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[5 7] ABSTRACT 
Apparatus for electrophoretically depositing a coating 
from an electrophoretic solution simultaneously on a 
plurality of articles including a vibratory conveyor 
having a helical track and arranged to contain va 
supply of said solution. An electrode is positioned 
within the vibratory conveyor concentrically with 
respect to the track, and spaced inwardly therefrom. 
A supply of electric current is arranged to oppositely 
charge the electrode and the vibratory conveyor so 
that a coating is electrically deposited upon the plu 
rality of articles carried by the track of the vibratory 
conveyor. 

,, 19 Claims, 6 Drawing Figures 
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CONVEYOR FOR ELEC : i a 
BACKGROUND OF THE INVENTION 
This invention relates‘ generally to an apparatus for 

depositing a coating simultaneously on a plurality‘ of 
electrically conductive articles. Such systems are vari 
ously called in the art of electrocoating, electrophore 
sis, or electropainting. . 
These processes all contemplate that the article to be 

coated is placed in a solution, preferably a specially for 
mulated paint bath, and given an electric charge of one 
polarity. An electrode, also immersed in the same bath, 
is given the opposite charge. The resin and pigment 
components of the paint will, under the in?uence of 
these opposite charges, migrate toward the article itself 
and are deposited on the surface as a dense coating of 
uniformly distributed individual particles. A ?lm is 
formed when heat is applied. When organic particles 
are involved, polymerization may take place; when in 
organic particles are involved, fusion may take place. 
The art has long recognized the inherent advantages 

of these processes. First of all, these processes provide 
a uniform coating thickness at all points on the article. 
It is generally known that as the deposited coating 
builds up upon the surface of the article being coated, 
that portion of the surface becomes less electrically 
conductive. This tends to limit the charge on the article 
only to uncoated surfaces. In other words, for a given 
set of conditions, a predetermined quantity of paint will 
be deposited on all portions of the article, and when 
that level has been reached, substantially no further ac 
cumulation will occur. ' 

In addition, empirical investigations have established 
that an electrically deposited thermally treated ?lm is 
much more tightly adherent to the surface of the article 
than conventionally applied paint coatings. 
These advantages are of particular importance in the 

painting of threaded fasteners. That is, conventional 
paint coatings cannot be applied evenly at sharp edges 
due to the high surface tension of these conventional 
paint coatings containing solvent. This lack of 
uniformity, or accumulation of excess coatings in areas 
such as the threads, or slotted head of a fastener is con 
ducive to chipping of the coating during handling or 
use. 

Furthermore, particularly. in commercial applica 
tions, a very tightly adherent paint coating is necessary 
in order to prevent scratching or chipping of the coat 
ing when the fasteners are driven or installed by means 
of power equipment. 
While these advantages are widely known, the art has 

found it extremely difficult to develop an apparatus 
which will successfully carry out the process with 
respect to large numbers of small articles, such as, for 
example, threaded fasteners and the like. Conventional 
techniques wherein each article to be coated is 
separately charged are totally impractical. The only 
known method and apparatus is disclosed in US. appli 
cation Ser. No. 781,049 filed on Dec. 4, 1968 in the 
name of Eugene E. Haney, now US. Letters Pat. No. 
3,616,392. 
The apparatus disclosed in the foregoing application 

was satisfactory in operation. However, the equipment 
involved was relatively expensive to construct and 
maintain. 
The instant application is directed to an apparatus 

which can be used in carrying out the process steps set 
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2 
forth in the application mentioned above. Further 
more, the apparatus of this application is of a new and 
improved design which is cheaper to fabricate, far easi 
er to maintain, and will produce high quality elec 
tropaint coatings on small fasteners at production 
volumes. 

SUMMARY OF THE INVENTION 

The apparatus of this invention contemplates a vibra 
tory conveyor having a helical track extending up 
wardly from the bottom thereof. The conveyor itself is 
in the form of a tank or container adapted to hold a 
supply of a suitably formulated solution for electrical 
deposition. 
At least a portion of the vibratory conveyor and/or 

helical track is electrically charged with one polarity, 
and an electrode immersed in the paint carried within 
the conveyor is oppositely charged. 
The articles to be coated are delivered to the bottom 

of the vibratory conveyor. The vibration of the con 
veyor itself is effective to move the articles in a heli 
cally upward path of travel along the track, and the op 
posite electrical charges are effective to depositv a 
uniform dense coating on the articles. 

DESCRIPTION OF THE DRAWING 
FIG. 1 is a cross sectional view showing the preferred 

vibratory conveyor according to this invention. 
FIG. 2 is a top plan view of the conveyor shown in 

FIG. 1. ' 

FIG. 3 is a perspective view of the conveyor shown in 
FIGS. 1 and 2 with parts broken away to show the in 
terior construction in more detail. ' 

FIG. 4 is a cross sectional view of a modified form of 
the invention. 

FIG. 5 is a top plan view of the embodiment shown in 
FIG. 4. 

FIG. 6 is a perspective, view of the embodiment 
shown in FIGS. 4 and 5 with parts broken away to show 
the interior construction. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Reference has already been made to the process and 
apparatus disclosed in US. Application for patent, Ser. 
No. 781,049 ?led on Dec. 4, 1968, in the name of Eu 
gene E. Haney. The apparatus disclosed in this applica 
tion is particularly adapted to carry out the coating por 
tion of the process set forth in detail in that application. 
By way of general review, the electropainting process 

contemplates ?rst of all a very thorough cleaning of the 
surface of the article to be coated. Exemplary cleaning 
steps would include alkali cleaning followed by a water 
rinse; a solvent degreasing operation and/or an acid 
pickle; or a continual agitation of the parts to be coated 
in a container having alumina pellets. 

Following these cleaning steps, a conversion coating 
of a type well known in the art is applied to the surface 
of the article. This conversion coating is then subjected 
to a baking operation to completely dry the conversion 
coating. 
The articles to be painted, having a prebaked conver 

sion coating, are then introduced into a bath containing 
a suitably formulated paint. The formulation of the 



3,682,136 
3 

paint for utilization in this process is not a part of this 
invention. There are many existing paint formulations ~ 
including different resin systems such as oleoresinous 
materials, acrylics, epoxys, and there are other elec 
trophoretic solutions for the deposition of inorganic 
materials such as aluminum oxide. The remainder of 
this speci?cation will be directed speci?cally at an elec 
tropainting process utilizing ‘an organic resin. 
While in the paint bath, the article to be coated is 

given anelectric charge of one polarity, while an elec 
trode of the opposite charge is immersed in the bath. In 
theory, either anodic or cathodic electrocoating is 
possible. At the present time, the anodic techniques are 
the most highly developed. Under these procedures, 
the article to be coated is given a positive charge, while 
the other electrode in the paint bath is given a negative ' 
charge. Under these circumstances, the resin and pig 
ment components of the paint bath carry. the negative 
charge and will migrate toward the article itself, and be 
deposited on the surface thereof as a coating. 
Turning now to FIG. 1, the preferred apparatus of 

this invention is indicated generally as conveyor 9 
which includes a container 10 which is cylindrical in 
con?guration, and is provided with the domed bottom 
12. Secured to the inner surface of the walls of the con 
tainer 10 is the helical track 14 which extends upwardly 
from the bottom, and includes an exit portion 16 ex 
tending over the top edge of the container 10. 
The entire container structure just described is 

vibrated at high frequency by means of the base struc 
ture indicated schematically at 18. 
The high speed vibration of the container 10 is effec 

tive to cause a plurality of small articles placed on the 
bottom 12 of the conveyor to move outwardly toward 
the periphery of the container, and then to walk up the 
helical track 14. In accordance with the teachings of 
application Ser. No. 781,049, the vibratory “walking” 
action of the articles on the track 14 is effective to 
cause the articles to move with respect to each other at 
least once during the period of immersion in the paint 
bath. Thus, the unit just described is effective to con 
tinuously convey convey plurality of small articles in 
troduced into the container upwardly on the helical 
track 14 and outwardly over the track portion 16 for 
further processing. 
The necessary electric charge is given to the articles 

to be coated through the container 10 itself. To this 
end, the container 10 will be connected in a conven 
tional manner to a source of direct current. The charge 
will be transmitted through the container 10 and/or 
track 14 to the articles carried thereon. 
An electric current of the opposite charge is in 

troduced into the paint bath by means of the electrode 
20. It will be observed that the electrode 20 is in the 
form of a cylinder having an intumed lower edge. This 
cylinder may be suspended within the container 10 in 
any suitable manner. ; 

Empirical investigations have established that the 
relationship between the charged area of the electrode 
20 and the charged area of the container 10 is very im 
portant. Speci?cally, in the anodic coating, the area of 
the cathode 20 must be equal to or larger than the 
charged area of the anode or container 10. - 

It will be apparent in the embodiment shown that the 
total area of the cathode 20 is substantially smaller than 
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the total area of the inside of the container 10. In order 
to limit the charged area of the anode, it is necessary to 
apply an insulative coating 22 to a portion of the inner 
surface of the container to su?iciently reduce the 
charged area to a level equal to or less than the area of 
the cathode 20. Investigations have established that the 
entire bottom 12 of the container may be insulated, the 
entire side wall area of the container may be insulated, 
and the uppermost portion of the helical track 14 may 
be insulated. Suitable insulation may be provided in a 
variety of forms, such as the provision of a nonconduc 
tive resin coating or the like. 

It is believed that operation of the foregoing embodi-v 
ment should be clear. The articles to belcoatedmay be 
introduced in any convenient manner to the bottom of 
the conveyor 9. The vibration of the container 10, as 
previously indicated, advances the articles from the 
bottom of the, container helically upward. Once con 
ductive articles encounter the lower portion of the 
track 14, the electric charge of the track will be trans 
ferred to the articles,and hence the electrical deposi 
tion process begins. The charged length of track 14 
must be su?cient to permit the deposition of the 
required organic coating thickness. 

It will also be apparent that when the articles being 
coated move to the upper portion of the track 14, it no 
longer receives any charge by virtue of the insulation 
22. When the articles being coated emerge above the 
surface of the paint which is indicated in FIG. 1 at 24, 
they will continue to move along the exit portion 16 of 
the track 14. In the case of relatively heavy articles, the 
vibratory energy which is effective to move the articles ‘ 
along the track, may also be effective to mechanically 
remove some portion of the previously deposited coat 
ing. To this extent, it is desirable to provide some form 
of lubrication for the fasteners moving on this portion 
of the track. Suitable lubrication, in the sense in which - 
that term is utilized herein, may be provided by a spray 
of the organic paint on this portion of the track through 
the nozzle 26. . 

The container 10 is provided with an over?ow drain 
28 positioned so as to maintain the normal level of 
paint above the top of the electrode 20. The container 
may also be providedwith a drain 30 at the bottom so 
that it may be completely drained for cleaning, chang 
ing solutions, and so on. 
When the articles being coated reach the end of the 

track portion 16, they may be processed according to 
the teachings of the application referred to earlier. For 
example, they may be subjected to a water rinse, and 
then baked in accordance with the requirements of the 
paint being utilized. 

FIGS. 4 through 6 illustrate a second embodiment of 
the invention. Generally considered, this embodiment 
differs from the one heretofore described in that the 
helical path of travel is continually expanding. The heli 
cal path, rather than lying on the surface of a cylinder, 
lies generally on the surface of an inverted cone. 
Reference numerals used in connection with this em 
bodiment are similar to those used with the foregoing 
embodiment with the addition of the letter “a. ” 
Speci?cally, the conveyor, indicated generally at 9a, in 
cludes the container 10a, the bottom 12a, and the heli 
cal track 14a. The upper portion of the track 16a again 
extends above the upper edge of the container 10a. The _ 
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base for imparting vibratory energy 
indicated at 18a. - 1 

The preferred electrode con?guration is indicated at 
20a. The outer surface of the electrode is generally 
frusto-conical. In this particular embodiment, in order 
to increase the effective area of the cathode, it may be 
desirable to provide the electrode with a partial top 21a 
with an opening 25a through which the articles are fed. 
Again, the relationship set forth earlier holds true. That 
is, the charged area of the electrode 20a must be equal 
to or greater than the effective charged area of the con 
tainer 10. 
The charged area of the container 10a is again 

limited by virtue of the insulative coating 22a applied 

to the container is 

. to the bottom, side walls, and upper portion of the 
track 14a. 

It is believed that the foregoing constitutes a full and 
complete disclosure of this invention, and no limita 
tions are to be inferred or implied unless speci?cally set 
forth in the claims which follow. ' 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are de?ned as fol 
lows: 

1. ‘Apparatus for electrophoretically depositing a 
coating from' an electrophoretic solution simultane 
ously on a plurality of articles comprising: ' 

a. container means having a bottom and side walls 
and adapted to hold a supply of said solution; 

b. electrically conductive means rigidly secured to 
said container means and de?ning a helically up 
~ward path of travel from said bottom of said con 
tainer means; _ 

0. means for vibrating said container means; 
(1. an electrode positioned within said container 

means and spaced from said electrically conductive 
path de?ning means; 

. e. means for supplying electric current of one polari 
ty to at least a portion of said path de?ning means; 
and 

f. means for supplying electric current of the op 
posite polarity to said electrode. 

2. The apparatus claimed in claim 1 wherein said 
> bottom wall of said container means is domed. 

3. The apparatus claimed in claim 1 wherein said 
path de?ning means is secured to said side wall of said 
container means. . 

4. The apparatus claimed in claim 1 wherein said side 
wall of said container means is electrically insulated. 

5. The apparatus claimed in claim 1 wherein said 
means for vibrating said container means is external 
thereto. 

6. The apparatus claimed in claim 1 wherein said 
electrode is negatively charged and said path de?ning 
means is positively charged. 

7. The apparatus claimed in claim 6 wherein the sur 
face area of said electrode is at least as great as the sur 
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face area of the charged portion of said path de?ning 
means. 

_8. The apparatus claimed in claim 1 wherein said 
electrode is generally circular in horizontal cross sec 
tion. 

9. The apparatus claimed in claim 1 wherein said 
helically upward path of travel lies on the surface of a 

c-y apparatus claimed in claim 9 wherein said 
electrode is cylindrical and concentric with said heli 
cally upward path of travel. ' r 

11. The apparatus claimed in claim 1 wherein the 
radius of said helically upward path of travel is con 
stant. 

12. The apparatus claimed in claim 1 wherein the 
radius of said helically upward path of travel con 
tinually increases. 

13. That apparatus claimed in claim 1 wherein said 
helically upward path of travel lies on the surface of an 
inverted cone. 

14. The apparatus claimed in claim 13, wherein said 
electrode includes a frusto-conical portion, the in 
cluded angle of said frusto-conical portion being sub 
stantially equal to the included angle of said conical 
path of travel. 

15. The apparatus claimed in claim 1 wherein said 
solution is an electrophoretic paint containing organic 
resins. 

16. A vibratory conveyor for electrophoretically 
depositing a coating from an electrophoretic solution 
simultaneously on a plurality of articles comprising: 

.a. a container holding said solution and vhaving a 
track extending helically upward from the bottom 
thereof; 

b. means for electrically charging said container; 
0. an electrode disposed in said container concentri 

cally with said track; 
d. means for electrically charging said electrode, said 

last mentioned means being effective to charge 
said electrode oppositely from the charge of said 
container; and 

e. means insulating at least a portion of the inner sur 
face of said container whereby the effective 
charged area of said container is not greater than 
the area of said electrode. 

17. The apparatus claimed in claim 16 wherein said 
track extends above the normal level of said solution in 
said container, and including means for lubricating said 
portion of said track. 

18. The apparatus claimed in claim 17 wherein said 
means for lubricating said portion of said track com 
prises a supply of said solution. 

19. The apparatus claimed in claim 16 wherein said 
solution is an electrophoretic paint containing organic 
resins. 

* * * * * 
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