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United States Patent Office 3,85,3 
Patented May 25, 1965 

3,185,131 
APPARATUS FOR COATNG ARTICLES INA 

FLUEDZED BED 
Charles E. Manning, Warren, Ohio, assignor to General 
Motors Corporation, Detroit, Mich., a corporation of 
Delaware 

Fied (Oct. 24, 1960, Ser. No. 64,324. 
2 Clains. (C. 18-421) 

This invention relates to an apparatus for coatitng 
articles uniformly with a plastic coating. 

It is the main object of this invention to provide an 
apparatus for uniformly coating articles in a fluidized 
bed of plastic particles. 

In carrying out the above object it is a further object 
to provide an apparatus for suspending plastic particles 
in a cloud and to then cause said cloud to rise into con 
tact with a heated article for depositing particles uni 
formly thereon and then to retract the cloud of suspended 
particles away from the article leaving the article with a 
uniform coating of platsic powder adhered thereto. 
A still further object of the invention is to provide 

an apparatus for coating the surface of an electrical stator 
having coil winding slots therein wherein the heated 
stator is positioned immovable in a horizontal position 
in a fixture. A fluidized cloud of plastic particles is then 
moved thereover to completely envelope the stator and 
to cause deposition and adherence of the plastic particles 
in the cloud all over the vertical and horizontal surfaces 
of the stator in a substantially uniform thickness and 
to thereafter retract the cloud of fluidized material and 
to remove the coated stator from the fixture whereupon 
homogeneity of the coating may be improved by subse 
quently heating the stator at a temperature above the 
melting point of the plastic. 
Another object of this invention is to maintain the 

density of the fluidized bed substantially constant from 
one operation to the next for improving the uniformity 
of the coating operation. 

Further objects and advantages may be apparent, ref 
erence being had to the accompanying drawing wherein 
a preferred form of embodiment is shown. 

In the drawings: 
FIG. 1 is a view of the apparatus used for coating a 

stator in the open condition. 
FIG. 2 shows the apparatus of FIG. 1 in the closed 

position with the internal mask expanded within the 
Stator. 

FIG. 3 is a section taken of line 3-3 of FIG. 2 
showing the blow off jets. 
FIG. 4 is a section taken on line 4-4 of FIG. 2 show 

ing the mask in relation to the stator. 
In FIG. 5 is a view of the apparatus shown in FIG. 2 

wherein the fluidized chamber has been constricted, or 
reduced in volume to cause the cloud of fluidized plastic 
particles to rise through the stator in the direction indi 
cated and to the level noted by the arrows. 

Fluidized coatitngs of various plastic powders such as 
polyethylene, epoxies, polystyrene and other plastic ma 
terials are well known in the art wherein the powder in 
finely divided form is placed in a tank or "bed” having 
a foraminiferous bottom, the porosity of the bottom 
being insufficient to permit the powder to pass there 
through. When it is desired to fluidize the powder, a blast 
of air or gas in controlled quantities is supplied to the 
chamber beneath the foraminiferous bottom thereof 
which causes the plastic powder to rise within the chan 
ber in the form of a suspended cloud of particles. This 
cloud takes on the appearance of a boiling liquid and the 
density thereof and the distance of the rise of the cloud 
may be accurately controlled by the quantity of plastic 
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particles initially placed in the chamber and the quantity 
and velocity of air or other gas which is passed there 
through. After the cloud is established the article to be 
coated which has previously been heated to a tempera 
ture slightly in excess of the melting point of the parti 
cular plastic powder being used is immersed in the fluid 
ized bed of plastic particles. This takes but a short period 
of time whereupon the article is removed from the fluid 
ized bed and is found to have a coating all over the 
Surface thereof of adhered plastic particles. It is pref 
erable in most cases to subsequently heat the article 
slightly above the melting point of plastic powder to con 
solidate the coating. Operations of this general char 
acter are described in some detail in Gemmer Patent No. 
2,884,489, wherein satisfactory plastic powders, tempera 
tures and times for useful deposition and the control fac 
tors are set forth. 

in the coating of articles having restircted vertical pas 
sages considerable difficulty has been experienced in ob 
taining a uniform coating along the walls of the vertical 
passages and particularly to obtain a uniform coating at 
the edge portions of the vertical passages. One such 
article is a motor stator having coil slots preferably dis 
posed therearound and opening into a central bore 
through reduced area portions. It has been found that 
when coating such an article in a fluidized bed that 
the edges of the coil slots have a thinner coating and that 
the horizontal surfaces have a greater coating of plastic 
than do the verticals whereby the uniformity of coating 
is difficult to maintain. 

Various expedients are used to form a uniform coating 
for this type of article and one of such as described in 
the aforesaid patent wherein the article is vibrated to re 
duce the thickness of the coating on the horizontal sur 
faces. The present invention is directed to an apparatus 
and method for uniformly coating such articles and, for 
that matter any other article wherein the article is not 
vibrated but is maintained stationary at all times and 
wherein a uniform coating is obtained by a close con 
trol of the fluidized bed envelopment of the article. 
The apparatus used to perform the method is shown 

in FIGS. 1 through 5 wherein a vertical stand 20 is pro 
vided which supports an upper plate 22 thereon which is 
vertically movable by means of a column 24 attached to 
suitable hydraulic means. The plate 22 carries an upper 
chamber 26 formed by an annular wall 28 which is at 
tached to the plate 22. A lower chamber 30 is also 
provided formed by an annular wall 32 attached to the 
stand 20 through plate 2. The stator 34 to be coated 
is set upon the annular housing 32 in a heated condition 
as shown in FIG. 1 and the column 24 is actuated to move 
the plate 22 and its open chamber 26 downwardly to 
ward the stator. 
Mounted concentrically within the chamber 26 is a 

resilient inflatable mask 36 preferably formed from buty 
rubber which is carried by plate 40 attached to the upper 
end thereof and is plugged by means of plug 42 in the 
lower end thereof. Plate 40 is apertured to permit pas 
sage of tubes 44 and 46 which are inlet and outlet tubes 
for water or other fluid which is used as a hydraulic medi 
um in the mask. 
As the upper plate 22 descends the mask 36 in deflated 

condition passes through the central aperture 56 of the 
stator 34. The limit of downward movement is de 
termined by abutment of the annular housing 28 with 
the upper surface of the stator 34 as noted in FIG. 2. 
When this position is reached water or other hydraulic 
medium is passed through tube 44 into the mask 36 
while the tube 46 which is the exhaust tube, is closed. 
As the pressure increases the mask 36 expands to the po 
sition shown in FIG. 2 wherein the internal Surfaces and 
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the stator are contacted by the mask 36 and are com 
pletely masked off thereby. In this position, therefore, 
no coating can be disposed upon the masked surfaces. 
Attached to the lower portion of the annular housing 

32 is a longitudinally extensible bellows 54 which is 
clamped onto the housing 32 at the upper end thereof and 
is clamped to a lower chamber housing portion 55 at 
the lower end thereof. The lower chamber housing 55 
carries a foraminiferous screen 58 therein which is pref 
erably made of porous metal having a porosity insufficient 
to permit the plastic powder used to sift therethrough. 
Beneath the screen 58 is an inlet 60 which supplies air 
or other gaseous medium under pressure to the cham 
ber 62 beneath the screen 58. The air may be supplied 
from any suitable means such as a small compressor or 
agitator 64 mounted on the chamber wall 56. When the 
bellows 54 is in its expanded position as shown in FIG. 
2 plastic powder held in a supply chamber 66 is metered 
into the chamber 30 above the screen 58 by means of a 
metering screw 68. The screw 68 is predeterminately 
controlled to supply the desired amount of powder upon 
each operation and is turned by a motor through gear 
reducing apparatus not shown. After the required 
amount of powder is supplied to the chamber 30 and bel 
Iows 54, for example to the level shown in FIG. 2, the 
air compressor or agitator 64 is energized to supply air to 
the chamber. Thereafter the powder in the chamber will 
be fluidized and will rise to the level indicated by the dot 
and dash line noted at 70. The fiuidizing bed is main 
tained and the lower chamber 36 is then caused to move 
upwardly by a piston rod 72 passing through plate 2: 
to collapse the bellows to the position shown in FIG. 
5. In this position the top level of the cloud has moved 
from the dot dash line noted at 70 to the dot dash line 
noted at 72 and has passed through the stator slots to 
a point above the stator. During this entire procedure 
the stator is maintained completely stationary. The 
cloud is maintained in the upward position for a suitable 
length of time varying from 5 seconds to a minute under 
normal conditions and the piston rod 72 is then caused 
to recede whereby the bellows 54 is elongated to its initial 
condition shown in FIG. 2. This causes the cloud of 
plastic particles to also recede and move away from the 
the Stator. Thereafter air jets or blow offs 76 are acti 
vated to cause air to blow tangentially into the upper 
chamber 26. Simultaneously a suction device is activated 
to cause a Suction to be present at the duct 80 which draws 
excess powder in the upper chamber 26 into the supply 
tank 66 where it is baffled and dropped by gravity into the 
main supply. 

Thereafter the hydraulic inlet 44 is closed and exhaust 
46 is opened to cause the mask 36 to deflate to the po 
sition shown in FIG. 1. The piston 24 is next activated 
to draw the upper chamber and attached mechanism to 
the starting position as shown in FIG. 1. The stator 34 
now coated with plastic particles may be removed from 
its position on the chamber housing 32 and placed in an 
oven to homogenize the coating. An uncoated stator is 
then placed on the housing 32 and the operations just de 
scribed are repeated. - - 

It is apparent that all of the operations involving the 
feed Screw 68, blower 64, water inlet 44 and exhaust 46, 
blow off operations for the blow off jets 76 and draw 
of operations through tube 80 may be suitably program 
med by a suitable electrical interlock system if desired 
so that the operation is more or less automatic with the 
exception of placement and removal of the stator, such 
automation being conventional in the art. - - 

It will be seen from the foregoing description that the 
stator may be coated with uniform coating while the 
stator remains stationary at all times. This, we believe, 
provides a more uniform thickness coating thereover 
while the ascendency of the fluidized bed through the slots. 
at a uniform rate of rise permits very accurate coating of 
the surfaces of the stator. 
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4. 
which may be present in any number, preferably four as 
shown, eliminates heavy coatings at the horizontal Sur 
faces since the powder is removed almost immediately so 
that any excess powder does not adhere to the stator. 
Furthermore, since the coating operation is so well reg 
ulated there is less waste of powder due to non-uniformity 
of coating. The entire sequence of operations on a single 
stator may be accomplished in less than 30 seconds ac 
cording to the temperature and powder being used. 

Another advantage of the present apparatus and method 
concerns the step by step feeding of powder by the screw 
68. The screw 68 replaces the quantity of powder used 
up after each coating operation whereby the density of 
the fluidized bed is maintained uniform at all times. This 
is of considerable importance to the satisfactory oper 
ation of the device since in past procedures the density of 
the fluidized bed gradually reduces as articles are coated 
since powder is only added thereto periodically while the 
inlet pressure of hydraulic fluid to maintain the bed in a 
fluidized condition is constant. This causes a non-uni 
formity of coating which is undesirable particularly where 
high edge strength and coverage are desired. This is 
particularly innportant in the case of an electrical core 
Such as a stator wherein the insulation must be sufficient 
to prevent the enamel coating of wires subsequently 
wound thereon from being cut or scraped. 

It is apparent that modifications of present method and 
apparatus may be used to coat any article in a bed. 
It is not necessary that the mask be used if the article 
is to be coated all over and similarly if the external sur 
faces are to be coated the article may be held in spaced 
relation to the walls of the upper or lower chambers by 
means of a standard, hook, etc., as the case may be. In 
any instance, however, the coating operation is maintained 
by holding the article stationary and raising the fluidized 
bed to envelope the same wherein the fluidized bed is 
of constant density due to the replacement of plastic par 
ticles upon each operation thereof. 

it will be noted in FIGS. 2 and 5 that a plate 90 is 
shown on top of the foraminiferous screen 58. This is 
used as a deflector directly beneath the inflatable mask 
36. This causes a break down of the cloud or fluidized 
bed directly beneath the impervious surfaces of the mask 
and concentrates the fluidized particles at the outer periph 
ery of the fluidizing chamber. It is apparent that this 
mask or plate 90 will be eliminated or changed in shape 
to conform to the part being coated to obtain best results. 
A specific example of the materials, times and condi 

tions required for coating a stator are set forth as follows: 
In the coating of the stator having an outside diameter of 
5%' and an inner diameter of 3' with 12 slots and hav 
ing a thickness of 2',350 to 375 mesh epoxy powder is 
utilized wherein the stator is heated to a temperature of 
375 F. After the bed is fluidized it is caused to pass 
through the stator as noted and then caused to recede. 
Performing the entire operation requires about 20 sec 
onds wherein powder is in contact with the part about 
6 Seconds. During this period the epoxy powder adheres 
to the exposed surfaces of the stator in a layer of about 
012-015 inch thick. The stator is initially heated as 
noted to a temperature of 375 F. and after the coating 
operation is immediately homogenized in an oven for 36 
minutes at 400 F. It is apparent that the conditions set 
forth may vary within the limits as is well known to 
persons skilled in the art. Similarly, other types of 
POWder may be coated onto the stator or other articles 
tising proper temperature conditions for the specific 
Powder wherein at times of immersion etc. are maintained 
subtantially the same for similar thickness coatings. It 

70 is. understood that if the coating is to be thicker that 
slightly longer immersion will be used while if it is to be 
thinner the period of immersion is to be reduced. In 
general, it is noted that the specific control factors for a 
Specific article to be coated are best determined by actual 

The use of the blow offs 75 test wherein the timing, temperature and density of the 
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cloud of particles may be varied to obtain the results de 
sired. 

While the embodiment of the present invention as here 
in disclosed, constitutes a preferred form, it is to be under 
stood that other forms might be adopted. 
What is claimed is as follows: 
1. An apparatus for coating the surface of a hollow 

article with thermoplastic coating wherein the article is 
preheated to a temperature above the melting point of 
Said thermoplastic coating comprising in combination; a 
closed chamber composed of a movable lower portion 
and a movable upper portion, said lower chamber portion 
comprising a Surface adapted to receive and support the 
article to be coated, an inflatable masking means located 
Within said upper chamber portion, means operable to 
move said movable upper chamber portion into engage 
ment with and away from the hollow article to be coated 
when the article is supported by said lower chamber por 
tion, a pressure fluid source and control means connected 
to said masking means whereby it is defiated and received 
within the hollow article when said movable upper cham 
ber portion is brought into engagement with the article, 
a lower chamber housing member axially aligned with 
said lower chamber portion and connected thereto by a 
hollow flexible bellows means, a screen member in said 
lower chamber housing member to receive and support 
thermoplastic powder particles, means positioned to dis 
charge pressurized gas beneath said screen and mix said 
thermoplastic powder particles in a fluid cloud which is 
not in contact with the hollow article, said masking means 
being inflated by said control means to engage and pro 
tect specified surfaces of the hollow article prior to forma 
tion of the fluid cloud, and means operable to raise said 
iower chamber housing whereby said cloud within said 
housing and said bellows is raised to contact the hollow 
article and coat desired surfaces thereof, said control 
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means being actuated to deflate said masking means when 
the coating opertaion is completed and said upper cham 
ber portion is moved away from the hollow article by its 
operating means. 

2. An apparatus for coating the surface of a hollow 
article with a thermoplastic coating as described in claim 
1 wherein a means is provided to dispense a predeter 
mined quantity of thermoplastic powder particles into said 
lower compartment. 
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