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ABSTRACT OF THE DISCLOSURE 

Method and apparatus for ?lling containers with pow 
dered material by reducing the pressure in the container 
and utilizing the pressure differential to displace the pow 
der from a hopper into the container. The container is 
evacuated through a port near the top of the container. 
The hopper valve is opened brie?y and then closed to 
allow the vacuum to build up in the container while the 
valve ‘is closed. After one or more ?lling shots, the rate 
at which air is drawn out of the container through the 
port 15 reduced, thereby causing material on the screens 
over the port to be dislodged before beginning another 
ser1es of ?lling shots. Also, the vacuum may be main 
tamed in the container at a high lever for a brief interval 
in order to shrink the powder that was previously de 
posited 1n the container. 

-—————_ 

This invention relates to a method and apparatus for 
?lling containers with particulate material and, more par 
ticularly, to ?lling containers by means of a pressure dif 
ferential between the hopper and the container. 
Nonporous containers, such as cans, bottles and drums 

may be ?lled in accordance with conventional techniques 
by applying a vacuum to the interior of the container and 
then allowing particulate material to flow from a hopper 
into the container in response to the pressure differential 
acting. on the material in the hopper. Generally, a ?lling 
head_1s applied to the mouth of the container and a hop 
per in which the particulate material is deposited com 
mumcates with the container through a valve openintI in 
the ?lling head. A ?uid passage in the ?lling head czm 
municates with the interior of the container. A vacuum 
pump exhausts air from the container through the pas 
sage to create a vacuum in the container. The resulting 
pressure di?ierential draws particulate material through the 
valve opening and into the container. Usually a container 
is ?lled by repeatedly opening and closing the hopper 
valve to deposit an increment of material in the container 
while the valve is open and to build the vacuum back up 
in the container while the valve is closed. 
_ Although this apparatus operates satisfactorily for ?ll 
mg containers with most types of particulate material 
there is a tendency for the screens over the vacuum pasi 
sage to become clogged while the container is being ?lled 
with material that has a very ?ne particle size. The vac 
uum pump continues to draw air out of the container as 
the ?ne particles pass from the hopper into the container 
and some of the particles are drawn toward the vacuum 
passage by the air currents. Also, the ?ne particles of ma 
terial that are deposited in the bottom of the container 
may be so light that some of them are drawn toward the 
vacuum passage by the air currents in the container. Over 
a period of time, a coating of particles may be deposited 
on the screen covering the vacuum passage. This coating 
limits the level of vacuum that can be built up in the con 
tainer. 

In order to overcome the tendency for ?ne particulate 
material to coat the screens over the vacuum passage, it 
has been proposed to provide a pair of Passages and to 
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reverse periodically the ?ow of air across the screens 
during the ?lling cycle, as described in my earlier patent, 
No. 2,170,469. Although this screen clearing step over 
comes the problem of coating the screens with most pow 
dered materials, it has the disadvantage of requiring a cer 
tain amount of time during the ?lling cycle for circulating 
the air across the screens and thus the rate at which con 
tainers can be ?lled is relatively slow. Also, if the par 
ticles previously deposited in the container ‘are very small, 
they may be stirred up by the air currents and render the 
screen clearing step ineffective. 

Accordingly, it is an object of this invention to provide 
a method and apparatus for ?lling containers with ?ne, 
particulate material. 

It is a further object of this invention to provide ‘a meth 
od and apparatus for rapidly ?lling containers with ?ne, 
particulate material, by means of a pressure differential, 
without clogging the vacuum passages. 
These objects are accomplished in accordance with a 

preferred embodiment of the invention by applying a vac 
uum to the interior of the container and then brie?y open 
ing the material supply valve to allow material to ?ow 
from the hopper into the container. When the supply valve 
is open, the pressure in the container rises and when the 
valve is closed, the vacuum builds up to a predetermined 
level again in the container. The portion of the ?lling cycle 
between the time when the supply valve ?rst opens until 
it starts to open again is known as a “shot.” The buildup 
of the vacuum occurs as rapidly as possible in order to 
reduce to a minimum the ?lling time for the container. 
The periodic opening and closing of the supply valve in 
this manner, while continually withdrawing air from the 
container is repeated until the container is partially ?lled. 
This may require one or more shots. 
The supply valve is again opened and closed to allow 

a charge of material to pass into the container, but the 
rate of flow of air out of the container through the vac 
uum line is substantially decreased, so that the vacuum 
builds up slowly in the container. Thus, the air currents 
are not strong enough to draw the particles against the 
screen. When the vacuum has reached a predetermined 
level, the rate of ?ow of air is adjusted to maintain the 
vacuum in the container at the predetermined level for a 
certain interval of time. The supply valve is again opened 
for the next shot during which material flows from the 
hopper into the container and the cycle may be repeated, 
as necessary, until the container is ?lled. 
The apparatus for carrying out this method includes a 

valve arrangement for adjusting the rate of ?ow of air ‘ 
out of the container through the vacuum line in order to 
vary the rate of buildup of vacuum in the container and 
to maintain the vacuum at a selected level for a selected 
time interval. 

This preferred embodiment is illustrated in the accom 
panying drawings in which: 
FIG. 1 is a schematic view of the apparatus of this 

invention; 
FIG. 2 is a cross sectional view of a ?lling head ‘and 

container; ‘ 
FIG. 3 is a cross sectional view of the ?lling head along 

the line 3——3 in FIG. 2; 
FIG. 4 is a schematic view of the vacuum pump and 

valve for controlling the air ?ow from the container; and 
FIG. 5 is a graph showing the changes in pressure in 

a container while it is being ?lled. 
Referring to FIG. 1, a ?lling head 2 is applied to the 

mouth of a container 4. The container 4 is clamped be 
tween the ?lling head 2 and a movable platform 6. A 
hopper 8 on the ?lling head body 10 receives particulate 
material which is to be deposited in the container 4. 
The ?lling head body 10 has a gasket 12 which cooper 

ates with the mouth of the container ‘4 to form a seal be 
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tween the container and the body 10. Particulate material 
?ows from the hopper 8 into the container 4 through a 
central passage 14 in the ?lling head body 10. A valve 
16 ismounted in the passage 14 to control the ?ow of ma 
terial from the hopper 8. The valve 16 has a resilient 
sleeve 18 which is in?ated by air under pressure to ex 
pand and close the passage 14. The construction and 
operation of the air-operated valve 16 is described in 
my Patent No. 2,687,145. 

Arcuate recesses 20 are formed in the lower surface 
of the ?lling head body 10 around-the passage 14. The 
recesses 20 are covered by screens 22 which are secured 
in the ?lling head body 10. Passages 24 in the ?lling head 
body 10 communicate between the recesses 20 and the 
periphery of the body 10. The passages 24 are connected 
to conventional tubing 26, which is shown schematically 
in FIGS. 1, 2 and 3, by a threaded ?tting 28. Another 
passage 30 in the body 10 supplies air to the in?atable 
valve 16. Air is supplied through tubing 32 which is con 
nected with the passage 30 by a conventional ?tting 34 at 
the periphery of the body 10. 
As shownin FIG. 1, air under pressure is supplied, to 

the tubing 32 by a pump 34 and the ?ow of air through 
the tubing 32 is controlled by a valve 70. A vacuum pump 
38 is connected to the tubing 26 and the rate of ?ow of 
air through the tubing is controlled by a valve 40. Of 
course, the pumps 34 and 38 may be a single pump ‘with 
the tubing 26 ‘connected to the vacuum side and the tubing 
32 connected to the pressure side. The valve 40 is an ad 
justable valve that is operated by a control unit 42. 

Referring to FIG. 4, the control unit 42 includes a ?uid 
actuator 44 and a ?ow control system 46. The valve 40 
has an inlet conduit 48 and an outlet conduit 50 which 
are connected to the ?lling head 2 and the vacuum pump 
38, respectively, by the tubing 26. A valve seat 52 is pro 
vided in a partition 54 which separates the inlet and outlet 
conduits. A valve element 56 is supported on the end of 
a valve stem 58 which is mounted for reciprocating move 
ment in a bearing 60. The opposite end of the valve stem 
58 is connected to a piston 62 in the ?uid actuator 44. 
The position of the valve element 56 relative to the seat 
52 controls the rate of ?ow of air out of the container 4. 
The control system 46 supplies air or other ?uid to the 

actuator 44 to control the position of the piston 62. The 
control system 46 must be capable of moving the valve 
element 56 to a fully open position during the initial 
portion of the ?lling cycle. While the element 56 is being 
held open by the piston 62, the system 46 in?ates the 
supply- valve 16 at regular intervals for each shot during 
which material flows into the container and then the vac 
uum builds up again. After a predetermined number of 
shots, the system 46 closes the valve 56 to reduce the rate 
of ?ow through the valve 40 and thereby reduce the rate 
at which the vacuum is built up in the container 4. The 
vacuum is maintained in the container for a predeter 
mined time interval before the supply valve is again 
opened. Then the valve element is displaced to a fully 
opened position to provide a higher ?ow rate through the 
valve 40 during the next shot. 
A suitable system for controlling the supply valve 16 

and vacuum valve 40 is shown in FIG. 4. Of course, other 
systems may be used for controlling these valves in the 
manner described above. The system 46 includes ?uid 
conduits 64 and 66 which connect the pump 34 with 
opposite sides of the piston 62. The tubing 32 that supplies 
air to the in?atable valve 16 is also connected to the 
pump 34. A timer 68 controls the flow of air to the actu 
ator 44 and to the valve 16. The timer is a conventional 
type of electrical timer that trips relays at preset time 
intervals. The relays in the timer are connected with sole 
noid operated valves for controlling ?ow through the 
conduits 64 and 66 and the tub-ing 32. 
A solenoid valve 70 is operated by the timer 68 to 

open and close the valve 16 at predetermined intervals. 
A solenoid valve 72 in the conduit 64 controls ?ow to 
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4 
one side of the piston for displacing the valve element 
away from the seat 52. Another solenoid valve 74 in the 
conduit 66 controls ?ow to the opposite side of the piston 
62. The valve 72 and 74 are three-way valves, which in 
one position allow air to escape from the valve when 
air is being supplied to the actuator 44 through the other 
valve. Thus, the unbalanced pressure in the actuator 
causes the piston 62 to be displaced in the desired direc 
tion. 
The timer 68 is adjusted to close the valve 40 after a 

selected number of shots. This is accomplished by open 
ing the valve 74 to supply air to the actuator 44 and allow 
ing air to escape from the conduit 64 through the valve 
72. Preferably, the valve 40 is closed at the same time 
that the valve 16 is in?ated by operating the valve 70. In 
order to change the rate of build-up of vacuum in the 
container 4, a bypass conduit 76 is provided. The bypass 
conduit has a throttle valve 78. which may be adjusted to 
control the rate of ?ow of air through the conduit 64 to 
the actuator 44. Flow of air through the bypass conduit 
76 is controlled by a solenoid valve 80. The timer 68 is 
set to open the valve 80 immediately after the piston 62 
has moved to close the valve 40. 
The pressure conditions in the container 4 while the 

container is being ?lled in accordance with this invention 
are shown graphically in FIG. 5. At the point A on the 
graph, the valve 70 is open to in?ate the supply valve 16. 
The valve 72 is open to supply air to the actuator 44 
and the valve 74 exhausts air from the conduit 66. The 
valve 80 is closed and the throttle valve 78 is adjusted 
to produce the desired rate of movement of the valve 
element 56. As the ?rst shot starts, the valve 70 is closed 
by the timer to open the supply valve 16 and allow pow 
dered material to ?ow from the hopper 8 into the con 
tainer 4. Since the interior of the container 4 is in com 
munication ‘with atmospheric pressure through the hopper 
8, the vacuum in the container decreases as the material 
?ows into the container. At the point B on the curve, 
the supply valve 16 is closed by means of the valve 70. 
The vacuum 40 remains open after the valve 16 closes and 
the vacuum rises rapidly to the point C on the curve. The 
?rst shot is then completed. A series of shots similar to 
the ?rst shot may be provided. 
At the point C, the supply valve 16 is again opened 

by closing the valve 70, and the vacuum valve 40 remains 
open. The material ?ows from the hopper into the con 
tainer as in the ?rst shot. At the point marked D. on the 
curve, the supply valve 16 is closed by opening the valve 
70 and the vacuum valve 40 is closed by moving the ele 
ment 56 against the valve seat 52. This is accomplished 
by means of the timer 68 which opens the valve 74 and 
positions the valve 72 to exhaust air from the conduit 
64. The pressure differential moves the piston 62 toward 
the valve seat 54 until the valve 40 is closed. 

Immediately after the valve closes, the control valve 
72 is closed by the timer 68 and the valve 74 is opened to 
the atmosphere. The valve 80 is also opened to direct air 
through the valve 78 to displace the element 56 away 
from the valve seat 52 at a su?iciently slow rate to prevent 
the powdered material in the container to be drawn up 
against the screens 22. The increase of vacuum in the con 
tainer continues until the valve 40 is fully open, at about 
the point E on the curve in FIG. 5. Since the leakage of air 
into the container 4 is approximately constant when the 
supply valve 16 is closed, the level of vacuum in the con 
tainer remains approximately constant. The time interval 
during which the vacuum remains constant, the interval 
between points E and F, is determined by the timer 68. 
At the point P, the next shot starts. 
The time interval required for carrying out the delayed 

vacuum buildup depends primarily upon the- size of the 
container. A change in vacuum in the container from 10 
inches of mercury to 24 inches of mercury for a ?ve gal 
lon container may require ?ve to ten seconds, while a 
?fty-?ve gallon container may require up to ?fty seconds. 
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This method produces better ?lling rates for ?ne mate 
rials, such as soft carbon black, paint pigments, light cal 
cined magnesia, and aluminum powders. 
One of the advantages of this invention is that con 

tainers may be ?lled rapidly with light particulate mate 
rials by rneans of a vacuum, without coating and clogging 
the vacuum outlet with particles of the material being de 
posited in the container. Another advantage of the de 
layed vacuum buildup of this invention is that the material 
deposited in the bottom of the container by preceding 
shots tends to become compacted by the gradually in- 
creasing vacuum, so that a greater volume of material 
may be placed in the container. 

While this invention has been illustrated and described 
in one embodiment, it is recognized that variations and 
changes may be made therein without departing from the 
invention as set forth in the claims. 

I claim: 
1. A method of ?lling containers with particulate mate 

rial comprising in sequence the steps of: withdrawing 
gas from the container at a ?rst predetermined rate 
through a screened port to reduce the ?uid pressure in 
the container, dispensing a quantity of the material into 
the container through a valve from a zone at higher pres 
sure, closing the valve and withdrawing gas at a second 
predetermined rate from the container through said port, 
said second rate being lower than said ?rst rate, whereby 
paricles of said material are dislodged from said screened 
port due to the lower rate of gas ?ow into said port dur 
ing said last mentioned gas withdrawing step. 

2. The method of claim 1 including mairtaining said 
container at a reduced substantially cons‘ant pressure for 
a predetermined time interval during said last mentioned 
gas withdrawing step. 

3. The method of claim 1 wherein said ?rst mentioned 
gas withdrawing step and said dispensing step are re 
peated in sequence prior to said last mentioned gas re 
ducing step. 

4. Apparatus for ?lling containers with ?ne particulate 
material comprising a hopper, ?lling head means, seal 
means on said ?lling head means for receiving a container 
and forming a ?uid seal therebetween, an air discharge 
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port on said ?lling head means, said port having a screen 
thereon, said ?lling head means including valve means 
for supplying material from said hopper to said container, 
passage means for conducting air through said port from 
a container positioned in engagement with said sealing 
means, means for drawing air away from said container 
through said port at a ?rst predetermined rate, and means 
for changing the rate of ?ow of air through said port after 
a predetermined time interval. 

5. The apparatus according to claim 4 wherein said 
?ow rate changing means operates in phased relation with 
said supply valve means. 

6. The apparatus according to claim 4 wherein said 
container is supported below said ?lling head means, 
whereby said material tends to fall toward the bottom of 
said container. 

7. The apparatus according to claim 5 wherein said 
?ow raie changing means include-s a valve in said passage 
means, said valve having a ?rst position and a second 
position, said valve ?rst position providing air ?ow at 
said ?rst predetermined rate and said valve second posi 
tion providing air flow at a rate lower than said ?rst pre 
determined rate, ?uid means for displacing said valve 
from one of said posiions to the other, and timer means 
for operating said ?uid means at predetermined time inter 
vals, whereby said valve is initially in said ?rst position 
and after a predetermined time interval is displaced to 
said second position, and after a second time interval is 
displaced back to said ?rst position. 

8. The apparatus according to claim 6, wherein said 
timer is operatively connected to said ?lling head valve 
means for coordinating opening and closing of said ?lling 
head valve means with said flow rate valve. 
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