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3,261,322
ARTICLE COATING APPARATUS HAVING
VIBRATCRY FEED
Byron G. Becker, and Wilhelm E. A. Schmidt, Winston-
Salem, N.C., assignors to Western Electric Company,
Incorporated, New York, N.Y., a corporation of New

York
Filed June 28, 1962, Ser. No. 286,057
17 Claims. (Cl. 118—47)

This invention relates to article coating apparatus hav-
ing a vibratory feed and more particularly to article coat-
ing apparatus having a special vibratory feeding system
for transporting and rotating articles during the coating
thereof,

The apparatis according to this invention is especially
suitable for producing electrical resistors including a non-
conductive core having a coating of carbon or other elec-
trically conductive material deposited thereon.

In many industrial operations it is necessary to subject
an article to an atmosphere under such conditions that
material from the atmosphere is deposited upon the
article. Where it is desired to produce a large number
of articles each having identical coatings which are highly
uniform, regular, and symmetrical, it is usually necessary
to subject each article to be coated to a uniform coating
atmosphere for identical periods of time and under iden-
tical conditions necessary to produce the coating.

In the manufacture of one variety of deposited carbon
resistor, for example, large numbers of generally cylin-
drical ceramic cores must be coated with a predetermined
amount of carbon in such a manner that an identical, sym-
metrical, and uniform carbon coating, having an accu-
rately controlled thickness, is produced on each core. In
order to produce such carbon coatings, it has been the
practice to rotate the cores and expose them to a carbon-
aceous coating atmosphere for a controlled period of
time as they pass through a heated chamber. Typically,
the coating atmospheres employed in producing such coat-
ings include a carbonaceous gas, for example, nitrogen.
The ceramic cores are heated to a temperature such that
the carbonaceous gas is “cracked,” that is, pyrolytically
decomposed, and a hard coating of carbon deposited on
the surface of each core. A wide range of coating at-
mospheres may be used for this purpose, the particular at-
mosphere being chosen in accordance with desired product
characteristics.

1t is the object of this invention to provide a new and
improved article coating apparatus having a vibratory
article feeding system which transports and rotates articles
during the coating thereof.

A further object of this invention is to provide a new
and improved article feeding system of the vibratory type
which simultaneously rotates and transports articles of a
predetermined configuration while ejecting articles having
other than the predetermined configuration.

An additional object of this invention is to provide ap-
paratus for depositing a uniform coating of carbon on
generally cylindrical ceramic cores as they are simul-
taneously transported and rotated by a vibratory feeding
system extending through a fixed coating chamber.

A further object of this invention is to provide article
coating apparatus having a vibratory feeding system and
a new and improved exhaust clearing system the action of
which is enhanced by the action of the vibratory feeding
system.

With these and other objects in mind, this invention
contemplates coating apparatus including a vibratory feed-
ing system for advancing articles through a coating cham-
ber. The vibratory feeding system includes a special vi-
bratory article carrier having a pathway, or carrier chan-
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nel, thereon which extends through the coating chamber
and is driven by devices which intermittently impart com-
ponets of force to the carrier in directions transverse and
longitudinal to the pathway thereon. Articles on the
carrier channel are both rotated and advanced through
the coating chamber.

When used for depositing carbon on ceramic cores in
the manufacture of electrical resistors, this invention may
contemplate coating apparatus including a coating furnace
divided generally into three chambers: a preheat chamber,
a coating chamber, and a cooling chamber. The preheat
and cooling chambers contain, or are flushed with, a neu-
tral gas, while the coating chamber contains a carbon-
aceous atmopshere for producing a hard carbon coating
on the cores as they are simultaneously rotated and ad-
vanced through the coating chamber by the special vibra-
tory feeding system, above outlined. The vibratory feed-
ing system is sealed into the coating furnace by means of
flexible diaphragms. This coating furnace may include
an exhaust passage to which is sealed an exhaust clearing
system for maintaining the flow of exhaust gases from
the furnace free of obstruction by solid waste and also
maintains desired back pressures on the furnace. The
action of the exhaust clearing system is enhanced by the
action of the vibratory feeding system.

These and other objects and advantages of this invention
will become apparent from a reading of the following de-
tailed description and accompanying drawings illustrating
a preferred embodiment thereof.

Referring to the drawings:

FIG. 1 is an enlarged perspective view of a cylindrical
core upon which carbon is to be deposited by apparatus
embodying principles of this invention;

FIG. 2 is a front elevation, partially in section, of
article coating apparatus in accordance with principles
of this invention including a three-chambered coating
furnace, a special vibratory feeding system extending
through the chambers thereof, and conduits for supplying
certain desired atmospheres to such chambers and carrier
system;

FIG. 3 is a plan view, partially in section, illustrating
details of the coating furnace illustrated in FIG. 2, particu-
larly associated cooling apparatus and temperature moni-
toring elements;

FIG. 4 is a sectional view of a portion of the vibratory
feeding system shown in FIGS. 2 and 3 taken along line
4—4 of FIG. 2;

FIG. 5 is a sectional view of a portion of the vibratory
feeding system shown in FIGS. 2 and 3 taken along line
5—5 of FIG. 2;

FiG. 6 is a schematic force diagram illustrating vibra-
tory forces and components thereof applied to the vibra-
tory feeding system;

FIGS. 7-12 illustrate the operation of the vibratory
feeding system shown in FIGS. 2-5 as it imparts rotation
to articles being transported therealong;

FIG. 13 is an elevation, partially in section, illustrating
an exhaust clearing system in use with the article coating
apparatus shown in FIGS. 2 and 3; and

FIG. 14 is an elevation of a detail of the exhaust clear-
ing system viewed from line 14—14 of FIG. 13.

In FIG. 1, there is shown an enlarged cylindrical
ceramic core ‘11 upon which carbon is to be deposited
by coating apparatus according to this invention to form
the body of a deposited carbon resistor. As indicated
by arrow 12 (FIG. 2), cores 11 may be introduced into
a feeding tube 13 of the article coating apparatus desig-
nated generally by the number 14. This apparatus com-
prises two principal portions, a coating furnace, and a
special vibratory feeding system for feeding ceramic cores
11 through the coating furnace.
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In outline, coating furnace 14 includes an elongated
rigidly mounted, cylindrical furnace tube 17 which is
divided into three chambers: a preheat chamber 18, a
coating chamber 19, and a cooling chamber 21. The
preheat and cooling chambers are bounded at their outer-
most ends by flexible diaphragms 22 and 23, respec-
tively. These flexible diaphragms are made of heat re-
sistant, elastic material, for example, Silicone rubber.
Baffles 24 and 25 bound the inmermost ends of the pre-
heat and cooling chambers, respectively, and enclose the
coating chamber therebetween. The coating furnace also
includes apparatus for introducing desired atmospheres
into chambers 18, 19, and 21 and apparatus for con-
trolling the temperature therein. An exhaust clearing
system (FIGS. 13 and 14) is also part of the coating
furnace.

In general, the vibratory feeding system comprises
electromechanical vibrators 26 and 27 which serve to
impart vibrations to an elongated carrier 28 of generally
V-shaped cross section (FIGS. 4 and 5) which extends
through preheat chamber 18, coating chamber 19, and
cooling chamber 21. Vibrations produced by vibrators
26 and 27 are transmitted to carrier 28 by means of
coupling brackets 29 and 30. Set screws 31 lock the
coupling brackets to carrier holders 32 and 33 which,
in turn, are secured to carrier 28. Locking rings 34 and
35 both grip carrier 28 and serve to seal flexible di-
aphragms 22 and 23 about the vibratory feeding sys-
tem. The flexible diaphragms are sealed to the coating
furnace as by means of annular locking rings 36. Be-
ing flexible, the diaphragms prevent wvibrations of the
vibratory feeding system from being transmitted to the
coating furnace and facilitate vibrational control of the
carrier 28. Devices for introducing uncoated cores into,
and accepting coated cores from carrier 28 are also in-
cluded within the vibratory feeding system. These in-
clude a hollow adapter 37, a bushing 38, and an exit
tube 39 having a cooling jacket 40 thereabout.

Coating furnace and vibratory feeding system

Because of the action of the vibratory feeding system,
cores 11 introduced into feeding tube 13 are caused
to progress through the coating furmace. Thus, cores
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11 fed into feeding tube 13, as by means of nip rollers -

(not shown), progress into passage 41 within hollow
adapter 37. This adapter is provided with cooling fins
42 for dissipating heat which may be transmitted to
adapter 37 from the coating furnace. Adapter 37 is
provided with a cylindrical projection 43 having a groove
44 therein which communicates through a series of ports
with passage 41.

Upon leaving passage 41, cores 11 enter passage 47
within bushing 38. Bushing 38 is provided with a gas
conduit 48 which communicates with groove 44 and is
connected to a source of pressurized neutral gas (mot
shown), for example nitrogen, through a gas tube 50.

Progressing through passage 47, cores 11 enter a car-
rier channel 52 (FIGS. 2-5) which extends along the
length of carrier 28 and provides a pathway for the
cores. As best seen in FIGS. 4 and 5, carrier channel
52 is of generally circular cross section. While this
generally circular configuration is especially effective for
transporting cylindrical articles, such as cores 11, a wide
range of other generally channel-shaped configurations
may also be employed.

Carrier 28 is divided into three sections along its length:
a bridged section 53 provided with a covering web 54
(see FIGS. 2 and 4), an open or exposed section 56,
and a bridged section 57 provided with a covering web
58 (FIGS. 2 and 5). The carrier member is constructed
of heat resistant, preferably ceramic, material. It may
conveniently be formed by molding or extruding a de-
sired length of ceramic material having the cross sec-
tion shown in FIG. 4, and making a single milling cut
so as to produce the cross section shown in FIG. 5 along
the length of open section 56.
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The three sections of the carrier 28 correspond to the
three chambers of the coating furnace, that is, bridged
section 53 extends within preheat chamber 18, open sec-
tion 56 extends within coating chamber 19, and bridged
section 57 extends within cooling chamber 21. As best
seen in FIG. 2, cores 11 conveyed along carrier 28 are
protected from the atmospheres in preheat chamber 18
and cooling chamber 21 because carrier channel 52 is
sealed in these chambers by covering webs 54 and 58
and are exposed to the atmospheres within coating cham-
ber 19.

Baffles 24 and 25 are provided with apertures 61 and
62 (FIG. 2), respectively. These apertures correspond
in shape to the cross section of carrier 28 but are suffi-
ciently large so as not to interfere with the vibration
thereof. Apertures 61 and 62 may be relieved in the
vicinity of covering webs 54 and 58, thereby further
venting coating chamber 19 to the preheat and coating
chambers.

In order to assure that cores 41 have reached the
requisite temperature at the time of first exposure to
the coating atmosphere, the cores are heated in preheat
chamber 18 prior to their exposure in coating chamber
19. The temperature within the preheat chamber is con-
trollable by the cooling action of water jacket 86 which
is provided with a water inlet tube 87 and a water outlet
tube 88 (FIG. 3). Further cooling is accomplished by
cooling fins 42 on adapter 37. v

Thus heated, the cores pass from preheat chamber
18 into coating chamber 19. Coating chamber 19 is
defined by baffles 24 and 25 and by a cylindrical liner
66. Baffles 24 and 25 and liner 66 may be formed of
ceramic refractory materials and cemented together with-
in furnace tube 17.

An electrical heater 68 having a suitable electric power
source is arranged to heat coating chamber 19. Thermo-
couples 69 and 78 (FIG. 3) project through baffles 24
and 28, respectively, and into coating chamber 19. The
thermocouples are connected by means of appropriate
circuitry to instruments (not shown) suitable for rcon-
tinuously monitoring the temperature conditions with the
coating chamber. The thermocouples may also be con-
nected to circuitry for regulating the power through heater
68 to maintain desired temperatures within coating cham-
ber 19.

Tubular conduits 71 and 72 provided, respectively, with
lateral gas ports 73 and 74, extend through apertures in
baffle 25. These conduits are connected through a pas-
sage 78 which is formed in locking ring 35, carrier holder
33, and cooling jacket 40 to a pressurized source of coat-
ing gas (not shown) by means of a gas tube 81. Lateral
gas ports 73 and 74 are so directed within coating cham-
ber 19 as to cause the coating gas to have a swirling
action within the coating chamber.

As indicated above, methane is a suitable coating gas
for use in depositing carbon upon cores 11. However, as
is well-known in the art, a wide range of carbonaceous
gases may be used for this purpose. If desired, various
other materials may be introduced along with the car-
bonaceous gas in order to alter the characteristics of the
coating deposited on cores 11.

Once coated, the cores pass into cooling chamber 21,
where they are subjected to a flow of neutral gas, nitro-
gen in this example, introduced under pressure into car-
rier channel 52 and exit tube 39 through a series of ports
communicating with groove 99. This neutral gas is de-
rived from a source (not shown), passes through gas
tube 21, conduit 92, and into groove 9¢. Neutral gas,
which may be derived from the same source, is introduced
through gas tube 93, conduit 94, and into cooling chamber
21.

The temperature of the cooling chamber 21 is control-

‘1able by the action of a water jacket 101 having a water

inlet tube 102 and a water outlet tube 103 (FIG. 3).-
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Coated cores which have progressed through exit tube
39 may be further cooled by the action of cooling jacket
49 which is provided with coolant inlet 186 (FIG. 3) and
coolant outlet 107 (FIG. 2).

From the foregoing it will be seen that various gases
are introduced into the coating furnace and that a coat-
ing reaction takes place therein. The coating furnace
* is vented for the removal of exhaust gases and reaction
products by exhaust passage 109 (FIGS. 2 and 13). Such
gases and products exit the furnace as indicated by arrow
110 (FIG. 13).

Vibratory feeding system details
As discussed briefly above, vibrators 26 and 27 provide

vibrational energy to the vibratory feeding system, there- .

by causing the system to convey articles through the coat-
ing furnace. Vibrators 26 and 27 are provided with clamp-
ing plates 111 and 112 (FIGS. 2 and 3), respectively,
which plates are aperiured to receive vibrator position-
ing bolts 113 and 114, respectively. The orientation of
vibrators 26 and 27 under clamping plates 111 and 112,
and hence the axis along which vibrations are produced,
may be adjusted by means of bolts 113 and 1i4.

Clamping plates 111 and 112 are provided with driving
lugs 116 and 117 (FIG. 2). Bolts 118 and 119 pass
through coupling brackets 29 and 30, and are threaded
into driving lugs 116 and 117, thereby coupling the vibra-
tional energy of vibrators 26 and 27 to the carrier 28.

Vibrators 26 and 27 are powered by a source half
wave rectified alternating current (not shown) and hence,
when under power, periodically apply in phase driving
pulses to the above-described vibratory carrier system at
a frequency corresponding to that of the applied alternat-
ing current. While electromechanical vibrators so pow-
ered are a particularly convenient source of vibratory
energy for use in the vibratory feeding system, it should
be understood that other vibrating motors, for example,
air powered motors capable of delivering intermittent
driving pulses generally along a predetermined axis, may
also be employed.

Exhaust clearing system

After some period of operation during which coating
and neutral gases and reaction products pass through the
coating furnace, solid waste, soot, and the like would
tend to collect in exhaust passage 109 if not removed.
Such an accumulation would interfere with a smooth flow
of gases through the furnace, build up a back pressure,
and have a possibly deleterious effect on the uniformity
of the coating produced on the cores. In order to prevent
this, the coating furnace is provided with an exhaust
clearing system illustrated in FIGS. 13 and 14.

The exhaust clearing system includes a flexible exhaust
pipe 216 which is sealed over the mouth of exhaust pas-
sage 109 and connects to exhaust chamber 211. The ex-
haust chamber is stationary and vibrations which might
otherwise be imparied thereto by the vibratory feeding
system are absorbed by the flexible exhaust pipe. The
exhaust chamber is vented by exhaust port 212. Arrow
213 indicates the general path of exhaust from exhaust
pipe 210 through exhaust port 212.

Scraper 214, shown for purposes of illustration as a
generally U-shaped loop of resilient wire dimensioned
to make sliding contact within exhaust passage 109, is
positioned within the exhaust passage as shown in FIGS.
2 and 13. Scraper 214 is mechanically connected to
motor 215 by means of block 216 and may be maintained
in rotation within exhaust passage 109 by the motor.
Motor 215 is fixed to exhaust chamber 211.

A slide 221, having a small vent 222 and a large vent
223 therein, is mounted over exhaust port 212 by means
of retaining plates 224 and 226. The retaining plates
permit movement of slide 221 vertically while retaining
the slide in sealing relation on exhaust chamber 211 over
exhaust port 212. Slide 221 may be vertically positioned
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by means of air cylinder 227 acting through piston rod
228 to place either of vents 222 or 223 over exhaust port
212. Solenoid valve 229 may be actuated by electrical
circuitry (not shown) to admit air to cylinder 227 and
selectively place either of vents 222 or 223 over exhaust
port 212,

A plunger 39 having a large cylindrical portion 231 of
a diameter equal to that of vent 223, and a small cylin-
drical portion 232 of a diameter equal to that of vent 222,
is arranged in alignment with exhaust port 212. :

Plunger 230 is provided with radial ports 236 and
axial passage 237 which communicates with the radial
ports.

Air cylinder 241, acting through piston rod 242 con-
trols the position of plunger 230 and may drive the
plunger through exhaust port 212 causing the plunger
to scrape either of vents 222 or 223. Air cylinder 241
is controlled by solenoid valve 243, which, in turn, is
under the control of timer 244,

A source of pressurized air (not shown) is connected
to lines 246 and 247 and may be admitted to air cylinders
227 and 241 by solenoid valves 229 and 243, respectively.

Operation

The general mode of operation of this invention will
be apparent from the above-description which sets out
the detailed structure of an embodiment thereof while
tracing the path of a core 11 from feeding tube 13 to
exit tube 39. Below are set forth further details of the
mode of operation.

In order to prepare the coating apparatus under con-
sideration for operation, it is necessary to adjust the vibra-
tory feeding system so that cores 11 will be simultaneously
rotated and transported therealong. It is also necessary to
introduce the required atmospheres into the apparatus
and to create the requisite temperature and gas flow
conditions therein.

The vibratory feeding system is adjusted and put into
operation as follows. Set screws 31 (FIG. 3) are
loosened and carrier 28 is tilted about its longitudinal
axis so as to take the configuration illustrated in FIGS.
4 and 5, that is, with one leg of the carrier 28 tilted
through an angle «, approximately 15° past the vertical
in a direction counterclockwise as viewed in FIG. 5. Set
screws 31 are then tightened to lock carrier 28 in this
orientation. Next, the wing nuts on bolts 113 and 114
are loosened and vibrators 26 and 27 are turned under
clamping plates 111 and 112 so that their axes of vi-
bration are generally parallel to each other and at an
angle with the longitudinal axis of carrier 28. Taking
the longitudinal axis of carrier channel 52 as a reference,
this arrangement is such that the longitudinal compo-
nents 128 and 129 (FIG. 6) of vibratory forces applied
to the feeding system add in the direction opposite to
that in which cores 11 are to be transported along car-
rier 28. The transverse components 131 and 132 (FIG.
6) are directed so as to add and drive the feeding sys-
tem leftwardly as viewed in FIG. 5.

With the vibratory feeding system so adjusted and ori-
ented, the vibrators 26 and 27 under power, cores 11
introduced into feeding tube 13 are subjected to pulsating
forces resulting from the pulsating forces applied to the
feeding system.. With each successive driving pulse
(pulses result from the powering of the vibrators with
half wave rectified alternating current) the feeding sys-
tem 'moves rapidly relative to the cores. This is so be-
cause the forces of inertia of the cores are too great to
be overcome by the frictional forces applied to them by
the rapidly moving feeding system. However, at the
cessation of each driving pulse, when the carrier system
returns relatively slowly to its normal position, the forces
of friction are sufficiently strong to overcome the inertia
of the articles. Thus, cores 11 fed into feeding tube 13
tend to remain stationary while the carrier system is under
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the influence of longitudinal components 128 and 129
(FIG. 6) and to be transported (leftwardly as viewed
in FIGS. 2 and 3) during the intervals between driving
pulses. By this process, cores 11 are transported by the
carrier system.

The transversely acting forces, represented by trans-
verse components 131 and 132 (FIG. 6) have a corre-
sponding effect on the cores as they are transported
along carrier 28 and cause the cores to rotate within
carrier channel 52 as they are transported. This action
may best be understood by referring to FIGS. 7-12,
wherein the curved arrow on core 11 indicates the di-
rection of rotation of the core, the straight arrow on
core 11 indicates its direction of linear movement, and
the arrow under FIGS. 8, 10 and 11 indicates the direc-
tion and magnitude of driving force applied to carrier
28 by the wvibrators.

In FIG. 7, the core is shown at rest in the bottom of
carrier channel 52. A -sharp, leftward driving pulse
(vectors 131 and 132) is imparted to the carrier 28 (FIG.
8) and the core tends to remain stationary due to its
inertia. The core is thus forced upwardly by rounded
sides of the carrier channel, and due to frictional engage-
ment with the carrier channel is driven into rotatiom.
The terminal portion of the lefiward driving pulse causes
the core to be pitched toward (FIG. 9) and strike the
left side of the carrier channel while rotation continues.
In the meantime, the driving pulse terminates and the
vibrator returns relatively slowly (FIG. 10) toward the
normal position. During this slower return cycle, the
core rolls downwardly into the carrier channel (FIG. 11),
passes the neutral point «(FIG. 12), and the process is
repeated as the next sharp, leftward driving pulse is im-
parted to the carrier.

The net effect of the transverse driving forces is to
cause a relatively smooth rotation of the cores as they
progress along the article feeding system. This rotation
is clockwise as viewed in FIG. 5.

The above-described tipping adjustment of the vibratory
feeding system about the longitudinal axis of carrier 28
permits the ejection of defective cores from carrier 28
as the cores pass across open section 56. A defective
core, being acted upon irregularly by the transverse driv-
ing pulses does not achieve the smooth, uniform rolling
action imparted to the perfect cores, and is caused to be
pitched out of carrier channel 52 and off of carrier 28.

As indicated above, carrier channels having a wide
range of cross sectional configurations will serve to im-
part rotation to the cores when driven intermittently.
For example, if a simple V-shaped carrier channel is
.employed, the cores will tend to remain stationary with
each driving pulse and thus to be lifted up the side of
the channel, Then, at the cessation of the driving pulse,
will roll downwardly. Rotation is thus produced by suc-
cessive driving pulses. The circular configuration illus-
trated in FIGS. 4, 5, and 7-12 gives superior performance,
especially with round workpieces, because of the rela-
tively smooth rolling action of workpieces around con-
-fines of carrier channel 52.

It should be apparent that a wide range of orientations
of the vibrators 26 and 27 relative to carrier 28 will pro-
duce the requisite longitudinal and transverse components
of force on the vibratory feeding systems. It should also
be clear that a wide range of orientations of the feeding
system about the longitudinal axis of carrier 28 will serve
_satisfactorily to permit the carrier 28 to eject defective
cores. If desired, the cores may be transported along
carrier channel 52 by auxiliary feeding apparatus, for
example, nip rolls (not shown), while making use of
the transversely acting forces, components 131 and 132
to rotate the cores.

The particular orientations selected for discussion
above, are especially suitable and effective for transport-
-ing, rotating and ejecting generally cylindrical ceramic
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cores of the sort used in manufacturing deposited carbon
resistors along a carrier channel of generally circular
cross section.

With the vibratory article feeding system adjusted and
set into operation, pressurized nitrogen is introduced into
gas tubes 58, 91, and 93. Also, methane is introduced into
gas tube 81. Heater 68 is turned on and regulated as
desired to heat coating chamber 19 and preheat cham-
ber 8. Cooling water is pumped into and drained from
cooling jacket 40 and water jackets 86 and 161 by means
of their respective coolant inlet and outlet tubes.

Motor 215 (FIG. 13) of the exhaust clearing system is
turned on to rotate scraper 214. Solenoid valve 229 is
actuated to place either of vents 222 or 223 (FIGS. 13
and 14) over exhaust port 212 in accordance with the
desired back pressure within the coating furnace. Timer
244 (FIG. 13) is set to periodically actuate solenoid valve
243 and thereby start plunger 239 in periodic reciprocat-
ing motion into and out of the selected vent (vent 222 or
223).

After the coating furnace and vibratory feeding sys-
tem is properly adjusted and put into operation, cores
11 are introduced into feed tube 13. Due to the above-
described feeding action, possibly supplemented by a
forced feeding of the cores into feed tube 13, the cores
are transported into the coating furnace.

While within feed tube 13, passages 41 and 47, and
within bridge section 53 of carrier 28, the cores are
bathed by a flow of nitrogen. Introduced by means of
gas tube 50, this gas passes through gas conduit 48,
through groove 44 and into passage 41 where it divides,
one portion flowing along carrier channel 52 to protect
the cores from undesired chemical reactions and from
premature exposure to the coating atmosphere while in
the preheat chamber, the other portion passing toward
feeding tube 13 to flush the newly introduced cores of
contaminants, especially oxygen.

Thus cleansed and protected by neutral gas, the cores
are transported through preheat chamber 18, the tempera-
ture of which is regulated (as hereinbefore described)
to bring cores up to the desired coating reaction tempera-
ture prior to their exposure to the coating atmosphere
within coating chamber 19. This temperature is that
at which the coating gas, methane in this example, will
crack and deposit the desired hard coating of carbon on
the core.

When the cores pass out from under covering web 54,
they are no longer protected by neutral gas, and are im-
mediately exposed to the coating atmosphere.

Rotation of the cores as they pass through the coat-
ing chamber, together with the swirling action of the
coating gases introduced therein, promotes the produc-
tion of a highly uniform and symmetrical coating of car-
bon on the cores. This coating reaction takes place until
the cores reach covering web 58, There, due to a flow
of neutral gas moving rightwardly in carrier channel 52,
the coating reaction is cut off sharply.

Once within cooling chamber 21, cores 11 are pro-
gressingly cooled and cleansed of any undesirable reac-
tion products by the neutral gas flowing in carrier chan-
nel 52. Nitrogen, which serves this purpose, is intro-
duced into gas tube 91, passes along gas conduit 92, into
groove 90, and into exit tube 39 through the ports com-
municating with groove 90. This flow of gas divides in
exit tube 39, part flowing along carrier channel 52 to
perform the above-described cooling and cleansing func-
tion, and part moving in the opposite direction to protect
the coated cores until they have reached room tempera-
ture (or other desired temperature).

Neutral gas forced into gas tube 93 passes through
conduit 94 and flows into cooling chamber 21. This
flow of gas further cools this chamber and prevents any
accumulation of undesirable hydrocarbon gases and solid
products in the cooling chamber.
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Cooled by the action of water jacket 101 and by the
flow of neutral gas, the cooling chamber is maintained
at such a temperature that cores passing therethrough
are brought close to room temperature (or other desired
temperature) as they pass therethrough. As the cores
enter exit tube they are subjected to the further cooling
action of cooling jacket 40, which is regulated by con-
trolling the flow of coolant therethrough so as to bring
the cores precisely to the desired temperature prior to
their removal from the coating furnace.

Neutral gas introduced into cooling chamber 21 passes
through aperture 62 (FIG. 2) and into coating chamber
19 where it mingles with coating and neutral gases there-
in. This mixture of gases passes through aperture 61
into preheat chamber 18. The flow of neutral gas from
cooling chamber 21 through coating chamber 19 tends
to flush the latter chamber of troublesome hydrocarbon
products which might, in the absence of such gas flow,
produce reformed hydrocarbons and contaminate the
surface of the cores. This mixture of gases is finally
exhausted from preheat chamber 18 through exhaust
passage 109 as indicated by arrow 118 (FIG. 13). The
flow of gases within preheat chamber 18 both heats the
chamber and tends to exclude undesired accumulations
of reaction products therein.

Solid reaction products which might otherwise accumu-
late in exhaust passage 189 are scraped loose by the
rotation of scraper 214 and carried with exhaust gases
through ‘exhaust pipe 216 into exhaust chamber 211.
When necessary, such solid reaction products may be
removed from the exhaust chamber floor. It will be
noted that scraper 214, which is fixed to motor 215 and
hence is stationary except for a rotational motion, does
not vibrate with the vibratory feeding system. The walls
of exhaust passage 189, on the other hand, do vibrate.
The resulting relative vibratory motion between the
scraper and the walls of passage 169 enhances the clean-
ing action of the scraper.

Gaseous exhaust products flowing as indicated by
arrows 119 and 213 (FIG. 13 pass through exhaust
port 212 and through whichever of vents 222 or 223 as
has been selected to provide the proper back pressure
in the coating furnace.

The selection of vent size will determine the back pres-
sure and therefore the density 'of the gas passing through
the coating furnace. This gas density has a material
effect on the coated product produced thereby. When
the coating furnace is used to coat small cores, a rela-
tively rapid flow of gas may be desired and a larger vent,
e.g., vent 223, will be selected. When larger cores are
to be coated, it may be desired to have a slower flow
of gases through the coating furnace, and a relatively
smaller vent may be selected, e.g., vent 222. Slide 221
may be provided with a series of wents related in size and
number to the variety of products to be produced by
the coating furnace. Likewise, air cylinder 227 may be
appropriately actuated to select the proper vent in rela-
tion to the product and may instantaneously shift the slide
221 when it is desired to produce a different product.

As the coating furnace is operated, solid reaction prod-
ucts may accumulate within exhaust port 212 and vents
222 and 223. Such an accumulation would tend to inhibit
the flow of gases through the furnace, if not removed.
Based on experience and product uniformity require-
ments, timer 244 may be set to periodically actuate air
cylinder 241 and drive plunger 230 through exhaust port
212 and through the vent then over port 212, to clean
both vent and port. If small vent 222 is in use, small
cylindrical portion 232 will clean the vent while large
cylindrical portion 231 will clean exhaust port 212. If
large vent 223 is in use, the leftward (FIG. 13) motion
of plunger 239 will not be stopped by slide 221 and large
cylindrical portion 231 will clean both large vent 223
and exhaust port 212, In order to prevent a sudden
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increase in back pressure on the coating furnace when
vent 222 or 223 is being cleaned by plunger 2390, radial
ports 236 and axial passage 237 within plunger 230 tem-
porarily vent exhaust chamber 211 to the atmosphere.
The provision of radial ports 236 and axial passage 237,
together with the capacity of exhaust chamber 211, per-
mit a practically uninterrupted flow of gases through the
coating furnace as vent 222 or 223 is cleaned.

When the cores 11 have passed through the coating
furnace, operated as above-described, they are collected
at the end of exit tube 39 or otherwise passed to subse-
quent fabricating operations not within the contempla-
tion of this invention.

It is to be understood that the above-described arrange-
ment of apparatus and construction of elemental parts is
simply illustrative of an application of the principles of
this invention and that many other modifications may
be made without departing from the invention.

What is claimed is:

1. Apparatus for treating cylinder-like articles com-
prising

a treating chamber,

an article carrier member having a longitudinally ex-

tending pathway thereon which extends into the
treating chamber, and

means for intermittently imparting components of force

to the carrier member which are transverse and
longitudinal to the pathway, which pathway imparts
the force components to the articles to rotate the
articles about their major axes within the pathway
and to transport the articles along the pathway.

2. Apparatus for coating cylinder-like articles compris-
ing

a coating chamber,

an elongated article carrier member having a longitudi-

nal pathway formed thereon for transporting articles
into and through the coating chamber,
means covering the pathway except in the area where
the pathway extends within the coating chamber,
thereby excluding undesired atmospheres from the
surface of the articles prior to their entry into and
after their withdrawal from the coating chamber,
and
vibratory means for intermittently imparting compo-
nents of force to the carrier member which are trans-
verse and longitudinal to the pathway, which path-
way imparts the force components to the articles to
rotate the articles about their major axes within the
pathway and to transport the articles along the path-
way.
.3;.' Apparatus for coating cylinder-like articles com-
prising
a coating chamber,
an elongated article carrier member having a longi-
tudinal pathway formed thereon receptive to com-
ponents of force transverse and longitudinal to the
pathway, the pathway extending through the coating
chamber for exposing articles on the pathway,

means for introducing and swirling a coating atmos-
phere about the elongated article carrier member
to subject exposed articles to said swirling atmos-
phere, and

vibratory means for intermittently imparting compo-

nents of force to the carrier member which are trans-
verse and longitudinal to the pathway, which path-
way imparts the force components to the articles to
rotate the articles about their major axes within the
-pathway and to transport the articles along the path-
way.

4. Apparatus for coating generally cylindrical cores
comprising

a furnace tube including therewithin

a preheat chamber,

a cooling chamber, and
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a coating chamber intermediate the preheat and cool-

ing chambers;

means for heating the coating chamber;

means for introducing a coating atmosphere into and

exhausting the coating atmosphere from the coating
chamber;
means for introducing neutral gas into and exhausting
neutral gas from the preheat and cooling chambers;

an elongated carrier member having a straight car-
rier channel of generally circular cross section there-
in mounted within the furnace tube and extending
through the preheat, coating, and cooling chambers;

cover means for sealing the carrier channel against the
atmospheres within the preheat and cooling cham-
bers and for exposing a portion of the carrier chan-
nel to the coating atmosphere within the coating
chamber; and

vibratory means for intermittently applying forces to

the carrier member which are longitudinal and trans-
verse to the carrier channel, which channel imparts
the forces to the cores to rotate the cores about
their major axes within the carrier channel and to
transport the cores along the carrier channel.

5. Apparatus for coating cores according to claim 4,
including means for positionally adjusting the elongated
carrier member about its longitudinal axis.

6. Apparatus for coating cores according to claim 4,
including means for positionally adjusting the axis of
vibration of the vibratory means relative to the longitudi-
nal axis of the carrier member.

7. Apparatus for treating cylinder-like articles com-
prising a treating chamber, a carrier member having a
longitudinal pathway therein for transporting articles
into the treating chamber, vibrating means for inter-
mittently imparting to the carrier member components
of force which are transverse and longitudinal to the
pathway, which pathway imparts the force components
to the articles to rotate the articles about their major axes
within the pathway and to tranmsport the articles along
the pathway, and a least one flexible diaphragm sealed
about the carrier member and both sealing a portion of
the treating chamber against the escape of the atmosphere
therewithin, and preventing the transmission to the cham-
ber of vibratory forces applied to the carrier member.

8. Apparatus for treating cylinder-like articles as de-
fined in claim 7, wherein the treating chamber is open
at both ends, means are provided for rigidly supporting
the chamber against movement, the carrier member ex-
_tends through and projects beyond the ends of the cham-
ber, a pair of resilient flexible diaphragms seal the ends
of the chamber and are sealed about the carrier member,
and the vibrating means includes a pair of vibrators lo-
cated at both ends of the carrier member, the axis of
vibration of the vibrators being at angles which are acute
to the longitudinal axis of the longitudinal pathway.

9. Apparatus for conveying cylinder-like articles com-
prising a carrier member having a longitudinally extend-
ing carrier channel of generally circular cross section
thereon, and means for intermittently imparting compo-
nents of force to the carrier member which are transverse
and longitudinal to the carrier channel, which channel
imparts the force components fo the articles to rotate
articles about their major axes within the carrier channel
“and to transport the articles along the carrier channel.
~ 10. Apparatus for conveying cylinder-like articles com-
prising

an elongated carrier member having a longitudinally

extending bore therethrough to form a carrier chan-
nel, and having a portion thereof cut away to ex-
pose a section of the carrier channel, and

means for intermittently imparting components of

force to the carrier member which are transverse
and longitudinal to the carrier channel, which chan-
nel imparts the force components to the articles to
rotate the articles about their major axes within the
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12
carrier channel and to transport the articles along
the carrier channel.

11. Apparatus for conveying articles according to claim
9, wherein the means for intermittently imparting com-
ponents of force comprise at least one vibrator, the axis
of vibration of which is adjustable relative to the longi-
tudinal axis of the carrier channel.

12. Apparatus for conveying generally cylindrical cores
comprising

an elongated carrier member having a longitudinaily
extending circular bore therethrough to form a car-
rier channel, and having a portion thereof cut away
to expose a section of the carrier channel,

vibrator means for intermittently imparting transverse
and longitudinal components of force to the carrier
member, which member imparts the force compo-
nents to the cores to impart rotation to the cylindri-
cal cores about their major axes in the carrier chan-
nel and to advance the cylindrical cores along the
carrier channel, and

means for adjusting the position of the carrier mem-
ber about its longitudinal axis.

13. In an article treating apparatus including a treat-
ing chamber, means for introducing a desired atmosphere
into the treating chamber, and an exhaust passage for
exhausting gaseous and solid waste from the treating
chamber,

a vibratory feeding system for transporting articles

through the treating chamber,

a cleaning element within the exhaust passage for
clearing solid waste therefrom,

means for mounting the cleaning element :and for iso-
lating the element from the vibration of the vibra-
tory feeding system,

means for driving the cleaning element within the
exhaust passage,

an exhaust chamber sealed over the exit end of the
exhaust passage having an exhaust port therein,

plunger means, and

power means for driving the plunger through the ex-
haust port to clear any deposited solid waste in the
port.

14. In a coating apparatus including a coating cham-
ber, means for introducing a desired atmosphere into
the ‘treating chamber, and an exhaust passage for ex-
hausting gaseous and solid waste from the treating cham-
fber,

a vibratory feeding system for transporting articles
through the treating chamber, the vibratory system
imparting motion to the exhaust passage,

a cleaning element within the exhaust passage for clear-
ing solid waste therefrom,

means for mounting the cleaning element and for iso-
lating the clement from the vibration of the vibra-
tory feeding system to effectuate relative vibratory
motion between the cleaning element and the exhaust
passage, :

means for driving the cleaning element within the ex-
haust passage,

an exhaust chamber having an exhaust port therein,

a flexible exhaust pipe connecting the exhaust passage
with the exhaust chamber,

a movable slide having a plurality of different sized
vents therein which are alignable over the exhaust
port,

power means for moving the slide to selectively posi-
tion a vent in alignment with the exhaust port,

plunger means, and

power means for driving the plunger through the ex-
haust port and the selected vent to clean both port
and vent of solid waste.

15. Coating apparatus according to claim 14, wherein
said plunger has a plurality of portions of different cross
sections each corresponding in shape to a vent in the
slide.
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16. Coating apparatus according to claim 14, wherein
the plunger is provided with an internal passage for vent-
ing the exhaust chamber to the atmosphere when the
plunger is within a selected vent.

17. Coating apparatus according to claim 14, wherein
the power means for driving the plunger include timer
controlled actuating means for periodically energizing the
power means and operating the plunger.
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