I*I Innovation, Sciences et Innovation, Science and CA 2955174 C 2022/04/12

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 955 1 74
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépo6t PCT/PCT Filing Date: 2015/07/13 (51) ClInt./Int.Cl. BO5D 1/12(2006.01),
(87) Date publication PCT/PCT Publication Date: 2016/01/21 B058 13/06(2006.01)
" . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2022/04/12 SESSA, EUGENE, US:
(85) Entrée phase nationale/National Entry: 2017/01/13 OLESKIE, RAYMOND, US
(86) N° demande PCT/PCT Application No.: US 2015/040104 | (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.; 2016/010877 NYLOKLLC, US
(30) Priorité/Priority: 2014/07/14 (US14/330,725) (74) Agent: BERESKIN & PARR LLP/SEN.CRL,SR.L.

(54) Titre : APPAREIL ET PROCEDE POUR LE REVETEMENT DE FILETAGES INTERIEURS
(54) Title: APPARATUS AND METHOD FOR COATINGS INTERNAL THREADS

(57) Abrégé/Abstract:

An apparatus for applying a thermoplastic powder to internal threads of a fastener includes a vacuum nozzle (36) having an end
adapted to engage a first surface of the fastener. A spray tube is sized to be inserted within the bore of the fastener and
communicates with a source or sources of thermoplastic powder and pressurized air. A bushing (56) is mounted on the spray tube
(54) so that the spray tube (54) is able to slide with respect to the bushing. The bushing is adapted to engage a second surface of
the fastener. The spray tube and bushing are movable between clamping positions, where the vacuum nozzle and the bushing
engage the first and second surfaces of the fastener, and release positions where the vacuum nozzle (36) and the bushing (56) do
not engage the first and second surfaces of the fastener. A fastener holder holds the fastener between the vacuum nozzle and the
bushing so that when the vacuum nozzle (36) and the bushing (56) are in the clamping positions, the spray tube (54) enters the
bore of the fastener and sprays thermoplastic powder on the internal threads of the fastener with excess thermoplastic powder
collected by the vacuum nozzle (36). The vacuum nozzle (36) and bushing (56) may be machined and to permit either, both or
neither of first and second chamfers of the fasteners to also be coated.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191




2016/010877 A1 |1 0100 OO0 O 0

<

W

(43) International Publication Date

CA 02955174 2017-01-13

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/010877 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

21 January 2016 (21.01.2016) WIPO I PCT
International Patent Classification: (81)
BO5B 13/06 (2006.01)
International Application Number:

PCT/US2015/040104

International Filing Date:
13 July 2015 (13.07.2015)

Filing Language: English
Publication Language: English
Priority Data:

14/330,725 14 July 2014 (14.07.2014) US

Applicant: NYLOK LLC [US/US]; 15260 Hallmark

Court, Macomb, MI 48042 (US).

Inventors: SESSA, Eugene; c/o Nylok LLC, 15260 Hall-
mark Court, Macomb, MI 48042 (US). OLESKIE, Ray-
mond; ¢/o Nylok LLC, 15260 Hallmark Court, Macomb,
MI 48042 (US).

Agents: WEINSTEIN, Mitchell J. et al.; Levenfeld Pearl-
stein, LLC, 2 N. LaSalle St., Suite 1300, Chicago, IL
60602 (US).

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))
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(57) Abstract: An apparatus for applying a thermoplastic powder to internal threads of a fastener includes a vacuum nozzle (36)
having an end adapted to engage a first surface of the fastener. A spray tube is sized to be inserted within the bore of the fastener and
communicates with a source or sources of thermoplastic powder and pressurized air. A bushing (56) is mounted on the spray tube
(54) so that the spray tube (54) is able to slide with respect to the bushing. The bushing is adapted to engage a second surface of the
fastener. The spray tube and bushing are movable between clamping positions, where the vacuum nozzle and the bushing engage the
first and second surfaces of the fastener, and release positions where the vacuum nozzle (36) and the bushing (56) do not engage the
first and second surfaces of the fastener. A fastener holder holds the fastener between the vacuum nozzle and the bushing so that
when the vacuum nozzle (36) and the bushing (56) are in the clamping positions, the spray tube (54) enters the bore of the fastener
and sprays thermoplastic powder on the internal threads of the fastener with excess thermoplastic powder collected by the vacuum
nozzle (36). The vacuum nozzle (36) and bushing (56) may be machined and to permit either, both or neither of first and second
chamfers of the fasteners to also be coated.



CA 02955174 2017-01-13

WO 2016/010877 PCT/US2015/040104

APPARATUS AND METHOD FOR COATINGS INTERNAL THREADS

FIELD OF THE INVENTION

[0001] The present invention relates generally to devices, systems and methods for applying
thermoplastic powder to fasteners and, in particular, to an apparatus and method for selectively

applying powder coatings onto internally threaded fasteners.

BACKGROUND

[0002] A number of manufacturing processes attach fasteners having internally threaded bores
with open ends, to components by welding. Parts or other components may then be attached to
the fasteners using bolts or other externally threaded fasteners in downstream assembly

operations.

[0003] Examples of such fasteners are the hexagonal nuts indicated in general at 20 in Fig. 1. As
illustrated in Fig. 1, each nut features an annular chamfer portion 22a and internal threads 24
formed within the wall of the bore of the nut. The opposite sides of the nuts 20 not visible in
Fig. 1 each include a second annular chamfer portion. The nuts are provided with weld

projections 26, which are used to weld the nut to a component or part.

[0004] Coatings of thermoplastic material, such as fluoropolymer coatings (28 in Fig. 1), are
often applied onto the internal threads of the nuts, or other fasteners. As an example only, the
thermoplastic material may be TEFLON. The purpose of the fluoropolymer coating is to prevent
the build-up of post applied primers, paints and weld spatter on the threads 24 of the fasteners.
This prevents fouling of the threads that would otherwise impede downstream assembly
operations. The threads are coated up to, and sometimes including, the top (22a) and bottom

chamfers that are at the start and the end of the threads 24.

[0005] When applying fluoropolymer powders into internally threaded fasteners, such as the nuts

of Fig. 1, it is sometimes difficult to prevent the fluoropolymer powder from getting onto the
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external surfaces of the nuts. This is particularly true when the chamfers must be coated with the
fluoropolymer material as well. Thermoplastic material on the exterior surfaces of the fasteners
causes paint or primer not to stick and could cause other downstream process problems. In
addition, it has been noted that if the projections 26 of the weld nuts get contaminated with the

fluoropolymer coating, welding failures and welding equipment damage may result,

[0006] Systems and methods for coating the internal threads of fasteners are known. Examples
include commonly owned U.S. Patent No. 5,141,771 to DiMaio et al. and U.S. Patent No.
5,362,327 to Sessa et al. Each of these patents, however, discloses a nozzle arrangement that
uses a fixed vacuum nozzle positioned above a nut opposite a spray nozzle. The fixed vacuum
nozzle collects the over-sprayed powder. Such fixed vacuum nozzle designs, however, have
limitations with regard to permitting the chamfers to be coating while keeping the outside

surfaces of the fastener clean.

[0007] In view of the above, a need exists for a method and apparatus that generally prevents the
fluoropolymer powder from escaping from the spray zone and getting on the fastener exterior

surfaces.

[0008] A need also exists for a method and apparatus that provides the option to either coat the
top chamfer, the bottom chamfer, neither chamfer or both chamfers of the fastener at the same

time.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Fig. 1 is a perspective view of a group of hexagonal nuts having weld projections and where
the internal threads and chamfers of the nuts may be coated using embodiments of the apparatus and

method of the present invention;

[0010] Fig. 2 is a top plan view of a vacuum nozzle and a spray nozzle assembly and a nut to be

coated in an embodiment of the apparatus of the present invention;

[0011] Fig. 3 is a cross-sectional view of the vacuum nozzle, spray nozzle assembly and nut of

Fig. 2 taken along line 3-3 of Fig. 2;
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[0012] Figs. 4A-4D show the vacuum nozzle and the spray nozzle assembly of Fig. 3 during
stages or steps performed to coat the internal threads of the nut in accordance with an

embodiment of the method of the present invention;

[0013] Figs. SA and 5B are enlarged views of the nut, bottom end of the vacuum nozzle and top
end of the machined bushing of the spray nozzle assembly of Fig. 3 in alternative embodiments

of the apparatus of the present invention;

[0014] Fig. 6 is an enlarged view of the nut, bottom end of the vacuum nozzle, top end of the

machined bushing and spray tube and spray diverter of Fig. 4D;

[0015] Fig. 7 is a block diagram showing an embodiment of a system incorporating an

embodiment of the apparatus of the present invention;

[0016] Fig. 8 is a front perspective view of the spray station of Fig. 7 and a feeder bowl and
supply ramp support bracket;

[0017] Fig. 9 is a rear perspective view of the spray station and feeder bowl and supply ramp

support bracket of Fig. §;

[0018] Fig. 10 is an enlarged top plan view of the spray block of the spray station of Figs. 8 and
9 including a block diagram illustrating an embodiment of the control system of the spray

station.
DETAILED DESCRIPTION OF EMBODIMENTS

[0019] The spray nozzle assembly and vacuum nozzle portion of an embodiment of the
apparatus of the present invention is indicated in general at 30 in Figs. 2 and 3. A nut 32 having
an internally threaded bore 34 is shown positioned in alignment with a vacuum nozzle 36 and a
spray nozzle assembly, indicated in general at 38. An embodiment of the system for placing the
nut in such a position will be described below. While the invention is described below in terms
of a nut, it is to be understood that other types of internally threaded fasteners having bores open

at each end could be processed by the present invention.
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[0020] As illustrated in Fig. 3, the spray nozzle assembly 38 includes a powder pump body 42
that is attached to the proximal end of the spray tube and houses a compressed air jet 44 which
receives pressurized air through an air supply line or tubing (not shown) that is connected to air
inlet connection 46. A powder inlet connection 48 is connected to a powder feeder via a powder
supply line or tubing (not shown). As a result, a thermoplastic powder, such as a fluoropolymer
powder, mixes with the air stream from compressed air jet 44 at junction 52 and the resulting
powder stream is provided to the spray passage 53 of a spray tube 54. While the embodiments
are described below as using a fluoropolymer powder, it is to be understood that alternative

embodiments could use other thermoplastic powders.

[0021] A machined bushing 56 features a central bore and is fitted over the top or distal end
portion of the spray tube 54 and a compression spring 58 is positioned between the powder pump
body 42 and the machined bushing 56 and urges the machined bushing into the position shown in
Fig. 3. The central bore 57 of the machined bushing 56 is sized so that the spray tube 54 is free
to move through the machined bushing in a telescopic fashion. A stop collar 60 is positioned on
the spray tube 54 in a fixed fashion and the bore 57 of the machined bushing features an enlarged
diameter upper portion through which the stop collar may travel. The bore of the machined
bushing also features a lower portion having a reduced diameter so that an annular shoulder is
formed at the intersection with the top portion of the bore. The annular shoulder of the machined
bushing bore 57 engages the underside of stop collar 60 of the spray tube 54 so that upward
travel of the machined bushing 56 with respect to the spray tube 54 is limited to the position
shown in Fig. 3. The distal end portion of the spray tube is sized to be inserted into the bore of

the nut, as described below.

[0022] The spray opening or outlet of the spray tube (the open top of the spray tube in the
illustrated embodiment) is provided with a spray deflector or diverter 62 so that the powder
stream is circumferentially diverted in a generally radial direction. The deflector may take the
form of a disk positioned on the top end of a stem, where the bottom end of the stem is
positioned within the center of the top end opening of the spray tube 54. The stem holds the disk
in spaced relation with respect to the top end of the spray tube so that the powder stream exiting

the spray tube is deflected in a generally radial direction by the disk.
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[0023] Operation of the spray nozzle assembly 38 and vacuum nozzle 36 of Fig. 3 will now be
described with respect to Figs. 4A-4D. Fig. 4A (and Fig. 3) shows the spray nozzle assembly 38,
vacuum nozzle 36 and the nut 32 in alignment so that the nut is in position and ready to have its
internal threads (of bore 34 in Fig. 3) and chamfers coated with fluoropolymer powder. As
illustrated in Figs. 3 and 4A, the bottom end of the vacuum nozzle 36 is positioned above, and in
spaced relationship with, the nut, and the top end of the machined bushing 56 of the spray nozzle
assembly 38 is positioned below, and in spaced relationship with, the nut so that both have not

yet contacted the nut 32 itself.

[0024] During the next step, as illustrated in Fig. 4B, the vacuum nozzle 36 is lowered onto the
top of the nut 32, as indicated by arrow 64. As a result, the interior passage 66 and passage
opening 67 of the vacuum nozzle 36 is aligned with the bore 34 of the nut. With reference to
Figs. 5A, the bottom end of the vacuum nozzle 36 may be machined to either allow the top
chamfer 22a of the nut 32 to be coated (Fig. 5A) or to keep powder off of the top chamfer (Fig.
5B). More specifically, in the embodiment illustrated in Fig. 5B, the end of the vacuum nozzle
36 has been machined with an angle that matches the angle of top chamfer 22a. In the positions
illustrated in Figs. 4B, SA and 5B, the vacuum nozzle 36 is pressing down on the nut 32 and
generally creating a seal or a near-seal. This prevents the powder from escaping and getting on
the outside surfaces of the nut during the spray cycle described below with respect to Figs. 4D

and 6.

[0025] After the vacuum nozzle 36 is in the position illustrated in Fig. 4B, as illustrated in Fig.
4C, the spray nozzle assembly 38 moves upward, as indicated by arrow 68, and the top end of
the machined bushing 56 contacts the underside of the nut 32 (also shown in Figs. SA and 5B).
The machining of the machined bushing 56 may be such that the bottom chamfer 22b of the nut
is exposed for coating (as shown in Figs. 5A and 5B) or covered to prevent the bottom chamfer

from being coated (in the manner illustrated for spray nozzle 36 in Fig. 5B).

[0026] As illustrated in Fig. 5B by dashed line 71, the longitudinal center lines of the fastener
bore, vacuum nozzle interior passage and bushing central bore are preferably aligned when the

fastener is clamped between the vacuum nozzle and the bushing.
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[0027] The powder spray or coating cycle is illustrated in Figs. 4D and 6. During the powder
spray cycle, the spray tube 54 and powder pump body 42 are moved further upwards so that the
top end portion of the spray tube and the spray diverter 62 enter the bore 34 of the nut. As the
spray tube and powder pump body move upward, the spring 58 is compressed so that the top end

of the machined bushing 56 remains seated or in contact with the bottom side of the nut.

[0028] When the spray assembly is in position ready to coat the internal threads of the nut, the
compressed air jet attached to the air inlet connection 46 of the powder pump body 42 turns on.
At the same time, an aspirated powder stream is delivered from the powder feed system thru the
powder inlet connection 48 and the vacuum source connected to the vacuum nozzle 36 remains
on, having been turned on previously. Indeed the vacuum source connected to the vacuum
nozzle 36 may be run continuously during use of the device or system, or may be sequenced to
turn on only during this stage or step of the cycle. The spray nozzle is in continuous motion,
moved upward to the top of the nut, and reversing downward while spraying powder at the same
time, as illustrated by arrows 72 in Fig. 4D. As a result, the top end of the spray tube and the
spray diverter are moved up and down within the bore throughout the thickness of the nut
(indicated at 73 in Fig. 6) while the powder stream circumferentially exits the spray tube so that
the powder stream is sprayed onto the threads of the bore. As explained in greater detail below,
the nut 32 has been heated prior to the coating cycle so that the powder forms a coating when it
contacts the internal treads and exposed chamber(s) (if any). For example, the powder spray
stream 74a corresponds to the spray tube and spray diverter being in the positions indicated at
54a and 62a of Fig. 6, and the powder spray stream 74b corresponds to the spray tube and spray
diverter being in the positions indicated at 54b and 62b of Fig. 6.

[0029] As indicated at 76 in Fig. 6, as the spray cycle occurs, excess powder is drawn from the

process via the vacuum nozzle 36.

[0030] When the spray nozzle is at the bottom of the nut, and the coating cycle is complete, the
powder stream and the air jet are turned off and the spray tube assembly is returned to a location
below the nut (illustrated in Figs. 4A and 4B), not in contact with it. In addition, the vacuum

nozzle is raised into the position illustrated in Figs. 3 and 4A, allowing the nut to be removed
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from the coating position. The vacuum source in communication with the vacuum nozzle either

continues running or is turned off (if sequenced as explained above).

[0031] Because the powder spray is not initiated until after the vacuum nozzle and machined
bushing contact the nut, the top surface and the bottom surface of the nut have been “clamped”
before the powder spray cycle occurs. This allows for the control of either coating the top
chamfer, bottom chamfer, neither chamfer or both chamfers at the same time depending on the
machining of the bottom end of the vacuum nozzle 36 and the top end of the machined bushing

56.

[0032] The vacuum nozzle 36 and spray nozzle assembly 38 of Fig. 3 and described above are
mounted within a spray station, indicated at 80 in the block diagram of Fig. 7. Also indicated in
Fig. 7 is a vacuum source 82 that is connected to the vacuum nozzle 36 to collect excess powder
from the coating cycle, as described above. The vacuum source may be, as examples only, a
central vacuum or suction system of a building or a dedicated vacuum pump for the spray
station. A source of pressurized air 84 is connected to the air inlet connection 46 (Fig. 3) of the
powder pump body 42, while a powder feeder 86 is connected to the powder inlet connection 48
(Fig. 3) of the powder pump body 42. As will be described in greater detail below, the spray
station 80 receives and positions nuts or other fasteners and moves the vacuum nozzle and spray

assembly during the coating and clamping cycles described above with respect to Figs. 4A-4D.

[0033] As illustrated in Fig. 7, a vibratory feeder bowl 88 holds a supply of the nuts (or other
fasteners) to be coated. The nuts leave the feeder bowl and travel down a supply ramp 90 in a
single file or row to the spraying station 80. As the nuts travel down the ramp 90, they are
heated by coil heater 91 and electrical source 93. After the internal threads (and possibly
chamfer or chamfers) of a nut are coated, the nut exits the spray station 80 via exit ramp 92. As
an example only, ramps 90 and 92 may form an angle of approximately thirty degrees with

respect to horizontal.

[0034] Front and back perspective views of the spray station, indicated in general at 80, are
provided in Figs. 8 and 9. In addition, the bracket that supports the vibratory feeder bowl (88 of
Fig. 7) and the upper end of the supply ramp (90 of Fig. 7) is illustrated at 94 in Figs. 8 and 9,
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while the arm that secures the bracket 94 to the spray station is illustrated at 96. The vibratory

bowl and the supply ramp have been omitted from Figs. 8 and 9 for clarity.

[0035] As illustrated in Figs. 8 and 9, the spray station 80 features a spray block 102 that
features a machined fastener channel 104. The spray block is mounted to the framework of the
spray station so that the bottom surface of the fastener channel 104 forms an angle of around
thirty degrees with horizontal. Of course, alternative angles may be used. A top view of the
spray block 102 and the machined fastener channel 104 are provided in Fig. 10. As illustrated in
Fig. 10, the fastener channel is sized so that the heated nuts, indicated in phantom at 32a-32d
may be held and travel through in a single file or row. As a result, and as explained in greater
detail below, the fastener channel serves as a fastener holder for the coating process. Of course
alternative holding arrangements and devices may be used as the fastener holder in alternative

embodiments.

[0036] Returning to Figs. 8 and 9, the spray station features a support plate 106 upon which the
components of the spray station are mounted. The support plate 106 features a window 108
which receives the lower end of the supply ramp (90 of Fig. 7) and through which the nuts travel
to the spray block 102.

[0037] A pneumatic upper slider mechanism, indicated in general at 110 in Figs. 8 and 9,
features an upper slider plate 112 that moves up and down, as indicated by arrows 114. As an
example only, the slider mechanism may be an MXS series slider available from SMC

Corporation of America of Noblesville, Indiana.

[0038] A vacuum nozzle holder 116 is mounted to the slider plate 112 and features a passage
sized to receive the vacuum nozzle 36 in a sliding fashion. The open top end of the vacuum
nozzle is connected to the vacuum source (82 of Fig. 7) via a vacuum line or tubing. The
vacuum nozzle 36 is provided with upper and lower collars 122a and 122b, respectively. A
compression coil spring 124 is positioned between the bottom of the vacuum nozzle holder 116
and the lower collar 122b so that the vacuum nozzle is urged into the position shown in Figs. §
and 9. The upper collar 122a limits downward travel of the spray nozzle 36 with respect to the

vacuum nozzle holder 116.
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[0039] An L-shaped bracket 126 (Fig. 8) is also secured to the slider plate 112 and supports a
fastener stop or gate 128 positioned at the exit of the machined fastener channel 104 of the spray
block 102. Due to the attachment with the slider plate 112, the fastener gate 128 may be moved
between the release position illustrated in Figs. 8 and 9, and the raised or stop position illustrated
in Fig. 10 and indicated in phantom at 128a in Fig. 8. As a result, the fastener gate 128 and
fastener channel 104 of the spray block form an escapement mechanism for handling the

fasteners during the coating process.

[0040] A pneumatic lower slider mechanism is indicated in general at 130 in Fig. 8 and features
a lower slider plate 132 that moves up and down as indicated by arrows 134. A spray nozzle
assembly holder 136 is secured to the slider plate 132. As illustrated in Figs. 8 and 9, the powder
pump body 42 is mounted to the spray nozzle assembly holder 136.

[0041] In operation, when the vacuum nozzle 36 and the spray nozzle assembly 38 are in the
positions illustrated in Fig. 4A, the fastener gate 128 is in the position raised position illustrated
in Fig. 10 and in phantom (at 128a) in Fig. 8. The nuts travel from the vibratory bowl (88 of Fig.
7) down the supply ramp 90, where they are heated by coil 91, and into the machined fastener
channel 104 of the spray block 102 into the positions illustrated at 32a-32b in Fig. 10. As

illustrated in Fig. 10, nut 32a abuts the raised fastener gate 128 so that the gate serves as a stop.

[0042] The nut 32b of Fig. 10 is in the coating position illustrated in Figs. 4A-4D. In other
words, the nut 32 of Figs. 4A-4D is in the position of nut 32b of Fig. 10.

[0043] The vacuum nozzle 36 is moved into the position illustrated in Fig. 4B by lowering the
upper slide plate 112 (of Figs. 8 and 9), and thus the vacuum nozzle holder 116. The coil
compression spring 124 causes the bottom end of the vacuum nozzle 126 to gently push down
and clamp the top side of the nut with the passage of the vacuum nozzle in alignment with the
bore of the nut. While the upper slider plate 112 and vacuum nozzle 116 have been lowered, at
this point, the fastener gate 12§ is still in the raised position illustrated in Fig. 10 and in phantom

at 128a in Fig. 8.

[0044] Next, the bottom slider plate 132 is raised so that the spray nozzle assembly 38 is moved
into the position illustrated in Fig. 4C. As illustrated in Figs. 8-10, the bottom of the fastener
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channel 104 of the spray block is provided with an opening 140 through which the machined
bushing 56 (Figs. 4C and 4D) passes to contact the bottom side of the nut. The bottom slider
plate 132 continues to rise and then drops so that the spray tube 54 (Figs. 3 and 6) passes through
the opening 140 of the fastener channel 104 and throughout the thickness of the nut (Fig. 4D and

6) during the coating cycle as described above.

[0045] Once the coating cycle is completed, the upper slide plate 112 travels further downward
and the fastener gate 128 is lowered into the position illustrated in Figs. 8 and 9. As a result, the
nut 32a of Fig. 10 travels off of the spray block 102 and down the exit ramp 92 (Fig. 7) to be
collected. The nut 32b remains clamped in place by the vacuum nozzle and the machined

bushing.

[0046] Next, the upper and lower slider plates 112 and 132 are raised and lowered, respectively,
so that the vacuum nozzle 36 and spray nozzle assembly 38 return to the positions illustrated in
Fig. 4A, and the fastener gate 128 returns to the raised position illustrated in Fig. 10 and in
phantom at 128a in Fig. 8. As a result, the nut 32b moves into the position formerly occupied by
nut 32a and the nut 32c moves into the position formerly occupied by nut 32b, etc. The above

process is repeated.

[0047] As illustrated in Figs. 8-10, the spray block 102 may be provided with apertures 142 and
144 through which a fiber optic beam, indicated in phantom at 150 in Fig. 10, from sensors 152
and 154 may pass to detect when a nut is present in the position occupied by nut 32a. The
sensors communicate with the system controller 156 (Fig. 10) that controls the upper and lower
slider mechanisms 110 and 130. As a result, the sequencing of the movement of the vacuum
nozzle, fastener gate and spray nozzle assembly may be coordinated with the movement of the
nuts through the fastener channel 104 of the spray block. For example, when the beam of light
150 passing across the fastener channel 104 is unbroken, the controller 156 knows that the nut in
position 32a (Fig. 10) has traveled off of the spray block and the vacuum nozzle and fastener
gate are ready to be raised and the spray nozzle assembly is ready to be lowered. When the beam
of light 150 is broken, the system knows that a nut has moved into the position of nut 32a (of
Fig. 10), and thus that a nut has moved into the position of nut 32b so that the vacuum nozzle

may be lowered and the spray nozzle assembly may be raised for the coating cycle. Similar

10



sensors may be used to activate the supply of powder and pressurized air flow to the spray nozzle
assembly and to activate the vacuum source for the vacuum nozzle based on the positions of the

machined bushing 56 of the spray nozzle assembly and the vacuum nozzle.

[0048] Additional details regarding control of the system, and alternative embodiments, are

provided in commonly owned U.S. Patent No. 5,141,771 to DiMaio et al,

[0049] While the preferred embodiments of the invention have been shown and described, it will
be apparent to those skilled in the art that changes and modifications may be made therein
without departing from the spirit of the invention, the scope of which is defined by the following

claims.

11

Date Regue/Date Received 2021-09-02



CLAIMS

1. An apparatus for applying a thermoplastic powder to internal threads of a
fastener, where the fastener has a bore containing the internal threads, a first surface and a
second surface, the apparatus comprising;

a) a vacuum nozzle having a vacuum passage and an end having a vacuum passage
opening where the end is adapted to engage the first surface of the fastener and
the vacuum passage is adapted to communicate with a suction source;

b) a spray tube having a spray passage and a distal end portion featuring a spray
passage opening where the distal end portion of the spray tube is sized to be
inserted within the bore of the fastener and the spray passage is adapted to
communicate with a source or sources of thermoplastic powder and pressurized
air;

c) a bushing mounted on the spray tube so that the spray tube is able to slide with
respect to the bushing, said bushing adapted to engage the second surface of the
fastener;

d) said spray tube and bushing movable between clamping positions, where the end
of the vacuum nozzle and the bushing engage the first and second surfaces of the
fastener and release positions where the vacuum nozzle and the bushing do not
engage the first and second surfaces of the fastener; and

e) a fastener holder adapted to hold the fastener between the vacuum nozzle and the
bushing so that when the vacuum nozzle and the bushing are in the clamping
positions, the passage of the vacuum nozzle is in communication with the bore of
the fastener and the spray tube is able enter the bore of the fastener and spray
thermoplastic powder on the internal threads of the fastener with excess

thermoplastic powder collected by the vacuum nozzle.

2. The apparatus of claim 1 wherein the first surface of the fastener includes a first
chamfer and the end of the vacuum nozzle is shaped and sized to surround but not cover the first
chamfer when the vacuum nozzle is in the clamping position so that the first chamfer is sprayed

with thermoplastic powder when the spray tube enters the bore of the fastener.

12

Date Regue/Date Received 2020-07-14



3. The apparatus of claim 1 wherein the second surface of the fastener includes a
second chamfer and the bushing is sized and shaped to surround but not cover the second
chamfer when the bushing is in the clamping position so that the second chamfer is sprayed with

thermoplastic powder when the spray tube enters the bore of the fastener.

4. The apparatus of claim 1 wherein the first surface of the fastener includes a first
chamfer and the end of the vacuum nozzle is shaped and sized to cover the first chamfer when
the vacuum nozzle is in the clamping position so that the first chamfer is not sprayed with

thermoplastic powder when the spray tube enters the bore of the fastener.

5. The apparatus of claim 1 wherein the second surface of the fastener includes a
second chamfer and the bushing is sized and shaped to cover the second chamfer when the
bushing is in the clamping position so that the second chamfer is not sprayed with thermoplastic

powder when the spray tube enters the bore of the fastener.

6. The apparatus of claim 1 wherein longitudinal center lines of the fastener bore,
the vacuum nozzle mterior passage and a central bore of the bushing are aligned when the

vacuum nozzle and the bushing are in the clamping positions.

7. The apparatus of claim 1 further comprising a powder pump body adapted to
communicate with the source or sources of thermoplastic powder and pressurized air, said

powder pump body attached to a proximal end portion of the spray tube.

8. The apparatus of claim 7 further comprising a compression coil spring positioned

between the powder pump body and the bushing.

9. The apparatus of claim 1 wherein the spray passage includes a top opening of the
spray tube and a flow diverter positioned in spaced relationship with the top opening so that

power is sprayed circumferentially in a generally radial direction.
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10. The apparatus of claim 1 wherein the fastener holder includes a spray block with a
channel formed therein, where the channel is sized to receive the fasteners in a single file and

includes a bottom having an opening through which the bushing and spray tube passes.

11. The apparatus of claim 10 wherein the channel includes an exit opening and
further comprising a gate positioned over the exit opening, where the gate is attached to the

vacuum nozzle so as to move with the vacuum nozzle.

12. The apparatus of claim 11 wherein the bottom of the channel forms an angle

relative to a horizontal plane so that fasteners slide therein.

13. A system for applying a thermoplastic powder to internal threads of a fastener,
where the fastener has a bore containing the internal threads, a first surface and a second surface,

the system comprising:

a) a source of fasteners, where each fastener has a bore with internal threads;
b) avacuum nozzle adapted to communicate with a vacuum source;
c) a spray tube adapted to communicate with a source or sources of thermoplastic

powder and pressurized air, said spray tube sized to enter the bore of the fastener;

d) a bushing slidably mounted on the spray tube;

e) a fastener holder adapted to receive a fastener from the source of fasteners and
hold the fastener between the vacuum nozzle and the bushing;

f) said vacuum nozzle and said bushing movable between a clamping configuration
where the vacuum nozzle engages the first surface of the fastener positioned in
the fastener holder and the bushing engages the second surface of the fastener in
the fastener holder and a release configuration where the vacuum nozzle and
bushing do not engage the fastenerin the fastener holder;

2) said vacuum nozzle in communication with the bore of the fastener and said spray
tube entering the bore of the fastener and spraying thermoplastic powder on the
internal threads of the fastener with excess thermoplastic powder collected by the
vacuum nozzle when the vacuum nozzle and the bushing are in the clamping

configuration.
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14. The system of claim 13 further comprising a heater positioned between the source
of fasteners and the fastener holder so that the fasteners are heated before they arrive at the

fastener holder.

15. The system of claim 13 wherein the first surface of the fastener includes a first
chamfer and the end of the vacuum nozzle is shaped and sized to surround but not cover the first
chamfer when the vacuum nozzle is in the clamping position so that the first chamfer is sprayed

with thermoplastic powder when the spray tube enters the bore of the fastener.

16. The system of claim 13 wherein the second surface of the fastener includes a
second chamfer and the bushing is sized and shaped to surround but not cover the second
chamfer when the bushing is in the clamping position so that the second chamfer is sprayed with

thermoplastic powder when the spray tube enters the bore of the fastener.

17. The system of claim 13 wherein the first surface of the fastener includes a first
chamfer and the end of the vacuum nozzle is shaped and sized to cover the first chamfer when
the vacuum nozzle is in the clamping position so that the first chamfer is not sprayed with

thermoplastic powder when the spray tube enters the bore of the fastener.

18. The system of claim 13 wherein the second surface of the fastener includes a
second chamfer and the bushing is sized and shaped to cover the second chamfer when the
bushing is in the clamping position so that the second chamfer is not sprayed with thermoplastic

powder when the spray tube enters the bore of the fastener.

19. The system of claim 13 wherein longitudinal center lines of the fastener bore, an
interior passage of the vacuum nozzle and a central bore of the bushing are aligned when the

vacuum nozzle and the bushing are in the clamping configuration.
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20. The system of claim 13 further comprising a powder pump body adapted to
communicate with the source or sources of thermoplastic powder and pressurized air, said

powder pump body attached to the spray tube.

21. The system of claim 13 further comprising a compression coil spring positioned

between the powder pump body and the bushing.

22. The system of claim 13 wherein the fastener holder includes a spray block with a
channel formed therein, where the channel is sized to receive the fasteners in a single file and

includes a bottom having an opening through which the bushing and spray tube passes.

23. The system of claim 22 wherein the channel includes an exit opening and further
comprising a gate positioned over the exit opening, where the gate is attached to the vacuum

nozzle so as to move with the vacuum nozzle.

24. The system of claim 23 wherein the bottom of the channel forms an angle relative

to a horizontal plane so that fasteners slide therein.
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