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(54) Weighing fluidized powder 

(57) Fluidized powder is discharged 
from a fluidizing vessel 1 into a 
container 70. Accurate metering is 
achieved by opening and closing 
the valve 8 to discharge the powder 
in a series of short-duration periods 
until a predetermined weight is 
measured by a load cell 81. 

The duration of the discharge pe-
riod may be increased in inverse 

proportion to the amount of powder 
in the vessel 1. Preferably the con-
tainer 70 is weighed between the 
discharge periods to prevent fluctu-
ations 70 resulting from dynamic 
effects. 

The gas discharged into the con-
tainer causes the pressures in the 
vessel and container to equalize 
thereby decreasing the rate of dis-
charge and increasing the accuracy 
of metering as the weight reaches 
the predetermined value. 

The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Fluidized bed powder discharge and meter-
ing method and apparatus 

• 5 
This invention relates to metering devices for 
discharging predetermined amounts of pow-
der from a fluidized bed into containers. 

Homogeneity and enrichment blending of 
10 U02 powder is a major process step in the 

manufacturing of U02 pellets. The fluidized 
bed blender produces almost ideal blends by 
incorporating the mixing action of gas bubbles 
to produce a homogeneous powder mixture. 

15 However, fluidization of a powder bed is char-
acterized by the entire weight of the powder 
being suspended by the flow of gas rising 
through the bed. When fluidized powder is 
discharged from the bottom of such a fluid-

20 ized bed blender, the gas and powder have an 
extremely high flow rate because of a gravita-
tional pressure head created by the mass of 
fluidized material above the powder discharge 
outlet. A rapid flow of fluidizing gas from this 

25 outlet tends to destroy the homogeneous mix-
ture by collapsing the fluidization state of the 
powder. Also, a rapid flow rate of material 
from the outlet makes it difficult to accurately 
meter fluidized material into containers. 

30 It is generally necessary to limit the con-
tainer weights of U02 powder to a maximum 
of 35 kilograms to comply with nuclear safety 
and OSHA requirements. Testing has shown 
that the flow rates encountered in an unre-

35 stricted discharge from the bottom of a 500 
kilogram fluidized bed can be as high as 5 
kilograms per second through a typical 1.5 
inch ball valve. It is difficult to meter 30 to 
35 kilograms of powder into containers at this 

40 flow rate with any reasonable degree of accu-
racy, due to inertia forces of powder on the 
container and response time of valve closings. 

In addition, it has been demonstrated that 
the flow of gas and powder through a ball 

45 valve during the discharge sequence produces 
pressure force fluctuations on the container, 
which are difficult to correct for when making 
container weight measurements. If these fluc-
tuations are not compensated for, an apparent 

50 downward force is produced by the fluidizing 
gas. The downward force is a result of the gas 
pressure acting on the apparatus and con-
tainer construction. A circular cross-section is 
removed from the middle of the container lid 

55 to serve as the inlet for the powder with the 
result that the surface area of the remainder of 
the lid is less than the surface area of the 
container bottom. Since the gas exerts an 
equal pressure on all areas of the container 

60 interior this differential in surface area results 
in an apparent downward force on the con-
tainer. When the weight of the container and 
the powder contained therein is measured, 
this apparent downward force must be cor-

65 rected for, or the measured weight of the 

container will be inaccurate. 
The fluidizing action also causes the powder 

to become entrained in the fluidizing gas 
creating two additional problems. First, the 

70 powder which is suspended in the fluidizing 
gas must be separated and deposited in the 
bottom of the container, Second, the contain-
ers must exhaust a controlled amount of fluid-
izing gas and any residual powder in the form 

75 of dust suspended in the gas. This must be 
accomplished without significantly reducing 
the pressure in the container and without 
exhausting large amounts of powder and gas 
from which the powder must be extracted by 

80 filtering equipment to insure that the gas 
ultimately discharged into the atmosphere 
meets the very strict standards applied to the 
nuclear manufacturing establishments. 

A fluidized bed powder discharge and met-
85 ering method and apparatus is provided which 

is suitable for discharging predetermined 
weights of powder from a fluidized bed into 
pail-type containers. The purpose of the fluid-
ized bed is to blend different types of powder 

90 to achieve a homogeneous powder mixture. 
While fluidizing gas promotes the blending 
action it also supports the entire weight of the 
powder in the fluidized bed. This mass of 
fluidized powder creates a gravitational pres-

95 sure head over the bottom of the fluidized 
bed. The pressure head causes rapid pressure-
induced powder outflow making it difficult to 
accurately meter and measure the powder that 
is being discharged from the fluidized bed into 

100 the container. 
This invention minimizes pressure-induced 

powder outflow by substantially enclosing and 
pressurizing the entire system from the fluid-
ized bed to the interior of the container. This 

105 decreases the pressure drop across a ball 
valve outlet from the fluidized bed, thereby 
reducing the powder outflow during dis-
charge. To create the enclosed system, the 
ball valve outlet is connected to a pressure-

110 tight lid on the container by a hopper and a 
flexible sleeve thus forming one continuous 
pressurized vessel. The sleeve must be flexible 
so it can linearly deflect in a vertical direction 
while the container is being loaded, thereby 

115 mechanically isolating the structural forces on 
the upper part of the sleeve from the con-
tainer positioned on the weighing apparatus. 
The sleeve must be capable of deflecting 
upwardly an even greater distance when the 

120 lid is lifted off the container. While the sleeve 
is flexible it is also structurally reinforced to 
prevent the sleeve from distorting due to gas 
pressure forces. Distortion of the sleeve can 
cause angular misalignment of the sleeve 

125 which will exert vertical force components that 
can add to or subtract from the measured 
weight of the container. 

The container lid to which the sleeve is 
attached is provided with an off-gas hose 

130 sufficiently small in diameter to restrict the 
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free f low of gas thereby control l ing the con-
tainer pressure. Whi le it is controll ing the 
container pressure, the off-gas hose must ex-
haust a controlled f low of gas and a min imum 

5 of powder material. To accomplish this the 
off-gas hose is positioned on the lid so as to 
force the expanding fluidizing gas f lowing into 
the container to make a 1 8 0 degree change 
in direction to enter the hose. The powder 

10 carried by the gas has a greater mass and 
continues to fall whi le the gas changes direc-
t ion to f low up. This effectively separates 
substantially all of the powder f rom the gas. 
The remaining powder in the gas is pneumati-

15 cally transferred to an off-gas system as a 
consequence of the small size of the off-gas 
hose. 

The sequence of operations begins when 
the fluidizing gas is injected into the bed to 

2 0 begin mixing the powder. When a homogene-
ous mixture is achieved, the discharge of 
powder is commenced by rotating the ball of 
the ball valve to open the valve and allow 
discharge of powder f rom the fluidized bed 

25 into the container. Between the discharge 
periods, when the ball valve is closed, the 
homogeneity of the blended material remain-
ing in the fluidized bed is preserved by the 
injection of the blending gas through the 

3 0 closed ball valve. The gas f low is stopped 
dur ing each of the discharge openings to 
al low the free f low of fluidized material 
through the valve. When the ball valve is 
opened, it is controlled to open in short peri-

3 5 ods of a predetermined duration. The durat ion 
of each discharge period is varied by a con-
troller in inverse proportion to the amount of 
material remaining in the fluidized bed. This 
results in metering nearly equal amounts of 

4 0 powder in each discharge period. Approxi-
mately 10 discharges are required to f i l l one 
container w i th the desired weight of 3 1 . 5 
ki lograms of powder. 

A load cell, mounted below the container, 
4 5 electronically measures the container weight 

throughout the discharge sequence. However, 
the controller monitors the load cell measure-
ment only during the relatively quiescent t ime 
span between discharge periods whi le the 

5 0 valve is closed. This prevents the extremely 
large and rapid pressure f luctuations wh ich 
occur each t ime the ball valve opens and 
closes f rom affecting material weight measure-
ments. Also, the t ime of monitor ing is delayed 

5 5 by a specific period after each ball valve 
closing to allow the powder to settle and the 
pressure fluctuations to diminish. 

Addit ionally, an electric compensating cir-
cuit is provided which eliminates the weight 

6 0 measurement error that wou ld otherwise result 
f rom the effect of the f luidizing gas pressure 
on the different surface areas of the top and 
bottom of the container. The electric compen-
sating circuit produces an electrical signal 

6 5 corresponding to the actual material weight . 

W h e n the controller determines that the total 
desired weight of powder has been deposited 
in the container, the ball valve opening and 
closing sequence is terminated. 

7 0 During the t ime span after f i l l ing a con-
tainer and unti l just before the start of f i l l ing 
the next container, the homogeneity of the 
blended material remaining in the f luidized 
bed is preserved by suddenly terminat ing the 

7 5 f low of the f luidizing gas into the fluidized bed 
and removing the f luidizing gas already in the 
bed. This essentially " f reezes" the particles in 
place relative to each other, reducing the 
amount of gas used and reducing the amount 

8 0 of material carried over into the off-gas sys-
tem. 

In an alternate embodiment of this inven-
t ion, the f luidizing gas is discharged into an 
aperture in the ball valve at a right angle to 

8 5 the material f low when the ball valve is open. 
The gas f low through the valve creates a 
pinching effect which also works to effectively 
slow the material outf low. This pinching effect 
wou ld be employed to counteract the rapid 

9 0 pressure-induced outf low occurring when the 
f luidizing bed contains a large mass of pow-
der. 

In another alternate embodiment a con-
trolled restriction, such as a pinch valve, is 

9 5 placed in the off-gas hose. This restriction is 
operated so as to raise the gas pressure in the 
discharge and metering apparatus, thereby 
reducing the f low rate of material when re-
quired. 

1 0 0 The present invention wi l l be further de-
scribed, by way of example only, w i th refer-
ence to the accompanying drawings, in 
w h i c h : -

Figure 1 is a perspective v iew showing the 
1 0 5 fluidized bed powder discharge and metering 

apparatus of this invention; 
Figure 2 is an enlarged view, partly in 

section and partly broken away, showing a 
closed ball valve outlet f rom a f luidizing bed 

1 1 0 employed in the apparatus of this invention; 
Figure 3 is an enlarged v iew, part ly in 

section and partly broken away, showing the 
ball valve outlet in Fig. 2 after the ball has 
been rotated 90° to an open posit ion; 

115 Figure 4 is an enlarged sectional v iew 
showing a conduit assembly, container and 
container l id employed in the apparatus of th is 
invention; 

Figure 5 is a block diagram il lustrating 
1 2 0 schematically a container weight measuring 

system employed in the apparatus of this 
invent ion; 

Figure 6 is a graph showing the effect of 
f luidizing gas pressure on the container 

1 2 5 weight measuring system employed in the 
apparatus of this invention; and 

Figure 7 is a graph showing the output of 
the container weight measuring system. 

For greater ease of understanding the inven-
1 3 0 t ion, a summary description of the apparatus 
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will be first set forth. Thereafter, a detailed 
description of the individual components of 
the apparatus wil l be given, followed by a 
detailed description of the method of opera-

5 tion. 
Referring first to Fig. 1, it can be seen that 

the fluidized bed powder discharge and meter-
ing apparatus includes four major sections 
there illustrated, namely, a fluidizing bed or 

10 vessel 1, a valved outlet 10 from the fluidiz-
ing bed, a container 70 and a conduit assem-
bly 40 connecting the valve to the container. 
The apparatus further includes a fifth major 
section, namely, a container weight measuring 

15 system 80 which is shown in block diagram 
form in Fig. 5. 

The operations begin in the region of the 
fluidizing bed 1 shown in Fig. 1 and the 
valved outlet shown in Figs. 1, 2 and 3. A 

20 plurality of outlets and valves are provided to 
empty powder from the fluidized bed into a 
plurality of containers. While a plurality of 
valves and containers are employed in the 
specific embodiment of this invention dis-

25 closed in this application, the apparatus could 
also be constructed and operated with a single 
valved outlet into a single container. For sim-
plicity of description, only a single valved 
outlet and a single container are described, 

30 but it wil l be understood that the other outlets 
and containers are of identical construction. 

A valved fill chute 2 (shown in Fig. 1) is 
mounted on top of the fluidized bed to pro-
vide an inlet for U02 fuel powders. The pow-

35 der is introduced into the bed and blended by 
the fluidizing gas into a homogeneous mix-
ture. 

To initiate the blending operations, fluidiz-
ing gas is injected into the fluidizing bed from 

4 0 two sources. The first source is a nozzle 28 
shown in Fig. 2 which extends into the upper 
portion of the valved outlet 10. The second 
source of fluidizing gas is from the interior of 
a valve 8 positioned at the lower end of the 

45 valved outlet 10. The gases are injected from 
orifices 24 in the central cavity of the valve. 
The details of the construction of this valve 
are disclosed and claimed in German Offenle-
gungsschrift 2 824 374. 

50 A controller 90, shown in Fig. 4, is pro-
vided for controlling the opening and closing 
of the valve. To initiate the actual discharge of 
powder from the fluidized bed, after a homo-
geneous powder mixture has been achieved 

55 the controller produces an electrical signal to 
open the valve, and the discharge of fluidized 
powder begins. The controller is programmed 
to cause the valve to be open for only a brief 
period of time and then to cause the valve to 

60 again be closed. With this method of opera-
tion, the powder is discharged in short dura-
tion discharge periods. Several successive 
valve openings causing several successive dis-
charge periods are required to fill each con-

65 tainer. 

An apparatus is provided to monitor the 
container weight for the purpose of loading 
each container with a predetermined weight of 
powder. This apparatus includes the controller 

70 90 which continues the opening and closing 
of the valve 8, causing short duration dis-
charges until the container is loaded with the 
predetermined weight of powder. During dis-
charging, a load cell 81 produces an electrical 

75 signal representative in strength of the weight 
of the container and the powder deposited 
therein. A comparator 89 receives the load 
cell signal after the signal has been adjusted 
to compensate for fluidizing gas pressure 

80 forces on the container. The received signal is 
compared to a reference signal transmitted 
from a set point apparatus 85 corresponding 
to the desired weight of powder to be loaded 
into a container, and when the reference 

85 signal is equaled, the comparator signals the 
controller to discontinue opening the valve. 

A discharge from the valve empties into a 
pressurized hopper 4 2 shown in Figs. 1 and 
4. The hopper is provided for directing the 

90 f low from multiple valve outlets into a single 
container. An outlet tube 50 is provided to 
direct the powder f low from the hopper into 
the container. 

The apparatus which serves to create a 
95 substantially enclosed pressurized system to 

lower the pressure drop across the valve, and 
prevent fluidizing gas pressure in the bed 
from forcing powder through the valve at high 
flow rates, is shown in Figs. 1 and 4. The 

100 substantially enclosed system includes the 
vessel, valved outlet, conduit assembly and 
the container. The conduit assembly 4 0 is 
provided to form a pressure-tight path for the 
powder to f low through from the valve into 

105 the container. This prevents the fluidizing gas 
from escaping so that it is retained in the 
conduit assembly and the container after the 
gas has been discharged from the open valve. 
Retention of the gas causes the pressure to 

110 build in the region beyond the valve exit thus 
lowering the pressure differential across the 
valve. Therefore, the conduit assembly is an 
essential element in creating a substantially 
enclosed system for the purpose of lowering 

11 5 the powder flow rate. 

The container is covered with a container lid 
72 which, in turn, is provided wi th an off-gas 
hose 74 to exhaust gas from the container. 
The off-gas hose is positioned on the con-

120 tainer lid such that material entering the con-
tainer through the conduit assembly 4 0 must 
make a 180 degree change in direction in 
order to enter the off-gas hose. Since the 
powder has a greater mass and inertia than 

125 the gas, the powder tends to continue to f low 
down while the gas changes direction to flow 
up and exit the container. This separates 
substantially all of the powder from the gas 
leaving the powder to collect in the bottom of 

130 the container. 
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After a container is filled with a predeter-
mined weight of powder, the filled container 
is removed and replaced by an empty con-
tainer. The discharge sequence is resumed, 

5 and the process is continuously repeated until 
all of the powder originally introduced into the 
bed has been discharged into containers. 

Individual components of the fluidized bed 
powder discharge and metering apparatus 

10 summarized briefly above, will now be dis-
cussed in greater detail. 

Referring to Fig. 1, the fluidizing bed 1 of 
this apparatus is a vessel in which a variety of 
different types and sizes of particulate matter 

15 or powder are blended together into a homo-
geneous mixture. The fluidizing bed structure 
itself is not part of the subject invention, and 
any suitable type may be employed. There-
fore, this portion of the apparatus is not 

20 described in detail. One suitable form of fluid-
izing bed is disclosed in the previously men-
tioned German Offenlegungsschrift 
2 8 2 4 3 7 4 . 

The fluidizing bed is provided with a valved 
25 fill chute 2 through which the various pow-

ders are introduced. In the present embodi-
ment, the bed is initially filled with approxi-
mately 500 kilograms of powder. After a 
sufficient amount of powder has been intro-

30 duced the fill chute valve is closed. Below the 
fill chute the fluidizing bed is a vertically 
oriented, slab-shaped, nuclear-safe, mixing 
vessel having a plurality of fluidizing gas 
outlets disposed at the bottom of the vessel. 

35 The structures which provide fluidizing gas 
include a linear array of valved outlets 10 
each having walls converting into a conical-
shaped opening 11, and each outlet contains 
a nozzle 28 (shown in Fig. 2) for the purpose 

40 of injecting fluidized gas into the fluidizing 
bed. 

A plurality of valved outlets are necessary in 
a large fluidizing bed such as the bed in the 
current embodiment, in order to maintain a 

45 fluidized state and homogeneous mixture of 
the powder during discharge. However, if the 
fluidizing bed is substantially reduced in size, 
this invention will operate in a satisfactory 
manner if the bottom of the fluidized bed 

50 comprises a single valved outlet emptying into 
a single container. For each of understanding, 
the apparatus will be described in terms of the 
fluidizing bed emptying into a single con-
tainer. It wil l be understood that the structure 

55 of emptying into each of the other containers, 
where multiple containers are employed, is 
essentially the same as that described herein 
for one container. 

The fluidizing bed blends powder particles 
60 by the action of bubbles of fluidizing gas 

rising from the bottom of the fluidizing bed. 
The gas interacts with the particles to eventu-
ally bring the powder mass in the bed to a 
fluidized state, in which the powder is sus-

65 pended by fluidizing gas. Once the powders 

are sufficiently mixed to achieve a homogene-
ous mixture, the powder is ready for discharge 
from the bed through the valved outlets 10. 

As shown in Figs. 1, 2 and 3, the valves 8 
70 are mounted in the lower region of the valved 

outlets 10. The valve employed in this em-
bodiment is a 1.5 inch diameter ball valve. 
The size of the ball valve has been experimen-
tally determined to be the minimum diameter 

75 required to prevent U0 2 powder from bridging 
and blocking powder flow when the last por-
tion of the U0 2 powder in the fluidized bed is 
discharged. Since smaller ball valves are sub-
ject to this problem of the powder bridging 

80 and blocking flow, they cannot be employed 
in a fluidized bed discharge apparatus to 
lower U0 2 powder flow rates. 

The valve employed in the embodiment 
comprises a ball valve body 14 and an inter-

85 nally mounted rotating ball 20. The ball is 
held in position by seals 16 which maintain 
sealing contact with the ball while still permit-
ting the ball to rotate. The structure of the ball 
20 includes a larger aperture 26 extending 

90 completely through the interior of the ball. 
Additionally, smaller diameter apertures 22 
extend from the large aperture to the surface 
of the ball at various angles to the large 
aperture. The smaller apertures extend to the 

95 plurality of orifices 24 arranged in a circle 
about the surface of the ball. 

The smaller aperture 22, the orifices 24 
and the large apertures 26 accomplish several 
functions in the operation of the ball valve. 

100 First, when the ball 20 is oriented in a.closed 
position as it is shown in Fig. 2, the large 
aperture extends horizontally and the dis-
charge of powder from the fluidizing bed is 
blocked. However, exactly the reverse is true 

105 of the smaller apertures 22. Therefore, in this 
position of the valve, gas is injected from line 
34 into the valve body 14, into the large 
aperture 26, through the smaller apertures 
22, and out the orifices 24 into the fluidizing 

110 bed. In this way fluidizing gas is introduced 
into the fluidizing bed to maintain blending 
conditions. The apparatus to accomplish this 
function before the discharge sequence begins 
is both described and claimed in the previ-

115 ously mentioned German Offenlegungsschrift 
2 8 2 4 374. The published German application 
does not, however, describe or claim the 
method of injecting the fluidizing gas from the 
ball valve during the discharge sequence be-

120 tween discharge periods. 
The large aperture 26 of the valve also 

functions to discharge powder from the fluid-
izing bed.The valve construction allows rota-
tion of the ball from the position shown in 

125 Fig. 2 through a 90 degree angle to the 
position shown in Fig. 3 so as to bring the 
large aperture into a vertical position in com-
munication with both the opening 11 and an 
exit region 18 from the ball valve. In this 

130 open position, the large aperture provides for 
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discharge of powder from the fluidizing bed. 
Additionally, while the ball is in this position, 
the smaller apertures 22 now provide commu-
nication for the continued flow of fluidizing 

5 gas from the gas injection line 34 to the 
interior of the ball valve body 14, through the 
orifices 24, the apertures 22 and inwardly to 
the large aperture 26. Since the gas enters 
the large aperture at a right angle to the 

10 material flow, it restricts the flow path of the 
powder through the aperture 26, and thus 
further reduces the amount of powder flowing 
therethrough in a given period of time. This 
further contributes to the accurate control of 

15 the amount of powder supplied to the con-
tainer. 

Referring back to Fig. 1, the conduit assem-
bly 40 provides a pressure-tight passageway 
for the powder to flow through. The elements 

20 of the conduit assembly include the hopper 
42 which is positioned below the valve and 
serves to consolidate the powder flow from 
multiple valves for direction into a single 
container. The remainder of the conduit as-

25 sembly 40, shown in Fig. 4, comprises a 
flexible sleeve 41, the outlet tube 50 and a 
larger diameter upwardly extending inlet 52, 
all of which are provided to direct the powder 
flow from the hopper into the container. The 

30 flexible sleeve 41 is reinforced with metal 
rings 43 to prevent the sleeve from distorting 
due to pressure forces during valve openings. 
Distortion of the sleeve would create physical 
forces on the container which would affect 

35 container weight measurements. A hopper 
flange 44 is positioned at the bottom of the 
hopper. The flange serves to locate the upper 
edge of the flexible sleeve 41 which is at-
tached with a clamp 46 to the outlet tube 50 

40 directly below and abutting the hopper flange. 
The lower edge of the flexible sleeve is at-
tached to the upwardly extending inlet 52 
with a second clamp 48. 

The container 70 in this embodiment is a 
45 round five-gallon pail with an open top. The 

container rolls on a conveyor under a lid 72 
which is then clamped down by pneumatic 
cylinders 78. The upwardly extending inlet 52 
extends from the center of the lid. The off-gas 

50 hose 74 also extends from the lid and is 
provided for pressure control of the container. 
In an alternative embodiment an adjustable 
valve 76 is mounted in the off-gas hose to 
control the exhaust of gas from the container. 

55 The off-gas hose is positioned such that the 
material entering the container through the 
inlet tube 50 must make a 180 degree 
change in direction in order to enter the off-
gas hose 74. Since the powder has a greater 

60 mass and inertia than the gas, the powder has 
a greater tendency to continue to flow in the 
same direction while the gas changes its di-
rection of flow. This effectively separates the 
powder from the gas, leaving the powder to 

65 settle on the bottom of the container. This 

also minimizes the entrainment of residual 
powder in the off-gas, which must be ex-
tracted by filtering equipment, to insure that 
the gas ultimately discharged into the atmo-

70 sphere meets the very stick standards applied 
to nuclear manufacturing establishments. The 
size of the off-gas hose is sufficiently small so 
as to restrict the gas flow from the container 
thereby raising the container pressure so as to 

75 lower the powder discharge rate. Also, the 
adjustable valve 76 on the off-gas hose can 
be adjusted to vary the gas pressure in the 
container and in the conduit assembly 40. 
Thus, the adjustable valve on the off-gas hose 

80 provides a further control on powder dis-
charge rates. 

A roller conveyor 82 (shown in Fig. 1) is 
positioned beneath the fluidizing bed for 
transferring containers into a position for ioad-

'85 ing and out from under the fluidizing bed 
after loading has been completed. 

The load cell 81 is mounted beneath the 
conveyor for the purpose of measuring the 
weight of the container and the powder there-

90 in. The conveyor is constructed in sections, 
and the load cell is connected to a conveyor 
section 84 so as to directly measure the 
deflection of that section due to the weight of 
the container 70 and the powder therein. 

95 The container weight measuring system 80 
(shown as a block diagram in Fig. 5) is 
provided with apparatus for the purpose of 
compensating for pressure forces exerted on 
the container by the fluidizing gas. Fluidizing 

100 gas pressure exerts a resultant, net downward 
force on the container because of the differ-
ence in surface areas between the top and 
bottom of the container. A circular cross-
section is removed from the middle of the 

105 container lid to serve as the inlet 52 for the 
powder. The remaining section of the lid, 
therefore, has a lesser surface area than the 
bottom of the container. The fluidizing gas 
pressure, which acts equally in all directions, 

110 exerts a greater force on the container bottom 
than on the container lid. This creates a 
resultant, net downward force on the con-
tainer. A graph which plots the effect of 
fluidizing gas pressure on the measured con-

11 5 tainer weight is shown in Fig. 6. The ordinate 
of the graph corresponds to the load cell 
measurement of container weight, and the 
abscissa corresponds to the gas pressure in-
side the container. The plotted values clearly 

120 illustrate that increasing the gas pressure in-
side the container increases the load cell mea-
surement of container weight. 

To correct for this net, downward force, a 
pressure transducer 86 and a subtracter 88, 

125 both shown in Fig. 5, are provided to modify 
the electrical signal produced by the load cell 
81. The pressure transducer 86 can be lo-
cated in any position which permits the con-
tainer pressure to be measured. In the particu-

130 lar embodiment of the invention the pressure 
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transducer is connected with an instrument 
line 79 to the off-gas hose 74 directly adja-
cent the container. A purge rotometer 77 
causes a small flow of gas to prevent any 

5 blocking of the instrument line 79 by any 
influx of entrained powder from the off-gas 
hose 74 which might otherwise block the 
instrument line 79. The rotometer employed 
in the current embodiment of this invention is 

10 a commercially available model # 2 2 - E 
113SSXX made by Wallace and Tiernam. The 
transducer produces an electrical signal pro-
portional to the gas pressure in the container, 
and this signal is transmitted to the subtracter 

15 88. In the subtracter the pressure transducer 
signal is multiplied by an experimentally deter-
mined constant and the resultant signal is 
subtracted from the load cell electrical signal 
to produce an electrical output signal repre-

20 sentative of the actual weight of the container 
and the powder therein. 

Also shown in Fig. 5, is the apparatus for 
controlling the opening and closing of the 
valve 8 to fill the container with a predeter-

25 mined weight of powder. The objective of this 
apparatus is to produce filled containers con-
taining an amount of powder as close as 
possible to the predetermined amount. The 
apparatus includes a controller 90 for produc-

30 ing valve opening and closing signals at timed 
intervals. The opening signal, for example, is 
transmitted to a solenoid-operated air valve 
92. The signal actuates the air valve to supply 
air through a line 94 to a pneumatic actuator 

35 96. When the air valve is opened, and the air 
pressure is received, the pneumatic actuator 
rotates the ball 20 to its open position to 
provide discharge of powder from the fluidiz-
ing bed to the container for a predetermined 

40 period. The length of this period is pro-
grammed into the controller. 

The controller in this embodiment may be 
of any suitable type. In a specific embodiment 
of the invention, the controller is a General 

45 Electric Logitrol Model No. CR455 that is 
commercially avilable and well known to those 
skilled in the art, with the comparator and 
pressure correction electronics being commer-
cially available analog modules. The preferred 

50 controller is a microprocessor which would be 
capable of being programmed to accomplish 
container weight control with increased accu-
racy. One microprocessor suitable for this pur-
pose is INTEL microprocessor, Model 

55 8 0 / 1 0 - 4 sold by INTEL Corp. A microproces-
sor is preferable to a logitrol because a micro-
processor can directly monitor the load cell 
and pressure transducer outputs, and can per-
form the weight correction and comparator 

60 function using high speed floating point hard-
ware. 

Since most of the force causing the pow-
ders to flow from the vessel 1 to the container 
70 is due to the gravitational pressure head of 

65 the fluidized material in the vessel, the flow is 

greatest per unit of time when the vessel is 
full and decreases as the amount of powder in 
the vessel decreases. In order to compensate 
for this condition and provide for discharge of 

70 a substantially constant amount of powder 
during each discharge period, the controller is 
programmed to open the valve for timed dis-
charge periods that increase in length of time 
as the amount of powder remaining in the 

75 fluidized bed diminishes. This length of t ime 
varies from approximately 3 / 4 of a second 
when the fluidizing bed is completely filled 
with powder to approximately 2 seconds 
when the fluidizing bed is approaching empty. 

80 During each discharge period, approximately 
3 kilograms or less of powder flow through 
the valve. Since the desired container weight 
is 31.5 kilograms, approximately 10 dis-
charge periods are required to fill each con-

85 tainer. 
The comparator 89 is provided for signal-

ling the controller when the comparator re-
ceives an electrical signal from the subtracter 
88 indicating that the container has been 

90 filled with the desired amount of powder. The 
comparator receives the output signal directly 
from subtracter and compares the electrical 
strength of the signal received with a refer-
ence signal representative of the predeter-

95 mined desired weight of powder. The refer-
ence signal is provided by the set point appa-
ratus 85. When the subtracter signal received 
by the comparator equal the reference signal, 
the comparator signals the controller. The 

100 controller is programmed to close the valve 8 
after it receives this signal from the compara-
tor. At this point the container has been filled, 
and the controller is programmed to keep the 
valve closed until the filled container has been 

105 replaced with an empty container. 
Operation of the apparatus begins when the 

fluidizing bed 1 is filled through the valved fill 
chute 2 with the various types of powders to 
be mixed. The valve on the fill chute is 

110 closed, and the mixing process is initiated by 
injecting fluidizing gas into the fluidizing bed 
from both the nozzle 28 and the orifices 24 in 
the ball valve. Injection of gas is continued 
until the powders are mixed to a homogene-

115 ous state. In the specific embodiment of this 
invention, 500 kilograms of powder are initial-
ly introduced into the fluidizing bed and com-
plete mixing requires approximately 5 minutes , 
of gas injection. During this period an empty 

120 container is transferred into a loading position 
beneath the fluidizing bed. 

After the blending has been completed and 
a homogeneous mixture is achieved, the dis-
charge sequence is initiated by the controller 

125 90 which produces a signal to open the valve. 
When the valve is opened, powder and fluidiz-
ing gas initially flow at a rapid rate through 
the valve due to the pressure differential 
across the valve. As fluidizing gas continues 

130 to flow through the valve, it is retained in the 
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conduit assembly 40 and the container 70, 
because of the closed substantially pressure-
tight system formed by the vessel 1, the 
conduit assembly 40, and the container 70. 

- 5 As the gas accumulates in the conduit assem-
bly and the container, the pressure differential 
across the valve diminishes. This equalizing of 
pressure occurs quite rapidly as the total vol-
ume of the conduit assembly and the con-

10 tainer is substantially less than the total vol-
ume of the fluidizing bed. As the pressure 
differential diminishes, the flow rate decreases 
accordingly. 

When the flow rate drops, the apparatus 
15 can more accurately fill the container with the 

desired amount of powder. The reason for this 
improvement in accuracy stems from the fact 
that the ball valve used to discharge powder 
has a minimum response time to actuate. This 

20 response time places a lower limit on the 
shortest possible discharge period, namely, 
the time required to open and immediately 
close the ball valve. The ultimate accuracy of 
the discharge system is dependent on the 

25 amount of powder which flows through the 
ball valve during this shortest possible dis-
charge period. Since the quantity of material 
flowing through the valve for a fixed dis-
charge period is directly proportional to the 

30 powder flow rate, reducing the flow rate will 
improve the accuracy of the discharge and 
metering apparatus. In addition, the previ-
ously described techniques of adjusting the 
valve 76 on the off-gas hose or of injecting 

35 fluidizing gas into the ball valve at a right 
angle to powder outflow could also be em-
ployed to variably control the flow rate as a 
container fills. 

The controller is programmed to keep the 
40 valve open for a powder discharge period 

varying from three-quarters of a second to 2 
seconds so as to discharge approximately 3 
kilograms of powder in each discharge period. 
After each discharge period the controller 

45 closes the valve. 
After closing the valve, the controller is 

programmed to wait a specific time period 
before re-opening the valve. During this down 
period the weight of the container is mea-

50 sured by the load cell 81, and a signal 
representative of the weight of the container is 
transmitted to the comparator 89. As stated 
earlier, when the comparator receives a signal 
equal to the reference signal, the comparator 

55 signals the controller that the container has 
reached the desired weight. However, rapid 
fluctuations of gas pressure in the apparatus 
are caused by the opening and closing of the 
valve. This causes a problem because these 

60 fluctuations create net downward forces on 
the container which affect the container 
weight measurement causing the comparator 
to inaccurately signal the controller that the 
container is loaded with the desired amount of 

65 powder. The effect of the pressure fluctuations 

on container weight measurement is graphi-
cally illustrated in Fig. 7. The abscissa in Fig. 
7 is a time coordinate, and the ordinate 
corresponds to electrical signal strength. The 

70 lower output line 120 in the graph is the 
electrical signal produced by the load cell 
apparatus 81, the middle output line 122 is 
the signal produced by the pressure transduc-
er 86, and the upper output line 124 is the 

75 corrected weight signal produced by the sub-
tractor 88 which is transmitted to the compar-
ator 89. The large upwardly extending projec-
tions 100 in the output lines represent those 
periods during which the valve is opened and 

80 closed. In the relatively quiescent periods 105 
between projections, the ball valve is closed. 
In order to avoid the effect of fluctuations on 
container weight measurement performance, 
the controller monitors the comparator signal 

85 only during a window period indicated by the 
superimposed lines 110 on the graph. 

In order to further eliminate any effect of 
these fluctuations on the accuracy of the oper-
ation of the weight measuring system, the 

90 controller is further programmed to delay the 
window period 1 1 0 a short time after the 
valve has closed so that this window period 
occurs during a relatively quiescent period. 

While this above-stated process minimizes 
95 the effect of the major fluctuations on the 

container weight measurement apparatus, it 
can readily be seen that even during the 
window periods 110, electrical signals fluctu-
ate, albeit less than when the ball valve is 

100 opened. When the container weight approach-
es a point when it has been loaded with the 
desired amount of powder, the smaller fluctu-
ations in the corrected weight signal from the 
subtractor 88 equal the reference signal and 

105 begin to cause the comparator 89 to itermit-
tently produce a signal to the controller. The 
apparatus also compensates for these smaller 
fluctuations, and this is accomplished by the 
controller programming. The controller is pro-

110 grammed to determine during what percent of 
the window period it is receiving a signal from 
the comparator. When this percent of the 
window period attains a certain experimentally 
determined value, the controller is pro-

115 grammed to close the valve and terminate the 
discharge sequence. If the comparator does 
not signal the controller for a sufficient per-
cent of the window period 110, then the 
controller continues the discharge sequence 

120 and opens and closes the ball valve as previ-
ously described. 

When the controller discontinues the dis-
charge sequence, the fluidizing gas injection 
is discontinued and the fluidizing gas remain-

125 ing in the bed is rapidly removed so as to 
"freeze" the particles in place and maintain a 
homogeneous mixture. The gas in the con-
tainer is exhausted through the off-gas hose 
until the container pressure reaches atmo-

130 spheric pressure. The lid is raised by pneuma-
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tic cylinders 78 and the container is trans-
ferred away from the fluidizing bed on the 
conveyor 82 and replaced with an empty 
container. Before the sequence of alternately 

5 opening and closing the valve is resumed to 
fill the new container, the fluidizing gas is re-
injected into the fluidizing bed. 

After the fluidizing gas is re-injected, the 
discharge sequence is repeated for the new 

10 container. The procedure is identical to that 
procedure previously described, with the ex-
ception that the duration of the discharge 
periods, when the ball valve is open, are 
increased in accordance with the program-

15 ming of the controller. With this method, 
approximately the same amount of powder is 
discharged to the ball valve in each discharge 
period, thus improving the accuracy of the 
metering procedure. With this method, ap-

20 proximately 10 discharge periods are required 
to fill each container from that point when the 
fluidizing bed is completely filled with powder 
to that point when the fluidizing bed is virtu-
ally empty. Finally, when the powder in the 

25 fluidizing bed is completely discharged, the 
injection of fluidizing gas is terminated, the 
fluidizing gas is exhausted from the bed and 
the various types of powders are again intro-
duced to the fill chute 2. The entire procedure 

30 as hereinbefore described is repeated. 

CLAIMS 
1. A method of discharging and metering 

powder from a fluidizing vessel into a materi-
35 al-receiving container comprising the steps of: 

(a) alternately opening and closing a valve 
mounted below said fluidizing vessel to cause 
discharge of powder and gas from said vessel 
in short duration discharge periods; 

40 (b) increasing the duration of said dis-
charges in inverse proportion to the amount of 
powder remaining in said fluidizing vessel 
whereby substantially equal amounts of pow-
der are discharged in each discharge period; 

45 (c) weighing the container and powder 
therein; and 

(d) terminating the discharge of powder 
from the fluidizing vessel when the weight of 
the container and powder therein reaches a 

BO predetermined amount. 
2. The method recited in claim 1, and 

further including the steps of: 
(a) weighing the container and powder 

therein only during the periods between dis-
55 charges when said valve is closed; and 

(b) delaying said weighing a predetermined 
time period after said valve is closed to elimi-
nate the effect on the indicated weight of the 
container and powder therein, caused by pres-

60 sure fluctuations resulting from opening and 
closing said valve. 

3. The method recited in claims 1 or 2, 
and further including the step of injecting 
fluidizing gas into said valve at a right angle 

65 to powder flow, said fluidizing gas restricting 

the flow path of powder from the fluidizing 
vessel through said valve to reduce the rate of 
flow of powder. 

4. A method of discharging and metering 
70 powder from a fluidizing vessel into a materi-

al-receiving container comprising the steps of: 
(a) alternately opening and closing a valve 

mounted below said fluidizing vessel to cause 
discharge of powder and gas from said vessel 

75 in short duration discharge periods; 
(b) retaining substantially all of the dis-

charged gas in the container to cause the 
pressure in the fluidizing vessel and the con-
tainer to equalize, thereby decreasing the rate 

8 0 of discharge of powder and gas through said 
valve; 

(c) weighing the container and the powder 
therein; and 

(d) terminating the discharge of powder 
85 from said fluidizing vessel when the weight of 

the container and powder therein reaches a 
predetermined amount. 

5. The method as recited in claim 4, and 
further including the steps of: 

90 (a) suddenly removing the fluidizing gas 
from the fluidizing bed after a container has 
been filled with a predetermined weight of 
powder; and 

(b) suddenly re-injecting the fluidizing gas 
95 before the initiation of the sequence of alter-

nately opening and closing the valve to fill 
another container. 

6. An apparatus to discharge and meter 
powder from a fluidizing vessel into a con-

100 tainer positioned below the vessel comprising: 
(a) a valve mounted below said vessel to 

control the discharge of powder from said 
vessel; 

(b) a conduit assembly disposed between 
105 said valve and said container; 

(c) said vessel, valve, conduit assembly and 
container forming a substantially pressure-
tight system for minimizing pressure differen-
tial across said valve caused by fluidizing gas; 

110 (d) means to alternately open and close said 
valve to cause short duration discharges of 
powder; 

(e) means to measure the weight of powder 
discharged into said container; and 

115 (f) means to discontinue opening of said 
valve when a predetermined weight of powder 
has been discharged into said container. 

7. The apparatus as recited in claim 6, 
wherein said means for measuring the weight 

120 of powder discharged into said container com-
prises a load cell upon which said container is 
supported, said load cell developing a first 
signal representative of the weight of said 
container and the powder therein. 

125 8. The apparatus as recited in claim 7, 
wherein said means for discontinuing opening 
of said valve includes: 

(a) a comparator having a first input termi-
nal for receiving said first signal; 

130 (b) means for developing a reference signal 
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representative of a predetermined desired 
weight of said container and the powder 
therein; 

(c) said comparator having a second input 
* 5 terminal for receiving said reference signal; 

and 
(d) said comparator transmitting an output 

signal for discontinuing opening of said valve 
when said first signal equals said reference 

10 signal. 
9. The apparatus recited in claims 6, 7 or 

8, and further including means for compen-
sating for the effects of fluidizing gas pressure 
on the container, said compensating means 

15 comprising: 
(a) a pressure transducer responsive to the 

pressure in said container to produce a second 
signal representative of the gas pressure on 
said container; and 

20 (b) a subtracter receiving said first signal 
and said second signal and, producing at its 
output, a third signal representative of the 
actual weight of the container and the powder 
discharged therein. 

25 10. The apparatus recited in claims 6 - 9 , 
wherein said conduit assembly comprises: 

(a) an inlet extending upwardly from said 
container; 

(b) an outlet tube extending downwardly 
30 from said valve and being received in said 

upwardly extending inlet; and 
(c) a sleeve surrounding said outlet tube 

and said inlet, said sleeve being clamped to 
said outlet tube and said inlet at its upper and 

35 lower ends, respectively, to provide a substan-
tially pressure-tight connection, said sleeve 
being constructed of a flexible, reinforced ma-
terial to prevent said sleeve from distorting 
with angular misalignment and affecting 

40 weight measurements. 
11. The apparatus recited in claims 6 - 1 0 , 

and further including: 
(a) a lid on said container; and 
(b) an off-gas hose extending upwardly from 

45 said lid, said off-gas hose oriented in relation 
to said conduit to force the gas discharged 
from said conduit assembly to reverse direc-
tion and flow upwardly in order to enter said 
off-gas hose, thereby utilizing inertial forces to 

50 cause separation of powder from said gas, 
and said off-gas hose being sufficiently small 
in size so as to restrict the gas flow from the 
container, thereby raising the container pres-
sure. 

55 12. The apparatus recited in claim 11, 
and further including an adjustable valve in 
said off-gas hose to further raise the container 
pressure and further restrict the off-gas flow. 

13. The apparatus recited in claims 6 - 1 2 , 
60 wherein said valve includes: 

(a) a valve body; 
(b) a ball-shaped closure member rotatably 

mounted in said valve body; 
(c) a large aperture through said closure 

65 member arranged to provide, in the open 

position of said valve, a flow path for powder 
from said vessel to said container; 

(d) a plurality of small apertures providing 
communication between said large aperture 

70 and the surface of said ball-shaped closure 
member; 

(e) means for supplying fluidizing gas to 
said valve body; 

(f) said small apertures, in the closed posi-
75 tion of said valve, receiving fluidizing gas 

from said large aperture and directing said 
gas upwardly into said vessel; and 

(g) said small apertures, in the open posi-
tion of said valve, receiving fluidizing gas and 

80 directing said gas into said large aperture at a 
right angle to the flow of powder therethrough 
for restricting said flow path to reduce the rate 
of powder discharge through said large aper-
ture. 

85 14. A method as claimed in claim 1 sub-
stantially as hereinbefore described in the ac-
companying drawings. 

15. Powder when discharged and metered 
by a method as claimed in any one of claims 

90 1 to 5 and 14. 
16. Apparatus as claimed in claim 6 sub-

stantially as hereinbefore described in the ac-
companying drawings. 

1 7. Powder when discharged and metered 
95 by apparatus as claimed in any one of claims 

6 to 1 3 and 16. 
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