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[57] ABSTRACT 

Granular, material is fed to a mixing drum, and a plu 
rality of controllable nozzles are aligned with the in 
terior of the mixing drum for selectively introducing 
water into the mixing drum. A control circuit is're 
sponsive to at least one of the power input and the 
driving torque of the drive means for the mixing drum, 
to control a main control valve: which controls the 
total quantity of water per unit time delivered into the 
interior of the mixing drum. The control circuit may 
also be responsive to the temperature of the granular 
material fed to the mixing drum for further control of 
the main control valve. A pressure control device is 
provided between the main control valve and the noz 
zles to maintain the water pressure between predeter 
mined boundary values so that water is delivered to 
said drum with an approximately constant droplet size. 

16 Claims, 2 Drawing Figures 
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. APPARATUS'AND METHOD FOR CONTROLLING 
MOISTURE CONTENT OF GRANULAR 

MATERIALS 

This is a Continuation-In-Part of US. application 
Ser. ‘No. 861,874, ?led Sept. 29, 1969 now abandoned. 

Techniques for the determination of the moisture 
content of molding sand are already well known to the 
art. Such known techniques generally rely upon the co 
hesion of the loose sand prior to compaction, such as, 
for instance, the sievability or the angle of repose of the 
sand layer. However, these techniques only determine 
several thousands of the entire sand volume and are un 
suitable for inhomogenous sand, especially fill or ?oor 
sand. 
Other known techniques or methods for measuring 

the moisture of molding sand rely upon, for instance, 
the electrical conductivity, the dielectric constant, the 
microwave absorption, the absorption of B-radiation, 
the braking of high velocity neutrons, or nuclear- 
resonance absorption. This group of techniques possess 
the drawback that the measured value ‘is not only de 
pendent upon the moisture content, rather, also is in 
?uenced to a considerable extent by the degree of com 
paction, or the chemically or electrically active constit 
uents which, as a general rule, are present in addition 
to water. Moreover, in this connection, it should be un 
derstood that there is only ascertained the instanta 
neous moisture content at the measurement location, 
and it is not possible to ascertain by these techniques, 
the average moisture content of so-called floor or ?ll 
ing sand. 

It is also known that for mixing sand in a drum differ~ 
ent power requirements are necessary in accordance 
with the moisture content of the sand, because dry sand 
and wet sand have different mixing resistances. The 
greater the resistance the greater amount of power or 
driving torque is needed to rotate the mixing drum for 
a given quantity of sand. However, it was found that 
this method is not suited for practical use because there 
cannot be obtained a water infeed having a constant 
size of water droplets. That‘is, depending on the quan 
tity of infed water there is either an atomization or a jet 
formation of the water. During atomization of the wa 
ter, the sand adheres to the drum so that any effective 
admixing of the sand is discontinued. The same effect 
also exists when there is a formation of a jet of water, 
resulting in a very irregular moistening of the sand 
which then can only be worked into a uniform mixture 
with extreme difficulty. 
The main object of the present invention is to provide 

an apparatus for controlling the moisture content of 
granular materials which allows a quick and regular 
moistening of the granular material. 

SUMMARY OF THE INVENTION 

According to the present invention, an apparatus for 
controlling the moisture content of granular material 
such as molding sand, comprises a mixing drum for pro— 
cessing the granular material, means arranged to feed 
granular material to the drum, a plurality of controlla 
ble nozzle means aligned with the interior of said mix 
ing drum for introducing water into said mixing drum, 
drive means for driving said mixing drum, a main con 
trol valve for controlling the total quantity of water per 
unit time delivered into the interior of said mixing 
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drum, which main control valve is controlled by a con 
trol circuit having electrical measurement means for 
the measurement of the power input or the driving 
torque of said drive means for said mixing drum, the 
feed of water to the mixing drum being controlled as a 
function of said power input or driving torque, and a 
pressure control device arranged between the main 
control valve and the nozzle means and operable for 
measuring the water pressure in front of the nozzle 
means and for maintaining it between predetermined 
boundary values, whereby upon the water pressureex 
eeeding the predetermined maximum value a nozzle 
means is switched in and upon the water pressure drop 
ping below the predetermined minimum value a nozzle 
means is switched out. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically illustrates a‘ preferred embodi 
ment of appratus of the invention for controlling the 
moisture content of granular materials such as molding 

' sands; and 
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FIG. 2 shows the states of the water flow valves as a 
function of the states of the level switches. 

DETAILED DESCRIPTION OF PREFERRED 
' EMBODIMENTS 

Referring now to FIG. 1 of the drawings, it will be 
recognized that the exemplary embodiment of inven 
tive apparatus, depicted therein is equipped with three 
nozzle means or nozzle groups 2, 3 and 4, directed 
towards the interior of a mixing drum 1 and serving for 
the introduction of water into the mixing drum 1. A 
mixing drum suitable in this respect is described in de 
tail in U.S. Pat. No. 3,277,540. ’ 
A riser conduit 6 is arranged between the nozzles or 

nozzle groups 2, 3 and 4, and a primary or main control 
valve 5 serving for the control or regulation of the total 
quantity of water delivered into the drum interior. 
Riser conduit 6 is equipped with an upper level switch 
7 and a lower level switch 8. These level switches 7 and 
8 are operably connected through a suitable incremen 
tal or stepped control device 9 with'the valve means l0, 
l1 and 12 provided for the individual nozzle groups 2, 
3 and 4, ‘respectively, so that when the water level in 
the riser conduit 6 reaches the level switch means 7, 
one nozzle group 2, 3 and 4 is switched in and when the ’ 
water level in the riser 6 reaches the level switch means 
8 a nozzle group 4, 3, or 2 is switched out. This is par 
ticularly important inasmuch as the size of the water 
droplets sprayed into the interior of the mixing drum 
also remains practically constant even with variable 
total water quantity per unit time, because the water 
pressure in the riser conduit 6 varies only between two 
levels indicated by the‘ switches 7' and 8 and remains 
relatively small. Riser conduit 6, switches 7 and 8, and 
control device 9 together with valves 10, 11 and 12 
form a pressure control device operative to keep the 
inlet pressure of the nozzle groups 2, 3 or 4 approxi 
mately constant between the boundary levels defined 
by the switches 7 and 8. For example, the riser conduit 
6 contains a 3 to 4 meter water column. Within these 
limits the water is delivered to the mixing drum in the 
desired form of droplets even if the water quantity is 
variable. FIG. 2 shows the states of values 10, 11 and 
12 as a function of the states of switches 7 and 8. 
Water under constant pressure is delivered to the 

main control valve 5 and the quantity of water is con 
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trolled by a control circuit. The temperature of the 
granular material (such as sand) delivered by delivery 
conveyor 13 to the drum 1 is measured by a thermo 
element 14 arranged at the feed path of the delivery 
conveyor 13, which is aligned with the interior of the 
mixing drum 1. The temperature signal developed by 
the thermo-element 14 is transformed by a transducer 
15 to a proportional signal which is introduced into a 
regulator device 16 of the control circuit. The trans 
ducer l5 converts the signal from thermo~element 14 
into an electrical signal suitable for use in the regulator 
device 16. The addition of water into the mixing drum 
is also controlled in such a way that the power input or 
the driving torque of the mixing drum drive corre 
sponds to a respective pre-set or predetermined refer 
ence value which is fed to the regulator device 16 as an 
other control parameter. The output of regulator de~ 
vice 16 controls water delivery to the drum 1, as will be 
described in more detail below. 
The drive motor 17 for driving the mixing drum 1 is 

operably connected to a control device 19 through the 
intermediary of a transducer 18 which transforms the 
actual power input signal to motor 17, which is indica 
tive of the mechanical load on the motor 17, into a con 
trol signal which is a function of the power input to the 
motor 17. The output signal from control device 19 is 
likewise fed to the regulator device 16. The resulting 
output signal of the regulator device 16 is used to 
adapt the water quantity per unit time delivered by the ' 
main control valve 5 through the action of a valve posi 
tioning means 20 as a function of the said power input 
to motor 17 and the temperature of the sand or other 
granular material. This control leads to a granular ma 
terial such as molding sand discharged by the drum 1 
having a desired moistness and temperature. Beneath 
the mixing drum 1 there is arranged a sand removal 
conveyor 21, or any other suitable expedient, for the 
purpose of transporting away the moistened sand com 
ing out of the mixing drum 1. Of course it is to be un 
derstood that the continuous feed and the continuous 
discharge of the granular material to and from the 
drum 1" allows a continuous operation of the mixing 
drum 1 with a constant quantity of material in the drum 
1. As shown in the above-mentioned US. Pat. No. 
3,277,540, the constant quantity of the mixing drum is 
de?ned by the height of a ?ange or retainer wall on the 
front opening of the mixing drum. . 
A feature of the present application is that the sand 

quantity delivered by conveyor 13 is not measured; it 
' is fed between certain limits continuously, but its quan 
tity can be varied. If a small quantity of sand is fed to 
the mixing drum, the period of dwell of the sand in the 
mixing drum is longer than for a large quantity. I-Iow-‘ 
ever, the moistening control of the sand always works 
in the same manner and leads to the same moisture 
content independent of the sand feeding. The fact that 
the sand delivery does not need to be measured is based 
on the speci?c characteristics of a type of mixer used 
in this case. In such a mixer the quantity of sand in the 
mixing drum is practically constant and independent of 
the sand supply. If the sand supply fed to the mixer is 
small, then the output of the mixer is also small, and if 
the supply of sand is large then the output is also large. 
But the sand quantity in the mixer drum is practically 
constant and therefore the power input of the mixer 
motor, is measured always for the same quantity of 
sand. Thus, the discharging rate of material from the 
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4 
rotating drum depends on the rate of the sand fed to the 
mixing drum. 
As mentioned above, the constant quantity of sand in 

the mixing drum is de?ned by the height of the retainer 
wall. As a result, the moistening of the sand by using 
the above-discussed specific type of mixer does not de 
pend on the sand supply and this leads to a constant 
sand quality up to a maximum sand supply for which 
the mixing drum is dimensioned. The reason why the 
capacity of a mixing drum as mentioned is large is guar 
anteed by the pressure control device which avoids the 
disadvantages of an irregular formation of the water de 
livered by the nozzles 2, 3, 4. 

In summary, since the control of the moisture con 
tent of the sand can be effected without the measuring 
of the sand supply because of the fact that the sand 
quantity in the mixing drum is practically constant, the 
control device can be made in a rather simple manner 
and controls the moisture input as a function of the 
sand temperature and the input power of the mixing 
drum only. 
Conveyor systems for the continuous infeed and re 

moval of sand or other granular material from a mixing 
drum, such as those embodying conveyors correspond 
ing to the delivery conveyor 13, and the removal con 
veyor 21, disclosed above, are also disclosed for in 
stance in the above-mentioned US. Pat. No. 

3,277,540. 
In the simplest case, the means for feeding the con 

veyor 13 is the station of a foundry where moulding 
boxes are opened after casting and the castings are 
knocked out. The sand falls through the knockout grid 
onto the conveyor 13 and is transported to the mixing 
drum. However, it is also possible to direct the sand 
from the ?asks and the castings into a silo and from 
there to the conveyor 13. In order to avoid a large sand 

' silo, the sand is, as quickly as possible, reconditioned 
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and used again for moulding. Therefore, it is possible 
that the sand temperature can vary in a high degree, 
say, for example, from 20°—80° C. This typical example 
is only representative of uses for the present invention. 

It should also be readily appreciated that the mixing 
drum 1, in known manner, can be operated for batch 
wise charging, whereby the moisturing and homogeni 
zation of the granular material occurs in one given di 
rection of rotation and emptying of the mixing drum 1 
in the opposite direction of rotation. The fact that the 
properties of the mixing granular material are mea 
sured, by considering the temperature of the infeed ma 
terial at the mixing drum where the incoming material 
is continuously mixed provides over longer operational 
periods an improved average value in respect of mois 
ture content. 

In the batch-wise operation of the mixing drum, the 
drum is fed with a quantity of sand which is equal or 
higher than the constant quantity retained in the mixer. 
After starting of the mixing drum the control circuit op 
erates in the same manner as disclosed for continuous 
operation and stops the water supply when the correct 
moistening of the sand is achieved. The mixing drum is 
then stopped and emptied and so on. 
The control circuit for the water supply as a function 

of the power input and temperature of the sand or 
other granular material can be executed in a different 
manner. Several standard components are available, 
manufactured by well-known specialized ?rms such as 
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Honeywell, Fo‘xboro, etc. In FIG. 1, the level switches 
7 and 8, which may be in the form of simple ?oat 
switches, are also commercially available from the Brit“ 
ish ?rm Mobray or the German ?rm Besta. The control 
device 9 is a standard type of stepping switch, includ 
ing, for example, a synchronous motor with a cam shaft 
which, by virtue of its rotation switches on or off the 
valve means 10, 11 and 12, depending on the position 
of level switches 7 and 8. Valves such as valves 10, 11 
and12 are commercially available from the Swiss ?rm 
Chemap, for example. Transducer 15, is a commer 
cially available transmitter which can be procured from 
Honeywell. Its-function is to linearly transform the tem 
perature measured by the thermo-element 14 into an 
electric voltage. Thermo-element 14 is preferably an 
iron~constantan thermocouple. 
Transducer 18 may be a Honeywell transmitter 

which linearly transforms the measured current of the 
drive motor 17 into a direct current of a few milliam 
peres. Transducer 18 may also be composed-of a trans‘ 
former with a ratio 40-5 followed by a‘ transducer of the 
type Monax, which is also a standard component manu 
factured by several ?rms. Transducer 19 also commer 
cially available from Honeywell, is a transmitter which 
linearly transforms the current signal into a rotational 
speed of an electric motor which is superimposed into 
a mechanical differential 23 which receives a rotational 
speed of'a transducer 22 which transforms the voltage 
signal of the thermo-element 14 into a rotational speed 

‘ of an electric motor which is coupled over to the me 
chanical differential 23. The output rotational speed of 
the differential 23 is transformed in ‘a transducer 24 
into a proportional “pressure" signal of 3 to 50 p.s.i., 
which signal is transmitted to the positioning control 
means 20. Control means 20 may be, for example, a 
simple positioning relay which is pressure operated. 
With this arrangement, the pressure signal from control 
means 20 is transformed into a proportional stroke of 
the main control valve 5 by using, for instance, a servo 
pressure of two atmospheres absolute pressure. 
The block diagram of the various control units of 

FIG. 1 show the transducing steps in the terms of their 
operational dimensional unit's, e.g. milliampere, milli 
Volt, R.P.M., p.s.i., etc., of the input and the output sig 
nals fed to each block. The transducer 19 is a eommer-_ 
cially available item from Honeywell. The components 
22, 23 24 may be combined into a single apparatus 16 
as 'is commercially available from Honeywell in the 
form‘ of a temperature regulator. Also transducer 19 
can be a regulator. The 'term regulator is used herein 
to mean that a preset reference value can be set in the 
apparatus which is compared with the actual input sig 
nal. The difference, i.e., the error signal, is then trans 
mitted in suitable form to the positioning relay 20. For 
the illustrated embodiment, if regulators are used, ref 
erence signals would be fed to blocks 19 and 22. 

In the case where two regulators are used, the error 
signal of the power regulator 19 is superimposed to the 
temperature error signal in the differential 23. The re 
sulting error signal is then transformed into a propor 
tional pressure signal which is used for the actuation of 
the main control valve 5. 

If, for example, the thermo-element 14 is omitted,‘ 
then its respective error signal is zero and the apparatus 
is controlled only by the power of the mixing drum 
measured by the current for the electric drive motor 17 
of the mixing drum 1. The apparatus could be operated 
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also by using the thermo-elementu14 and by omitting 
the power regulator 19. These are not practical, but 
rather are theoretical cases. 
Several systems according to the concepts of the in 

stallation of FIG. 1 have been fabricated and they oper 
ate in a very convincing manner. The smallest appara— 
tus was designed for 80 tons per hour and the largest 
for 400 tons per hour. However, it is pointed out that 
these are not final boundary values and it is possible 
to build systems of more or less of these indicated val 
ues. 

The explanation concerning the control circuit regu 
lating the water delivery to the mixing drum 1 are facts 
well known to one ordinarily skilled in the art. The 
components used for the control circuitry can be varied 
in a different manner as to have a control circuit regu 
lating the water delivery to the mixing drum as a func- -‘ 
tion of the temperature of the sand and/or power re 
spectively torque of the mixing drum. 

1 claim: . 

1. Apparatus for controlling the moisture content of 
granular material such as molding sand, comprising: 

a mixing drum for processing granular material; 
means for feeding granular material to the drum; 
a plurality of controllable nozzle means aligned with 

the interior of said mixing drum for selectively in 
troducing water into said mixing drum; 

drive means for driving said mixing drum; 
a main control valve means for controlling the total 
quantity of water per unit time delivered into the 
interior of said mixing drum; 

a control circuit coupled to and controlling said main 
control valve means, said control circuit including 
electrical measurement means for measuring at 
least one of the power input and the driving torque 
of said drive means for said mixing drum, and 
means for controlling said main valve means to 
control the feed of water to the mixing drum as a 
function of at least one of said power input and 

‘ driving ‘torque; and 
a pressure control device arranged between said 
main control valve means and said nozzle means 

7 and being operable for measuring the water pres‘ 
sure upstream of said nozzle‘means and for main~ 
taining said water pressure between predetermined 
boundary values, such that upon the water pressure 
exceeding a predetermined maximum value a noz 
zle means is switched in, and upon the water pres 
sure dropping below the predleterrnined minimum 
value a nozzle means is switched out. 

2. Apparatus according to claim 1, wherein said con 
trol circuit includes a temperature measuring device 
for measuring the temperature of the granular material 
being fed to the mixing drum,‘ and means for operating 
said main control valve means as a function of both said 
temperature and at least one of said power input and 
driving torque. 

3. Apparatus according to claim 2, wherein said pres 
sure control device includes a riser conduit arranged 
between said nozzle means and said main control valve 
means, and an upper level switch and a lower level 
switch operably coupled to said riser conduit to sense 
the water level in said riser conduit and switching 
means coupling said upper and lower level switches to 
individual nozzle means such that the water level in 
said riser conduit reaches said upper level switch at 
least one of said nozzle means is switched in and when 
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the water level reaches said lower level switch at least 
one of said nozzle means is switched out. 

4. Apparatus according to claim 1, wherein said pres 
sure control device includes a riser conduit arranged 
between said nozzle means and said main control valve 
means, and an upper level switch and a lower level 
switch operably coupled to said riser conduit to sense 
the water level in said riser conduit and switching 
means coupling said upper and lower level switches to 
individual nozzle means such that when the water level 
in said riser conduit reaches said upper level switch at 
least one of said nozzle means is switched in and when 
the water level reaches said lower level switch at least 
one of said nozzle means is switched out. 

5. Apparatus according to claim 4, wherein said noz 
zle means each include a control valve operatively con 
nected to said upper and lower level switches‘. 

6. Apparatus according to claim 4, wherein said 
switching means includes a motor, the rotation of 
which is controlled by said ‘upper and lower level 
switches, and a plurality of control switches respec 
tively coupled to said nozzle means and operably con 
nected to said motor to selectively switch in or out said 
nozzle means as a function of the rotation of said mo 
tor. 

7. Apparatus according to claim 1, wherein said noz 
zle means each include a control valve. 

8. Apparatus according to claim 1, wherein said con‘ 
trol circuit controls said control valve as a function of 

the power input. ' 
9. Apparatus according to claim 1, wherein said con 

trol circuit controls said control valve as a function of 
the driving torque. 

10. Apparatus according to claim 1, wherein said 
mixer maintains a substantially constant quantity of 
said granular material therein independent of the sup 
ply of granular material thereto. 

11. Apparatus according to claim 1, wherein said 
feed means feeds said granular material to said drum at 
a substantially constant rate. 

12. Apparatus according to claim 1', wherein said 
pressure control device maintains said water pressure 
such that said nozzles deliver said water to said drum 
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8 
with an approximately constant predetermined droplet 
size. 

13. A method for controlling the moisture content of 
granular material such as moulding sand, comprising: 

feeding granular material to a mixing drum; 
driving said mixing drum; 
measuring at least one of the power input and driving 
torque of the driving means for said mixing drum; 

controlling the feed of water to a plurality of nozzles 
which are aligned with the interior of the mixing 
drum for introducing water into the mixing drum, 
as a function of at least one of said power input and 
driving torque; and 

measuring the water pressure upstream of said noz 
zles and maintaining said water pressure between 
predetermined boundary values by switching in a 
nozzle when the water pressure exceeds a predeter 
mined maximum value and switching out a nozzle 
when said water pressure drops below the predeter 
mined minimum value. 

'14. The method according to. claim 13 comprising 
controlling a main control valve means located up 
stream of said pressure control device as a function of 
at least one of said power input and driving torque. 

15. The method according to claim 14 comprising 
measuring the temperature of the granular material 
being fed to the mixing drum, and controlling said 
main control valve means as a function of both said 
temperature and at least one of said power input and 
driving torque. 

16. The method according to claim 13 wherein mea 
suring the water pressure upstream of the nozzle means 
and maintaining same between predetermined bound 
ary values comprising maintaining a water column up 
stream of said nozzles, sensing when said water column 
reaches upper and lower predetermined levels, and 
switching in or out at least one of said nozzle means 
when said upper and lower predetermined levels, re 
spectively, are detected. 

* * * * * 
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