238. The vibration and forced air
provide powder to supply pipe 240 1n a manner siqilar to that
previously described. Air 1is supplied to the nozzle 244,
creating negative pressure in pipe 240 and drawing powder into
the nozzle. When air electric solenoid or solenoid controlled
air valve 264 is opened, air flows to double acting air
cylinder 260, whose stroke speed is controlled by flow control
valves 270 and 272. The piston of cylinder 260 moves nozzle

holder 262 between adjustable microswitches 276 and 278.

The application of powder is actuated by a signal from the
gate means 280, as will be described below. When a signal is
provided to relay 277, both solenoids 264 and 265 are
activated. Air is then supplied to cylinder 260, wmoving 1t

upward, while solenoid 265 permits air flow to nozzle 244.
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Power is simultaneously supplied to vibrator 238. When the
piston of air cylinder 260 is extended so that wupper
microswitch 278 is contacted, the cylinder piston begins to
retract until it contacts switch 276. This causes the vibrator

and air flow through solenoid air valve 264 to stop.

FIGURES 7, 8, and 9 depict gate means 280. A gate or end
stop 282 holds nut 210A in place for coating by nozzle 244.
End stop 282 includes microswitch 284, which when contacted by
nut 210A signals the powder spray mechanism described above.
When spraying is complete, the retraction of nozzle holder 162
removes nozzle 244 from the threaded interior of nut 210A.
Holder 162 contacts microswitch 284 when nozzle 244 1s
completely withdrawn from nut 210A. The signal from
microswitch 276 causes double action air cyl'inder 287 to
actuate and move stop 286 through the threaded portion of nut
210B, thus holding the next workpiece. While nut 210B 1is held
in place, double action air cylinder 290 opens end stop 282 and
nut 210A slides off downtrack 214 into c¢ooling or rust
prevention bath 292 (FIG. 6). Alternative removal devices such
as conveyors can be placed at the end of downtrack 214. When
end stop 282 closes, the stop 286 for the next
piece, nut 210B, 1is withdrawn. FIGURE 10 depicts one
embodiment in which stop 286 is above downtrack 214, whereas
FIG. 7 depicts it below the track. Nut 210B then slides down
track 214 until it is stopped by closed end stop 282. Contact
of the nut with microswitch 284 restarts the powder application

cycle. As powder is sprayed on the threaded portion
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of the nut, dust or vacuum collection system 250 removes excess
powder.

FIGURE 13 is an alternative embodiment of the powder feed
assembly, using only a vibrator to control the powder feed rate.
Powder 430 in reservoir 432 is supported by bracket 434 and support
surface 435. As the vibrator (not shown) shakes reservoir 432,
powder 430 falls through aperture 441A in tube 433 into tube 443.
The powder 430 passes through air gap 444, funnel 446, tube 448,
and into powder supply tube 440. Supply tube 440, as with tube 40,
is subjected to a negative pressure by the air supplied to the
powder spray nozzle (not shown in FIG. 13). Air gap 444 eliminates
the effect of that negative pressure, so that the powder feed rate
1s solely a function of the vibration, and so powder 1is not
accidentally sprayed when air is supplied to the nozzle but the
system i1s otherwise not operational. Hex head, externally threaded
elements 436 and 437 permit the adjustment of gap 444.

Hex cap screw 439 can be turned so that the position of the
bottom of the screw 439 determines the size of aperture 441A, which
thus affects the powder supply rate. Hex nut 441 and compression
spring 442 keep screw 439 from 1loosening during vibration.
Aperture 441A can be varied in size, and in fact a plurality of
holes can be placed around the circumference of tube 433, limited
of course by powder characteristics and the size of tube 433.

Of course, it should be understood that various changes and

modifications to the preferred embodiments described herein will

_1'7...
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be apparent to those skilled in the art. For example, the solenoid
valve 164, air pipes 166 and 168, and flow control valves 170 and
172 can be eliminated by using a Valve-in-Head cylinder

manufactured by Allen Air Corp. and attaching an adjustable stroke

kit at the end of the cylinder. Such changes and modifications can
be made without departing from the spirit and scope of the present
invention and without diminishing its attendant advantages. 1It is,
therefore, intended that all such changes and modifications be

covered by the following claims:

- 18 -
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The embodiments of the invention in which an exclusive property

or privilege is claimed are defined as follows:

1. An apparatus for coating the threads of a fastener,
comprising:

means for heating the fastener;

spray means for spraying powder on the threads of the
fastener, including means for controlling the rate of powder
spray;

means for linearly moving the fastener between said
heating means and said spray means, said moving means including
means for rotatably supporting the fastener; and

a motor adapted to rotatably engage said moving means

to rotate the fastener.

2. An apparatus for coating the threads of a fastener,
comprising:

meang for heating the fastener;

fixed means for supporting the fastener;

spray means for gpraying powder on the threads of the
fastener, including means for controlling the rate of powder
spray; and

reciprocating means for reciprocatingly moving sald

spray means through said fixed supporting means and fastener.

3. The apparatus of claim 2 wherein said fixed
supporting means comprises an angularly disposed surtace

whereby the fastener slides down said surface by gravity.

4. The apparatus of claim 3 further comprising a means

for stopping the fastener from sliding.

5. The apparatus of claim 4 wherein the position of said
stopping wmeans controls the movement of said reciprocating

movement means.
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6. The apparatus of claim 1 wherein said spray means

comprises:

a powder reservoir including a top and a bottom;

a nozzle;

a vibrator with an amplitude controller for vibrating
said powder reservoir and for regulating the vibrations of said
reservolr;

an exit tube disposed above and through said reservoir
bottom, said tube including at least one aperture through which
said powder exits from said reservoir; and

a powder supply tube for directing said powder toward
said nozzle, said supply tube being disposed substantially

collinear with, but contiguously separate from, said exit tube.

7. The apparatus of claim 6 wherein said spray means
further comprises means for adjusting the size of said at least

one aperture in said exit tube.

8. The apparatus of claim 7 wherein said spray means

further comprises means for adjusting the separation between said

exit tube and said supply tube.

9. The apparatus of claim 2 wherein said reciprocating
movement means includes a nozzle and a double action hydraulic

cylinder with a piston stroke length directly related to the

position of an adjustable switch.

10. The apparatus of claim 9 further comprising means for

stopping and starting said spray means independently of said

reciprocating movement means.
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11. The apparatus of claim 2 further comprising means for

cooling said fixed supporting means.

12. A process for applying a powder to coat threads of an

externally threaded fastener, comprising:

supporting the fastener on a rotatable and linearly
movable support;

moving the fastener into close proximity of a heater to
heat the fastener to a temperature sufficient to enable the powder
to adhere to the threads;

moving the fastener in front of a nozzle adapted to
spray the powder, the movement also engaging a motor adapted to

rotate the fastener and said support; and

spraying the powder to form a coating on the fastener

while the fastener is rotating.

13. A process for applying a powder to coat a portion of
threads of an internally threaded fastener having an inside and an
outside, comprising:

placing the fastener on a fixed support;

heating the fastener;

actuating a double-action hydraulic cylinder to move a

nozzle inside the fastener;

spraying powder through said nozzle onto the threads

while said nozzle moves inside the threaded portion of the

fastener;
removing said nozzle from the fastener; and
cooling said fixed support by a moving fluid.
14. An apparatus for coating threads of a fastener, the

- 21 -
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threads winding around a longitudinal axis of the fastener

i,

comprising a powder reservoir, a nozzle for spraying powder on the
threads of the fastener, a conduit communicating with the
reservoir, a pressurized air supply tube for carrying the powder
into and through the nozzle, the tube communicating with and
creating a negative pressure within the conduit to convey powder
from the reservoir to the nozzle and means for moving the fastener
between a heating means and the nozzle, characterized by an
adjustable air input aperture operatively associated with the

conduit for controlling the flow-rate of said powder spray.

15. The apparatus according to <claim 14 wherein the
adjustable aperture is an aperture within a rotatable sleeve and

powder passes through the rotatable sleeve and into the conduit.

16. The apparatus according to claim 14, further comprising
a vibrator with an amplitude controller for regulating the
vibrations of said reservoir to assist in the control of the

powder spray flow rate.

17. The apparatus according to claim 14, further comprising
a fastener support including a magnetic assembly being attached to
a shaft, the other end of the shaft being fixed to a knurled wheel
to provide rotation via a friction drive with a rubber wheel which

is provided on an output shaft of a motor.

18. A method for coating the threads of a fastener, the
threads winding around a 1longitudinal axis of the fastener,
comprising heating the fastener, spraying powder by means of a

nozzle on the threads of the fastener, carrying the powder with
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pressurized air into and through the nozzle, an air'supply tube
communicating with and creating a negative pressure within a
conduit communicating with a powder reservoir to convey powder
from the reservoir to the nozzle and moving the fastener between
heating means and the nozzle, characterized by adjusting an air

input aperture operatively associated with the conduit for

controlling the flow-rate of said powder spray.
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