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(57) Abstract

A system (10) for coating articles (A) by the use of electrostatic attraction of ionized particles which are subsequently
cured. The system includes a pair of carriers (44) for jointly carrying each article (A) through the system, from application of the
particles to the article through curing of the particles on the article. Each carrier (44) is capable of carrying the article independ-
ently of the other. After deposition of the particles on the article (A) the article (A) and the carriers (44) are conveyed through a
cleaning station (14) wherein one of the carriers (44) is moved out of carrying engagement with the article and cleaned while the
article (A) supported by the other carrier (44). The other carrier (44) is then moved out of supporting engagement with the article
(A) and cleaned while the article (A) is supported by the first carrier (44). The system also includes a spray booth (12) for deposit-
ing the particles on the article (A) which limits the exposure of the carriers (44) to the spray of particles and includes a removable
replaceable insert (60) to eliminate the need for cleaning the spray booth when there is a change in the nature of the particles be-

ing used, such as color.
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1 ,
ARTICLE COATING SYSTEM

BACKGROUND OF THE INVENTION

The present invention relates, generally, to a
system for coating articles or workpieces and, specifically,
for coating metalic articles using electrostatic attraction.
The articles to be coated are transported or conveyed
through the system by metalic supporting elements such as
hooks which hang down from an overhead conveyer. The
articles to be coated are grounded via the supporting
elements. The articles are first conveyed through a spray
booth where they are coated with ionized particles of an
uncured material éuch as plastic resin. The particles are
projected in the form of a spray from an electrode unit
which charges and ionizes the particles. The particles are
attracted to the grounded article and, hence, coat the
article. The articles are then conveyed to a curing oven
which fixes the par{icles to the articles to form a
permanent coating on the articles. This process is used
extensively in the plastic coating industry. The particles
are also attracted to the supporting elements so that the
supporting elements also become coated. This also means that
the particles become fixed to the supporting elements when
they are fixed to the article in the curing oven. After a

few cycles, the conduction between the articles and the
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supporting elements ceases to exist. As a result, the
quality of the treatment process quickly deteriorates.

In order to maintain an acceptable quélity ofr
coating on the articles the supporting elements for,the
articles must be replaced frequently. This results in a
substantial loss of production. The coated supporting
elements are either discarded and replaced by neW'suppofting
elements or cleaned. 1In either case, this represeﬁts an
added cost to the process. At the present time, the
preferred form of cleaning consists of burning’thercoating
from the supporting elements. However, this creates two
additional problems. The burning requires consumption of
energy and creates toxic fumes which must be contained. The
equipment for performing both of these tasks and the energy
which is consumed therein add considerably to the cost of
the coatlng operation.

Another problem with existing coating systems is
that all the particles which are deposited on the carryihg
elements tepresent waste. A still further problem arises
when the spray is changed to particles having different
characteristics such as color. When the spray is changed,
the spray booth must be thoroughly cleaned to avoid
contaminating the articles with particles from the previous
spray. The down time for cleaning the spréy boﬁth results in

a substantial loss in production. These and other
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difficulties experienced with the prior art coating systems
have been obviated by the present invention.

It is, therefofe, a principle object of the
invention to provide a system for coating articles by
electrostatic attraction in which the particles are removed
from the article supporting elements prior to curing of the
particles on the article. Another object of the invention is
the provision of a supporting element for articles to be
coated by electrostatic attraction which enables the
supporting elements to be cleaned of the particles while
maiﬁtaining support of the article.

A further object to the present invention is the
provision of a spray-booth which limits the amount of
deposit of spray particles on the supporting elements of the
articles to be coated.

Another object of the present invention is to
provide a spray booth for depositing particles on articles
to be coated which does not require cleaning when the spray
is changed to particles having different characteristics
such as color, etc..

With these and other objects in view, as will be
apparent to those skilled in the art, the invention resides
in the combination of parts set forth in the specification

and covered by the claims appended hereto.
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SUMMARY OF THE INVENTION

*

In general, the invention consists of a systenm for
applying a coating of loose particulate material to an
article for subsequent fixing of the particulatermaterial to
the article, the article having a configuration which
enables the article to be suspended on the free end'df a
projecting element. The system includes a connector for
attachmént to an overhead conveyer and a pair of carriers
for jointly carrying the article. Each of the carriers has a
lowerrfree end portion for engaging the article and is
mounted on the connector for movement relative to the
connector from a lower article supporting position to«an'r
upper position in which the carrier is completély fﬁee df
the article. The system also includes a booth having a
chamber for receiving a spray ofrparticulate material, and a
cleaning station for removing the particulate material from
each carrier in succession by first moving one carrier away
from its article supporting position for removal of the
particulate material therefrom while the article is
supported by the other carrier and repeating the process for
the other carrier. The article is transported through the
chamber of the spray booth by an ovefhead conveyer, where it
is coated with particulate material, and then through a

cleaning station, where the particulate material is removed
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from the carriers. The article is finally conveyed to a
curing oven wherein the particulate material is subsequently
cured so that a permanent coating of material is formed on

the article but not on the carriers.

‘The invention also consists of a spray booth which
restricts the area of the carriers which is coated with the
particulate material which comprises a removal insert which
is removed and replaced by another insert each time that the
spray is changed to a particulate material having different

characteristics such as color, composition, etc..
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BRIEF DESCRIPTION OF THE DRAWiNGS

The character of the invention, however, may be
best understood by reference to one of its structural forms,
as illustrated by the accompanying drawings, in which:

FIG. 1 is a front elevational view of a coating
system émbodying the principles of the present invention,

FIG. 2 is a plan view of the cleaning station for
the article carriers,

FIG. 3 is a front elevational view of the.cleaning
station, 7

FIG. 4 is an end elevational view of the left or
entry end of the cleaning station,

FIG.5 is a vertical cross—sectional view of the
cleaning station taken along the line V-V of FIG. 2,

FIG. 6 is a fragmentary operational view from
inside the cleaning station showing one of the carriers
being moved away from its article supporting positiqn prior
to cleaning,

FIG. 7 is a view similar to FIG .6 showing the
first carrier in the cieaning position,

FIG. 8 is a view similar to FIGS. 6 and 7 showing
the second carrier being moved away from its article

supporting position,



@

WO 90/08599 PCT/US90/00643

FIG. 9 is a view similar to FIGS. 6-8 showing the
second carrier in its cleaning position while the articie is
supported by the first carrier,

FIG. 10 is an elevational view of the left or

5 entry end of the spray booth, and

FIG. 11 is an end elevational view of the insert
for the spray booth, and

FIG.12 is a chematic diagram of the pneumatic

actuating system for the cleaning station.
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DETAILED DESCRIPTION OF THE INVENTION

Referringrfirst to FIG. 1 which shows the general
features of the invention, the article coating system of the
present invention is generally indicated by the reference
numeral 10 and it comprises a spray booth, genefally
indicated by the reference numeral 12, a cleaning station,
generally indicated by the reference numeral 14, and a
curing oven, generally indicated by the reference numeral
16. The workpieces or articles to be coated ar§ indicated by
the letter A'which are supported by suspension on hangers,
generally indicated by the reference numeral 18, which ére;
in turn, suspended from an overhead conveyer thch is
generally indicated by the reference numeral 20. The
articles to be coated are metaiic and héve a surface
configuration which enables the articles to be supported by
suspension on the free end of a projecting element. Such a
surface configuration may include an aperture,  hook,
bracket, or any other structure which enabie the article to
be suspended.

Referring also to FIGS. 4 and 5, the overhead
conveyer 20 comprises a plurality of clips 22 which are
fixed to a horizontal chain which is driven hdrizontally |

within a guide tube 26 above the article coating system by
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drive means, not shown. The tube 26 is supported in clamps
28 which are mounted on brackets 30 which are, in turn,
fixed to supporting posts 32. The conveyer 24 extends in a
complete loop and the tube 26 is supported by additional
supporting posts, not shown.

Each clip 22 includes a horizontal pin 34. Each
hanger 18 comprises a connector such as a rod 36 which has a
hook 38 at one end for suspension on the pin 34 of one of
the clips 22. Referring also to FIG. 6, the lower end of the
rod 36 is fixed to a clevis 40 which supports a horizontal
pin-42 for supporting a carrier assembly, generally
indicated by the reference numeral 43. The carrier assembly
43 comprises a forward carrier 44 and a rearward carrier 46,
each of which is independently pivotally mounted on the pin
42. Each of the carriers 44 and 46 comprises a lower hook
shaped projecting free end portion 48 and an upper portion
50 which is pivotally mounted on the pin 42. Each of the
carriers 44 and 46 consist of a flat plate which has a
laterally extending flange 54. The flanges 54 of. the
carriers 44 and 46 extend in opposite directions away from
the main bodies of the carriers. When the carriers 44 and 46
are in their normal lower suspended position the flanges 54
are on one side.of a vertical line which extends through the
pivot pin 42, an enlarged section 56 is located on the

opposite side of the vertical line from the flanges 54 to
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act as a counter-weight for the flange 54. The carriers 44:
and 46 are freely suépended'and are balanced to remain in
perfect alignment with each other so that their inner flat
surfaces abut. This prevents particles from being deposited
on the inner flat surfaces of the carriers when they are
transported through spray booth. Each connector rod 36 has a
guide plate 39 affixed thereto to maintain the carriers 44
and 46 within the plane of travel during certain phases of
the coating system. |

Referring particularly to FIGS. 1, 10, and 11, the
spray booth 12 éompriseS»a cylindrical housing 58 which has
a cylindrical chambér and a circular front opening. The
housing 58 contains a removable cylindrical insert 60 which
hasra cylindrical chamber 61 and a circular front opening
62. The insert 60 has a vertical slot 65 which is aligned
with a vertical slot 64 in the housing 58 when the insert 60
is located within the housing 58. Slots 64 and 65 allow the
articles to be coated and the hangers 18 to pass through the
chamber 61 along a path in direction which is trénsverse to
the central longitudinal axis of the chamber. The upper
portion of each of the slots 64 and 65 is relati&ely narrow
to allow for the passage ofrthe rods 36 while the lower
portion of each slot is relatively wide to acéommbdate the
range of articles to be coated. Fianges 78 are located on

opposite side of the slot 65 at each end of the slot and
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cooperate with the guide plates 39 to properly align the
articles to be coated as fhey enter and leave the chamber
61. Most articles require turning within the chamber 61 in
order for the article to be completely coated. This is

5 ‘accomplished by attaching an adapter to the clip 22,
referred to in the trade és a spinner, and attaching the
hook 38 to the spinner. Rotation of the spinner is |
controlled by fixed camming pins which cause the article to
be rotated in a precise sequence. This mechanism is not

10 shown but well known in the coating art. The chamber 61 is
divided into a lower flow channel 68 and an upper flow
channel 72 by a pair of vertical baffles 66 which are
located on opposite sides of the slot 65. The upper limit of
the lower flow channel 68 is defined by the lower edges 67

15 of the baffles 66. The upper portion of each baffle 66 has a
pair of apertures 70 which provide entrance openings to the
upper channel 72. An exhaust opening 74 is located at the
back of the chamber 61 and is operatively connected to an
exhaust duct 76. A grate 80 is located 1in front of the

20 exhaust opening 74. Exhaust duct 76 is connected to a source
of sub-atmosphefic pressure which creates an air flow from
the front opening 62 to the exhaust opening 74. However, two
separate air flows are created within the chamber 61, due to
the baffles 66. The lower air flow in the flow channel 68

25 contains the ionized particles to be deposited on articles
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which are transported through the spray booth. The upper air
flow in the upper channel 72 is void of particles and helps
to maintain the particles in the lower flow channel 68 until
they reach the exhaustropening 74. The lower edges 67 of the
baffles are positioned jﬁst above the workpiece to minimize
the amount of coating which is deposited on the carriers;
The particles are deposited by electrode units which charge
and ionize the particlés and the particles are attracted to
the metalic articles A which are grounded though their
contact with the metalic hangers 18. The hangers 18 are,rin,
turn, grounded through their contact with the conveyer
system 20. Any particles which are not deposited on the
articles are drawn into the exhaust duct 767to be
subsequently collected and recyéled. Aftef the articles A
are coated with the ionized particles, they are conveyed
from the spray booth 12 to the cleaning station 14.
Réferring particularly to FIGS. 1-5 the cleaning
station 14 comérises framework 82 which supports a pair bf
spaced vertical plates 84 and 85 which definé a éleaning
zone 86 therebetween. A pair of horizontal guide rods 88 are
fixed to the plates 84 and 85 and are in alignment with the
guide flanges 39 of the connector rods 36 for ﬁaintaining
the carriers 44 and 46 within the plane of ﬁravel through

the cleaning zone 86.
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Referring to FIGS. 6-9 a front cam 90 having an
upper cam surface 92 is fixed to the front cam plate 84; An
identical rear cam 94 having an upper cam surface 96 is
fixed to the rear plate 85. When the carrier assembly 43
enters the cleaning zone 86, flange 54 of the front carrier
44 engages the cam surface 92 of the front cam 90. This
causes the carrier 44 to pivot about the pin 42 and out of
supporting engagement with the article A, thereby leaving
article A fully supported by the carrier 46 as shown in FIG.
6. The projecting free end portion 48 is in supporting
engagement with the article A as for example by extending
through an aperture 52 in the article A. As the carriers 44
and 46 proceed through the cleaning zone 86, carrier 44 is
raised to its cleaning position as shown in FIG. 7. When the
flange 54 of the carrier 44 reaches the end of the cam 90,
it drops back into engagement with the article A. Just after
the extending portion 48 of the carrier 44 enters the
aperture 52 of the article A, the flange 54 of the carrier
46 engages the cam 90 so that its projecting portion 48
begins to leave the aperture 52 as shown in FIG. 8. The
carrier 46 is thereafter raised to its'upper cleaning
position as shown in FIG. 9, thereby leaving the article A
fully supported by a front aperture 44. This enables the
front and rear apertures 44 and 46, respectively, to be

cleaned in succession while collectively maintaining
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supporting control of the article A through the cleaning
statidn 14,
Referring particularly to FIGS. 2-5, each carrier

44 and 46 is cleaned by a two-step process which compriseé
removing most of the particles by a blast of air, and
removing the remaining particles by a rotating brush. The
first cleaning step is provided by a fan-shaped air nozzle
98 which is'fixed to the front plate 84. The nozzle 98 is in
horizontal alignment with the projecting portion 48 of the
carrier 44 when the carrier 44 is in the position shown in
FIG. 7. A blast of air from the hozzle 98 remdves more than
90% of the particles from the carrier 44. An identical air
nozzie 100 is fixed to the plate 85. The nozzle 100 is in
horizontal alignment with the carrier 46 when the carrier is
in the position shown in FIG. 9 for removing more than 90%
of the particles from the carrier 46.

| The nozzles 98 and 100 areroperatively connected
to a valve, not shown, which is actuated by an air switch
101 which is mounted on the guide tube 26. The vélve is
operatively connected to a source of pressurized air, not
shown. The air switch 101 is hormally closed and includes a
switch arm-which is engaged by each clip 22 as the clié
passesiby the air switch 101 to open the switch. When the
air switch 101 is opened, the valve which it controls causes

the nozzles 90 and 100 to deliver a blast of air into the
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cleéning zone 86. The spacing between the clips 22 is equal
to the spacing between the nozzles 98 and 100. This means
that the carriers 44 of the carrier assembly 43 which near
the entry end of the cleaning zone is cleaned by a blast of
air from the nozzle 98, while the carrier 46 of the carrier
assembly 43 which is near the exit end of the cleaning zone
is cleaned by a blast of air from the nozzle 100.

The second cleaning step for the carriers 44 is
provided by a brush assembly which is generally indicated by
the reference numeral 102, see particularly FIGS. 2 and 3.
The brush assembly 102 comprises a circular brush 104 which
is mounted for rotation with a shaft 105 which is rotatably
driven by a motor driven drive assembly 106. The drive
assembly 106 is mounted on a horizontal beam 108 which is
pivotally mounted on a horizontal portion of the framework
82 by means of a vertical pivot bolt 110. Beam 108 is
pivoted about the vertical axis of the bolt 110 from its
outer inactive position shown in dotted lines in FIG. 2 to -
its inner active position shown in full lines in FIG. 2.
When the beam 108 is in its outer position, the brush 104 is
outside of the cleaning zone 86 as show in dotted lines in
FIG. 2. When the beam 108 is in its inner position, brush
104 extends through a circular opening 112 in the plate 84
(see FIG. 1) and into the cleaning zone 86 as shown in full

lines in FIG. 2. The beam 108 is normally maintained in its
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outer position by a tension.spring 114 which is anchored.to
a bracket 116 which is fixed to the framework 82. Tﬁe'beam
108 is mbved to its inner position by a pneumatic actuating
means, generaliy indicated by the reference numeral 118; The
actuating'means 118 comprises a pneumatic cylinder 120 which
is fixed to the framéwork 82 by means of a mounting bracket
122. The cylinder 120 contains a piston 124 which is driven
outwardly from the piston 120 toward the plate 84 when the
cylinder 120 is actuated. The end of the piston 124 engages
a pad 126 of material having a low coefficient of friction
and high resistance to impact such as nylon. The pad 126 is
fixed to the vertical portion of an L-shaped bracket 125
which is mounted on the beam 108. Movement of the piston 124
outwardly from the cyliﬁder 120 causes thé beam 108 to move
inwardly toward the plate 84 by virtue of its contact with
the pad 126. When the cylinder 120 is in its noﬁ-actuated
state, the piston 124 is withdrawn into the cylinder byr
means of.an internal spring 121, see FIG.12, and the beam
108 is returned to its outer position by the spring 114. The
outer position of the beam 108 is determined when the beam
108 strikes a stop bracket 113. An elongated opposer member
in the form of a cylindrical rod 128 is moved into and out
of the cleaning zone 86 in synchronism with the brush 104
from the opposite side of the cleaning zone. The opposer rod

128 is fixed_to a piston 130 which is driven axially by a
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pneumatic cylinder 132 from an outer inactive position shown
in dotted lines in FIG. 2 to an active inner position shown
in full lines in FIG. 2. The pneumatic cylinder 132 is

mounted on a bracket 134 which is fixed to the plate 85. A

"spring 133, see FIG.12, within the cylinder 132 maintains

the piston 130 in its inactive withdrawn state which
positions the opposer rod 128 outside of the cleaning zone
86. When the pneumatic cylinder 132 is actuated, the piston
130 is extended to move the opposer rod 128 through an
opening 129 in the plate 85 and into the cleaning zone cell
86 towards the brush 104. The cylinders 120 and 132 are
actuated simultaneously after the front carrier 44 has been

cleaned by the air nozzle 98 and the carrier 34 has advanced

to the position shown in FIG. 2. When the pneumatic

cylinders 120 and 132 are actuated, brush 104 and the
opposer rod 128 move towards each other and engage thé lower
portion of the carrier 44 therebetween. The action of the
brush 104 removes the remaining particles from the outer
surface of the carrier 44. Thereafter, the cylinders 120 and
132 are deactivated, thereby causing the brush 104 and the

opposer member 128 return to their outer inactive positions.

As the carrier assembly 43 continues to travel
through the cleaning zone 86, the carrier 46 is raised to

its upper cleaning position by the cam 94 and a blast of air
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is éelivered to the outer surface of the carrier 46 by the
air nozzle 100 when the lower portioh of the carrier 46 is
horizontally aligned with the air nozzle 100. The second or
brushing step of the cleaning cycle for the carrier 46 is
accomplished by a brush assembly which is generally
indicated by the reference numeral 136. The brush assembly
136 comprises a circular brﬁsh 138 which is mounted for -
rotation with a shatft 139 which is rotatably driven by a
motor-driven drive assembly 140. The drive assembly 140 is
mounted on a horizontal beam 142 which is piQotally moﬁnted
on a horizontal strut on the framework 82 by means of a
vertical pivot bolt 144. The beam 142 is movable about the
vertical axis of the pivot bolt 144 between an outer
position shown in dotted lines in FIG. 2 to an inner
position shown iﬁ full lines in FIG. 2. Beam 142 is
maintained in its outer position against a sﬁop,braéket 148
by means of a tension spring 150 which is fixed to the
framework by means of a mounting bracket 152. When therbeam
142 ié in its outer,position,rthe brush 138 is located
outside of the cleaning zone 86. When the bracket 142 is
moved to its inner position, the brush 138 passes through a
circular opening 146 in the plate 85, see FIGS. 6-9, and
into the cleaning zone 86. The beam 142 is moved to its
inner position by means of a pneumatic actuator 154 which is

generally indicated by the reference numeral 154. The
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pneumatic actuator 154 comprises a pneumatic cylinder 156
and a piston 158 which is movable axially into and out éf
the cylinder 156. When the cylinder 156 is in its inactive
state, the piston 158 is withdrawn within the cylinder 156
by means of an internal spriﬁg 157, see FIG. 12. When the
pneumatic cylinder 156 is actuated, the piston'158 is
extended towards the plate 85. The cylinder 156 is fixed to
the framework 82 by means of a mounting bracket 159. When
the piston 158 is extended from the cylinder 156, the end of
the piston engages a pad 160 of material having a low
coefficient of friction and high resistance to impact such
as nylon. The pad 160 is fixed to the vertical portion of an
L-shaped bracket 161 which is fixed to the beam 142. This
causes the beam 142 to move towards the plate 85 and causes
the brush 138 to move into the cleaning zone 86 as shown in

full lines in FIG. 2.

An elongated opposer member in the form of a
cylindrical rod 162 is located on the opposite side of the
cleaning zone 86 and is fixed to a piston 163 which is
movable axially within a pneumatic cylinder 165. The
cylinder 165 is fixed to the plate 84 by means of a mounting
bracket 166. When the cylinder 165 is deactivated, an
internal spring 167, see FIG. 12, maintains the piston 163
withdrawn into the cylinder 165. When the cylinder 165 is

actuated the piston 163 is extended to move the opposer rod
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162‘through an opening in the plate 84 and into the cleaning
zone 86 from its outer inactive position shown in dotted
lines in FIG. 2 to its active position shown in.fullriines.
The cylinders 156 and 165 are aétuated simultaneouslj'éo
that the oppdser rod 162 ‘and the brush i38 move towards each
other the carrier 46 is in the position shown in FIG..2
thereby trapping the lowér portion of the carrier 46
therebetween and enabling the brush 138 to remove the
remaining particles from the outer surface of the carrier 46
to complete the cleaning operétion for the carrier 46. As
the carrier 46 slips away from the cleaning brush 148, the
cylinders 140 and 165 are deactivated to return the opposer

rod 162 and the brush 138 to their outer inactive positions.

Referring to FIGS. 3 and 12, the cylinders 126,

132, 165, and 155 are operatively connected to a valve 170
which is actuated by a valve or air switch 168 which is
mounted on the guide tube 26. Tﬁe valve is operatively
connected to a super atmospheric air supply, not shown. The
air switch 168 is normally ciosed and includes a switchrarm
which is engaged by each clip 22 as the clip passes by the
air switch 168 to open the switch. When the air switch 168

is opened, the the cylinders 120, 132, 165, and 156 are

operatively connected to the super atmospherié air supply

through the valve 170 and actuated simultaneously. The
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spaéing between the clips 22 is equal to the spacing between
the brush assemblies 102 and 154. This means that carriers
44 of the carrier assembly 43 which is near the entry end of
the cleaning zone is cleaned by the brush 104 as shown in
FIG. 2, the carrier 46 of the carrier assembly 43 which is
near the exit end of the cleaning zone is cleaned by the
brush 138, as also shown in FIG. 2. The valve 170 is
connected to the air switch 168 through a pulse generator
172 which causes the cylinders 120, 132, 156, and 165 to be
actuated for approximately .4 seconds. The air switch 168,
the.pulse generator 172, and the air valve 170 are all
products of Crouzet Control Incorporated of Schaumbury
Illinois. Air switch 168 is identified as model no.
81-921701. The pulse generator 172 is identified as model
no. 81-507540 and the air valve 170 is identified aé model
no. C-20151-40. The cylinders 120, 132, 156, and 165, are
products of Parker Hannifir Corporation of Cleveland Ohio
and identified as model no. .75NRSR01.5.

The carriers 44 and 46 carry the article A out of
the cleaning station 14 and into the curing oven 116,
wherein the particles which are coated on the article A
are cured to form a permanent coating on the article.
However, since the particles remain on the carriers 44 and
46, no coating is formed on the carriers and they are feady

to be used again without any deleterious effect for carrying
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another article through the coating system. Tﬁe cleaning
zone 86 is preferably, sﬁroudéd as much as possible to
create a plenum. A vacuum system is operably connected: to
the plenum for evacuating air from the plenum to collect the
particles which are removed from the carriers 44 and 46 for
subsequent reprocessing. |

The article coatihg system which is shown and
described is specifically adapted for coating érficles.with
electrostatically charged particles in a solid or powder
form such as uncured resin particles. The carriér assembly
and spray booth could also be used for coating an article
with electrostatically charged paint pafticles. However, the
carriers have to be cleaned differently than they are fér
powder particles. A spray of paint solvent has to be used
instead of a blast of air as the first cléaning step.
Thereafter, the paint and solvent are wiped from the carrier
by an appropriate wiping agent such as a cloth covered

brush.
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CLAIMS

1. A hanger for carrying an article through a zone
for applying a coating of loose particulate material to the
article for subsequent fixing of the particulate material to

5 -the article, the article having a configuration which
enables the article to be suspended on the free end of a

projecting element, said hanger comprising:

(a) a connector for suspending the hanger from an overhead
conveyor, and
10 (b) a carrier assembly comprising a pair of carriers for
jointly carrying an article to be coated, each of said
carriers having a projecting lower free end portion for
operatively engaging the article and an upper portion
for mounting said lower assembly on said connector for

15 movement relative to said connector between a lower




WO 90/08599 PCT/US90/00643

10

15

24
article engaging position and an upper position in

which the carrier is completely clear of the a:tidle so
that the lower end portion of the carrierrcan be
cleaned of said particulate material while the article

is fully supported by the other of said carriers.

2. A hanger as recited in Claim 1, wherein each of
said carriers is pivotally mounted on said connector for

movement about a horizontal axis.

3. A hanger as recited in Claim 1, wherein each of

said carriers is hook shaped.

4. A hanger as recited in Claim 1, wherein the
projecting lower free end portion of each said carriers
extends. substantially horizontally and upwardly toward a

free end.

5. A hanger as recited in Claim 1, wherein each of
said carriers has a substantially flat main body .portion and
lies in the plane of travel of the hanger throughrsaid zone,

each of said carriers being pivotally mounted on said upper
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assembly for movement about a horizontal axis, each of said

cariiers’having a flange portion which extends laterally of
said main body portion for engaging a stationary objectv
during travel of said hanger through said zone for causing

the carrier to pivot about said horizontal axis.

6. A hanger as recited in Claim 5, wherein said
flange is located on one side of a vertical axis which
extends through said horizontal axis, and wherein said main
body portion has a counterweight on the opposite side of

said vertical axis.

7. A system for applying a coating of loose
particulate material to an article for subsequent fixing of
the particulate material to the article, the article having
a‘configuration which enables the article to be suspended on
the free end of a projecting element, said system

comprising:

(a) a connector for each article,
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(c)

(d)
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a carrier assembly having a pair of carriers for jointly

carrying the article, each of said carriers having a
projecting lower free end portion for engaging the
article and being mounted on said connector for movement

relative to the connector from a lower article

supporting position to an upper position in which the

carrier is completely free of the article,

a spray booth having a chamber for receiving a spray

of said particulate material,

a cleaning station for moving each carrier of the
carrier assembly to its upper position and for removing
said particulate material from at least the lower free .
eﬁd portion of each carrier of said particulate material
when the'carrier is in said uppér position, said carrier
being moved to the upper position in Succession.sb that
as one carrier of the assembly is being cleaned, the

other carrier supports the article being conveyed, and

~
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(é) an overhead conveyor which is connected to the
"connector for suspending the carrier assembly from the
conveyor and for transporting the carrier assembly
together with the article which is carried by the
carrier assembly through the spray booth for applying a
coating of particulate material to the article and for
cohveying the carrier assembly and article through the |
cleaning station for removing the particulate material
from at least the lower free end portion of each

carrier.

8. The system as recited in Claim 7, wherein each
of said carriers has a main body portion which is pivotally
mounted said connector for movement about a horizontal éxis,
and a flange portion which extends from said main body

portion, and wherein said cleaning station comprises:

(a) a housing having a chamber, an inlet opening to the

chamber and an outlet opening from the chamber,
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a first projection which is fixed to the housing for

engaging the flange portion of one of the carriers of

said carrier assembly and moving said one carrier to its

upper position for a first predetermined distance of

- travel through said cleaning station,

(c)

(a)

a first éleaning assembly for removingrparticulate
material from said one carrier when said one carrier ié
in its upper position, said one carrier returning to its
lower positioh after said first predetermined distance
of travel.

a second projection which is fixed to the housing for
engaging the flange portion of the other carrier 6f each
said carrier assembly and moving said other carrier to

its upper position for a second pfedetermined distance

- of travel through said cleaning station after said one

(e)

carrier has returned to its lower position, and
a second cleaning assembly for removing particulate
material from said other carrier when said other carrier

is in its upper position.
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9. The system as recited in Claim 8, wherein each

of éaid cleaning assembly comprises:

(a) an air nozzle which is fixed to said housing for

(b)

10

directing a stream of air towards the carrier when the
carrier is in its upper position for removing a major
portion of particulate material from the carrier, and

a brush assembly which is mounted on the housing for
removing the remainder of the particulate material from
the carrier after removal of the major portion of said
particulate material from the carrier by said air

nozzle.

10. The system as recited in Claim 9, wherein said

brush assembly comprises:

(a)

15

a brush which is mounted on said housing between an
outer position in which the brush is spaced
substantially from the carrier and an inner position in

which the brush is in contact with the carrier,
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an opposer member which is mounted on said housing at
the opposite side of said chamber from said brush for
movement between an outer position in which the opposer
member is spaced substantially from the carrier and an
inner position in which the opposer member is in contact
with the carrier, and ,

an actuator mechanism for mo?ing said brush and said
opposer member toward each other and to the inner
positions of each of said brush and said opposer member
so that the carrier is preséed betﬁeén the brush and

backup member.

1l. The system as recited in Claim 10, wherein said

brush assembly further comprises:

(a)

15

(b)

a shaft having a central longitudinal axis, said brush
being mounted on said shaft for rotation about said axis
and having an outer periphery which is circular about

said axis, and

drive means for rotating said brush about said axis.
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12. The system as recited in Claim 10, wherein said

actuator mechanism comprises:

(a) a first drive for selectively moving said brush between
its inner and outer positions,

(b) a second drive for selectively moving said opposer
member between its inner and outer portions, and

(c) control means for said first and second drives for
synchronizing the movement of said brush and opposer
member toward each other with the movement of the
carrier assembly through the cleaning chamber and when

the corresponding carrier to its upper position.

13. The system as recited in Claim 12, wherein said
control means is a switch which is fixed relative to the
conveyor, said switch being operatively connected to each of
said first and second drives, said switch having a first
state in which the switch is effective to control said first
and second drives so that said brush and opposer member are

moved to their outer positions and a second state in which
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the switch is effective to control said first and second

drives so that said brush and said opposer member are moved
to their inner positions, said switch being normally in one
of said states and being actuated to the other of said
states by one of the article transporting elements which

moves with said conveyor.

14, The system as recited in Claim 13, hherein each
of said first and second drives comprises a fluid driven
actuétor and said switch is a fluid valve which is
operatively connected to said first and second drives and,
wherein said control means further comprises a source of
pressurized fluid which is operatively connected to said

valve,

15. The system as recited in Claim 14, wherein said
fluid is air and each of fluid driven actuators is a

pneumatic cylinder.

16. The system as recited in Claim 7, wherein said

spray booth comprises:
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(a) a housing having a horizontal spray channel which

“extends transversely to the path of travel of said
conveyor,

(b) a main opening to said spray channel for introducing a
spray stream of particulate material into said spray
channel,

(c) an exhaust opening opposite said main opening, and

(d) a vertical slot which is spaced from said opening and
which extends transversely to said spray ghanné-l and
parallel with the direction of travel of said conveyor,
said slot beiqg vertically aligned with said conveyor so

'that said article pass through said channel.

17. The system as recited in Claim 16, wherein only
the article and the lower free end portions of the carriers

extend into said spray channel.

18. The system as recited in Claim 17, further
comprising a liner which is removably mounted in said
housing and which defines said spray channel, said liner

having an opening which is coextensive with the main opening
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of said housing and a vertical slot which is coextensive
with the vertical slot of the housing'when the linear is

positioned within the housing.

19. A system for applying a coatihg of plastic to a
metallic article having a configuration which enables the
article to be suspended on the free end of a projecting

element, said system comprising:

(a) an overhead conveyer which moves along a predetermined
path,

(b) a metallic connector which is suspended from said
conveyor for movement along said path,

(c) a metallic carrier assembly which comprises a pair of
carriers for jointly carrying the article, each of said
carriers having a projecting lower free end portion for
supporting the article in suspension, each of said
carriers being mounted on said connector for movement
relative to the connector from a lower article
supporting position to an upper positionrin which the
carrier is completely free of the article, while the

article is carried solely by the other of said carriers,
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(d) a spray station along the path of said conveyed article
for spraying a loose coating of ionized plastic
particles on said article,

(é) a cleaning station along the path of said conveyed
article downstream of said spray station for moving
each carrier in succession to therupper position and
for removing said plastic particles from at least the
lower free end of each of said carriers when it is in
the upper position, and

(f) a curing oven along the path of said conveyed article
downstream of said cleaning station for curing said
plastic particles to form a permanent coating of plastic

on the article.

20. A method of applying a coating of loose
particulate material to an article having a configuration
which enables the article to be suspended on the free end of
a projecting element for subsequent fixing of the
particulate material to the article, said method comprising

the following steps:
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(b)

(c)

(da)

(e)

(£)

(g)

(h)
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suspending the article jointly on a pair of carriers,
each of the carriers having a projecting element for
fully supporting the article,

spraying a coating of particulate material on said

carriers while said article is suspended on said carrier

so that a portion of said carriers which are adjacent
said article are also coated with said particulate -
material.

remqving one of the carriers from the article so that
the article is fully supported by the other carrier,
removihg said particﬁlate material from said one
carrier, |

re-applying said one carrier to its supporting pdsition
on said article after removal of said particulate
material from said one carrier,

removing the other of_éaid carriers from the article so
that the article is fully supported by said one cafrier,
removing said particulatermaterial from said other
carrier, | |

re-applying said other carrier to its supporfing
position on said article after removal of said

particulate material from said other carrier,
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,(i) curing the particulate material on said article to fix

the particulate material on said article.

21. The method as recited in Claim 20, wherein
removing the particulate material from each of the carriers

comprises the following steps:

(a) projecting a stream of gas against the carrier when the
carrier is removed from the article, to remove most of
the particulate material from the carrier, and

(b) brushing off the remainder of the particulate material
from the carrier after most of the particulate material

has been removed from the carrier by the steam of gas.

22, A spray booth for applying a coating of loose
particulate material to an article having a configuration
which enables the article to be suspended on the end of a
projecting element which is suspended from an overhead
conveyor for transporting the article along a predetermined
path, through the spray booth and into a curing oven for
fixing the particulate material to the article, said spray

booth comprising:
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(b)

(c)
(d)
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a housing having a horizontal spray channel which
extends transversely to the predetermined path of travel
of the article,

a main opening to said spray channel for'introducing a
spray system of particulate material into said spray
channel,

an exhaust opening opposite said main opening,

a vertical slot which is spaced from said opening and
which extehds transversely to said spray channel and
parallel with the path of travel of said articlé,rsaid.

vertical slot being aligned with said conveyor so that

~said article passes across said channel as the article

passes through said vertical slot, said spray channel
being configured so that only the projecting element and

the article extend down into said spray channel.

23. The spray booth as recited in Claim 22, wherein

said housing has a cylindrical chamber and said main opening

is circular, said spray booth further comprising a baffle

which is spaced from the main opening and which is located

in the upper part of chamber, said baffle having a

horizontal lower edge which defines the upper limit of said

spray channel.
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24. The system as recited in Claim 22, further

comprising a liner which is removably mounted in said
housing and which defines said spray channel, said liner
having an opening which is coextensive with the main opening
5 of said housing and a vertical slot which is coextensive
with the vertical slot of the housing when the liner is

positioned within the housing.
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25. A hanger for carrying an article through a zone

for applying a coating of looserparticulate material to the
article for subsequent fixing of the particulate material to
the artiCie; the article having a configuration which
enables the article to be suspended on the free end of a
projecting element, said hanger comprising:
(a) a connector having an upper portion for suspending
the hanger from an overhead conveyor, and a vertical
lower portion, | |
(b) a horizontal pivot pin which is mounted on said
vertical lower portion, said pivot pin having
‘a horizontal axis which is transverse to the
-direction of travel of said conveyor, and
(c) a carrier assembly comprising a pair of carriérs
which are positiohed side by side for jointly
cérrying an article to be coated, each of said
carriers having a projecting lower free end
portion for supportingly engaging the article and
an uppér portion for mounting said carrier aésembly
on said pivot pin for pivoting movement about said
- horizontal axis relative to said connector between
a lower article supporting position and an upper'
non supporting position in which the carrier is -
complete clear of the article so that the lbwer'end,
portion of the carrier can be cleaned of said
particulate material whileAﬁhe article is fully

supported by the other of said carriers.
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26. A hanger as recited in Claim 25, wherein each

of said carriers is hook shaped.

27. A hanger as recited in Claim 25, wherein the
projecting lower free end portion of said carriers extends

substantially horizontally and upwardly toward a free end.

28. A hanger for carrying an article through a zone
for applying a coating of_loose particulate material to the
article for subsequent fixing of the particulate material to
the article, the article having a configuration which
enables the article to be suspended on the free end of a

projecting element, said hanger comprising:

(a) a connector for suspending the hanger from an
overhead conveyor, and

(b) a carrier assembly comprising a pair of carriers for
jointly carrying an article to be coated, each of
said carriers having a projecting lower free end
portion for supportingly engaging the article and an
upper portion which is pivotally mounted on said
connector for movement of said carrier assembly
about a horizontal axis relative to said connector
between a lower article supporting position and an
upper non supporting position in which the carrier
is completely clear of the article so that the lower

end portion of the carrier can be cleaned of said
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particulate material while the article is fully

supported by the other of said carriers, each of
said carriers having a substantially flat main body
portion which lies in the plane of trével of the
hanger through said zone, each of said carriers
having a flange portion which extends laterally of
said main body portion for engaging a stationary
object during travel of said hanger through said
zone for causing the carrier to pivot about said

horizontal axis.

29. A hanger as recited in Claim 289, wherein said 
flange is 1océted on one side of a vertical aiis which
extends through said hgrizontal axis, and wherein said main
body portion has a counterweight on the opposite side of

said vertical axis.
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