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METHOD OF AND APPARATUS FOR PRO 
PORTIONING THE CONSTITUENTS OF 
MATERIALS 

Walter E. Saxe, Pasadena, Calif., assignor to The 
Conveyor Company, Inc., Los Angeles, Calif., a 
corporation of California 

Application February 5, 1951, Serial No. 209,500 

(Cl. 259-154) 24 Claims. 

The present invention relates to a method of 
and apparatus for regulating the proportions of 
the constitutents of a multiple-constituent ma 
terial, a primary object of the invention being 
to provide a method of and apparatus for pro 
portioning the constituents of such a material by 
separating the constitutents of a sample of the 
material from each other and by subsequently 
mixing the separated constituents derived from 
the sample with the residue remaining after 
sampling in such proportions as to provide the 
resulting mixture with the desired proportions of 
the various constituents. . 

More particularly, a primary object of the in 
vention is to provide a method of and apparatus 
for dividing the material into a sample and a 
residue, separating the constituents of the sample 
from each other, storing the separated constitu 
ents of the sample independently of each other, 
mixing variable proportions of the stored con 
stituents of the sample with the residue, and 
varying the proportions of the stored constituents 
of the sample which are mixed with the residue 
inversely with deviations in the proportions of 
the constituents of the original material from - 
prescribed values so as to maintain the propor 
tions of the constituents of the resulting mixture 
substantially equal to the prescribed values. 

In accordance with the preferred embodiment 
of the invention, an initial sample is separated 
into its constituents, which are stored separately 
and subsequently mixed in variable proportions 
with the initial residue remaining after the ini 
tial sample is taken. Thereafter, the resulting 
mixture is divided into a ?nal sample and a ?nal 
residue and the constituents of the ?nal sample 
are separated from each other and the propor 
tions thereof are measured, the proportions of 
the stored constituents of the initial sample which 
are mixed with the initial residue being varied 
inversely with deviations in the measurements of 
the proportions of the separated constituents of 
the ?nal sample from prescribed values so as to 
maintain the measurements of the proportions of 
the constituents of the ?nal sample substantially 
equal to the prescribed values, With this con 
struction, the proportioning of the constituents 
of the mixture is checked for accuracy after the 
proportioning has taken place, which is an im 
portant feature of the invention. 
An important object of the invention is to pro 

vide an apparatus for performing the foregoing 
operations automatically and continuously. 
_Another object is to provide a plurality of 
variableespeed proportioning means respectively 
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associated with storage bins in which the con 
stituents of the initial sample are stored for dis 
pensing the constituents of the initial sample 
from the storage bins in variable proportions, and 
to provide a control means responsive to the pro 
portions of the constituents of the ?nal sample 
for varying the speeds of the variable-speed pro 
portioning means inversely with deviations in the 
measurements of the proportions of the separated 
constituents of the ?nal sample from prescribed 
values. In other words, if the proportion of a 
particular constituent of the ?nal sample is below 
the prescribed value, the speed of the correspond 
ing variable-speed proportioning means is in 
creased and vice versa. , 

While the present invention may be employed 
to proportion the constituents of a material in 
accordance with any suitable characteristic of 
such constituents, such as weight, volume, and 
the like, I prefer to proportion the constituents of 
the material by weight and embodiments of the 
invention for proportioning the constituents of 
the material by weight are disclosed hereinafter 
for purposes of illustration. 

Also, the invention is applicable to proportion~ 
ing materials having constituents of various 
types. For example, the constituents to be pro 
portioned may differ in size, speci?c gravity, color, 
or the like, the invention being considered herein 
after in connection with proportioning constitu 
ents differing in size as a matter of convenience. 
The invention ?nds particular utility in con 

trolling the proportions of said particles of dif 
ferent sizes and will be considered in such con 
nection hereinafter for illustrative purposes. As 
is well known, sand is employed extensively in the 
building industry in concrete and the like, con 
crete for different purposes requiring diiferent 
proportions of particle sizes for the sand em 
ployed therein. The present invention is well 
adapted to controlling the proportions of sand 
particle sizes so as to maintain the proportions 
thereof substantially equal to certain desired or 
prescribed values, which is an important feature 
of the invention. 
‘The foregoing objects and advantages of the 

present invention, together with various other 
objects and advantages thereof which will be 
come apparent, may be attained with the two 
exemplary embodiments of the invention which 
are illustrated in the drawings and which are 
described in detail hereinafter in connection 
with the proportioning of sand-particle sizes by 
Weight. Referring to the drawings: 

Fig. l is a diagrammatic‘perspective view of a 
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preferred embodiment of an apparatus of an 
invention which is capable of performing a pre 
ferred embodiment of the method thereof; 

Fig. 2 is a schematic diagram of an electrical 
circuit of the apparatus illustrated in Fig. 1; and 

Fig. 3 is a diagrammatic perspective view of an 
alternative embodiment ‘of an apparatus of the 
invention‘capable" of performing an alternative 
embodiment of the method thereof. 
Referring particularly to Fig. 1 of the draw 

ings, the apparatus illustrated therein includes 
a chute H for delivering sand or other material 
whose constituents are to be proportioned to a 
conveyor 12, the sand preferably being delivered 
to the conveyor l2 in the form {if aysjublstantially 
continuous stream. The‘conveyor I2 discharges 
the sand into a rotatable hopper I3, the latter 
being mounted on a shaft H which" may be ro 
tated in any suitable manner, not shown, to ro 
tate the hopper [3 about the axis of such shaft. 
The rotatable hopper l3'is provided with an off 
set spout l5 through ch‘thefsand discharged 
into this hopper flows. ’ I‘ " ' 

" Below the rotatable hopper I3 is a stationary 
hopper l8 havingv {stationary spout I9 which 
discharges onto 'a conveyor the latter dis 
charging into a hopper'2ll' ' The stationary hop 
per I8 is provided with‘ 'a dividing or splitting 
means 22 for splitting off a sample‘ stream from 
the stream of sand‘ e‘d"i’nto the station 
ary hopper I8 by'the rot‘ bl’e hop-per l3. The 
splitting means‘ 22'is ill strnted “as comprising a 
\‘I-shaped compartme _2'?;"thev apex of which 
substantially coincidesv ‘with a axis of rotation 
of ‘the rotatable hopper l3.'"As will be apparent, . 
during each revolution of the" rotatable hopper 
IS, a sample of the sand ‘dischargedby the off 
set spout 15 falls into the compartment 23, the 
remainder of the sand discharged by the offset 
spout l5 being delivered to the ‘conveyor 20. The 
sample discharged into the compartment 23 flows 
through 'a chute‘ 25 into a hopper 25, the ‘sample 
being discharged from "the :latter through a 
chutezs' , , .. . 

Thus, it will be apparent that the splitting v:. 
means 22 divides ‘the stream of material dis: 
charged from the “rotatable hopper 13 into a 
sampleand a residue, the'sa'rnple being delivered 
to the hopper 25 and the residue being delivered 
to the conveyor‘z?. ' the sand is discharged into 
the rotatable hopper l3 by the conveyor [2 in a 
substantially continuous stream, as is prefer 
able, it' will'be apparent thatthe residue deliv 
ered to the conveyor 20 is‘ in’the form of a’sub 
stantially continuous stream. Under such con 
ditions, the sample ?ows'through the chute'25 
leading from the hopper 25 in the form of a'sub 
stantially continuous stream, the hopper 25, the 
chute 24, and the compartment 23 tending to 
level out the pulses resulting from the periodic 
discharge of sand into the compartment 23. If 
a still more uniform sample stream is desired, 
a splitting means similar to that disclosed in my 
application Serial No. 213,015, ?led Februaryv 27, 
1951, may be used. 
The proportion of the sand which is split off 

by the splitting means 22 depends on a number 
of factors, as will be discussed in more detail 
hereinafter. However, I contemplate splitting 
off around ten’percent of the sand, for example. 
As will be apparent, if it is desired to split off 
ten percent of the sand, then it is necessary that 
the angle of the veshaped compartment 23 be 
216°. Qbyiously, if it isdesired‘to split off greater‘ 
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or lesser percentages, this angle must be in 
creased or decreased. 
The chute 26 from the sample hopper 25 dis 

charges the sample into means, which may be 
a trommel 30, for separating the constituents of 
the sand sample from each ether, each constitu 
ent of the sample being regarded as a particular 
range of particle sizes. As is well known in the 
art, the trommel 30 may include a plurality of 
screens each adapted to retain sand particles 
exceeding a predetermined size. In the particu 
lar construction illustrated, the trommel 30 is 
designed‘ to separate the sand sample into four 
constituents, although this number may be varied 
as desired. The four constituents are conveyed 
through chutes 3], 32, 33 and 34, respectively, 
to storage bins 35, 3§, 31 and 38, respectively. 
The constituents of the sand sample in the 

storage bins 35, 36, 31 and 38 are delivered to a 
conveyor 39 by conveyors M, 42, 43 and M, re 
spectively, the conveyor ‘33. discharging into the 
same hopper into 'wpich'thje conveyor 2?; dise 
charges the residue discussed above. Preferably, 
the conveyors 4|, 42, 43 and 44 are screw song 
veyors, although other‘ types may be used. The 
conveyors 4 l , 42, Q3 and 134 are driven by variable: 
speed electric motors {L5, 52$, 5] and d8, resp_ee_-,v 
tively, the variable-spree tors 45, 46, 4? and 
138 being controlled by ‘slave vsynchros 5|, 5,2,‘ 53 
and 54, respectively, ‘in 'the'p'a'rticular. construc 
tion illustrated. The manner in which the ‘slave 
synchros 5| to 54 are'controlled to control the 
variable-speed motors 45 to 138 will be considered 
in more detail hereinafter. 
The storage bins 35, 36,, 31 and 38 are pro 

vided with over?ow spouts '55, 55, 5,1 and"58, 
respectively, through which the sand constitu 
ents are discharged from the storage bins when 
such bins are ?lled to capacity, the overflow 
spouts discharging onto an over?ow conveyor 59 
which leads to a suitable point of disposal.‘ 

Considering the operation of the embodiment 
of the invention illustrated in Fig. 1 of the draw 
ings as thus far described, the sample obtained 
by the splitting means 22 is separated into its 
constituents by the trommel 30 and such con 
stituents are discharged into the storage bins 35 
to 38, the residue remaining after the sample 
is taken by the splitting means being discharged 
into the hopper 2|. The conveyors M to dis 
charge the constituents of the sample from the 
storage bins 35 to 38 onto the conveyor 39 in 
variable proportions, each of the conveyors 4| to 
M and that one of the variable-speed motors 45 
to 48 which is associated therewith thus serving 
as a variable-speed discharge or proportioning 
means of the apparatus. The variable proporé' 
tions of the constituents of the sample which are 
discharged onto the conveyor 39 are also dis 
charged into the hopper 2| along with the residue 
discharged thereinto by the conveyor 2!}. Thus, 
the stored constituents of the sand sample are 
mixed in variable proportions with the residue 
remaining after the sample. has been taken, theI 
proportions of the stored constituents which are 
mixed with the residue being so regulated as to, 
provide the resulting mixture with certain pre 
scribed proportions of the sand constituents as 
will be described in more detail in the following 
paragraphs. 
The mixture of the variable proportions of the 

stored constituents of the sand sample with the. 
residue remaining after the sample is split off 
discharges from the hopper 2| into a stationary 
hopper 62 having an offset spout 63, the latter 



52,587,531 
discharging onto a conveyor 64 which leads to 
a stock pile 55. Rotatable within the stationary 
hopper 62 is a central vertical shaft 58 which car 
ries a splitting means 59 similar to the splitting 
means 22, the shaft 68 being rotatable in any 
suitable manner, not shown, to rotate the split 
ting means 69 within the stationary hopper 62. 
In the particular construction illustrated, the 

* splitting means 59 includes a V-shaped com 
partment 79 having a spout H at its lower end. 
As will be apparent, the mixture discharged 

into the hopper 52 from the hopper 2| falls into 
the V-shaped splitting compartment 19 once for 
each revolution thereof to obtain a sample of 
the mixture which will be termed a “?nal” 
sample to distinguish from the “initial” sample 
taken by the splitting means 22. This ?nal 
sample may, for example, be of the order of mag 
nitude of two percent of the mixture. The resi 
due remaining after the ?nal sample is taken by 
the splitting means 59 discharges through the 
spout 63 of the hopper 62 onto the conveyor 64 
and is transported to the stock pile 55. This 
residue will hereinafter be termed the “?nal” 
residue to distinguish from the “initial” residue 
remaining after the initial sample is split off by 
the splitting means 22. 
The ?nal sample periodically discharged into 

the V-shaped compartment 19 is discharged 
therefrom through the spout ‘ll into'a hopper 74 
having a spout '55 which leads to another means, 
such as another trommel it, for separating the 
?nal sample into the same constituents as dis 
cussed previously. In other words, the trommel 
30 separates four constituents of the initial sam 
ple from each other in the particular construc 
tion illustrated, and the trommel l8 separates the 
same four constituents of the ?nal sample from 
each other, although the proportions of the four 
constituents of the ?nal sample may diiier from 
those of the initial sample, as will be discussed in 
more detail hereinafter. 
The four constituents into which the ?nal sam 

ple is separated by the trommel ‘F5 are delivered 
through chutes BI, 82, 83 and 34, respectively, 
to separate conveyors 85, 85, 8'! and 88, respec 
tively, the latter discharging onto a conveyor 89 
which preferably leads to the stock pile 55. Op 
eratively connected to the conveyors 85, 85, 81 
and 88 are scales SI, 92, 93 and 94, respectively. 
For illustrative purposes the scales 9| to 94 are 
shown as supporting the conveyors 85 to 88, al 
though any desired conveyor scale system may 
be employed. 
The scales 9|, 92, 93 and 94 actuate master 

synchros 95, 95, 91 and 98, respectively, the rotors, 
not shown, of the master synchros being opera 
tively connected to the indicator shafts of the 
scales in any suitable manner, not shown. The 
master synchros 55, 95, 91 and 99 are electrically 
connected to the slave synchros 5!, 52, 53 and 
54, respectively, which control the variable-speed 
motors 45, 45, 41 and 43, respectively. Since the 
electrical connections between the master and 
slave synchros are well known, they are not 
shown in detail, being represented diagrammati~ 
cally by the connections I51, I02, !93 and £94. 

Considering the over-all operation of the em 
bodiment of the invention illustrated in Fig. 1 
of the drawings, it will be assumed as a mat 
ter of convenience that a substantially constant 
stream of sand is being discharged into the ro 
tatable hopper 13 by the conveyor 52. Under 
such conditions the initial sample and the initial 
residual streams and the ?nal sample and the 
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?nal residual streams are all substantially con 
stant. Since, under the conditions outlined, the 
?nal Sample stream is substantially constant, the 
weights of the sand constituents on the conveyors 
85 to 88 are substantially constant, any varia~ 
tions therein arising solely from variations in the 
proportions of the constituents. Any deviations 
in the proportions of the constituents of the ?nal 
sample are measured by the scales 9! to 94, and 
are transmitted thereby to the master synchros 
S5 to 98. In turn, the master synchros 95 to 93 
actuate the slave synchros 5! to 54 to vary the 
speeds of the motors 45 to 48 to compensate for 
such deviations vin the proportions of the con~ 
stituents of the ?nal sample. 
In other words, let us assume that the con 

stituent of the ?nal sample delivered to the con~ 
veyor 85 is to be maintained at twenty-?ve per 
cent of the ?nal sample, it being necessary that 
the mixture delivered to the stock pile 55 contain 
twenty~?ve percent of this constituent. Thus, 
if the read-ing on the scale 9! drops to twenty~ 
four percent (the scales 9! to 54 preferably be 
ing calibrated in percentage), the corresponding 
master synchro 95 causes the slave synchro 5i 
controlled thereby to increase the speed of the 
corresponding motor 45 so that the correspond- 
ing conveyor 4! delivers more of the constituent 
in question to the conveyor 39 for mixing with the 
inital residue. Thus, the elements just described. 
correct for the drop in the percentage of the con 
stituent under consideration. The synchros 95 
and 5! correct in a similar manner for an increase 
in the percentage of the constituent on the con 

' veyor 85 above the prescribed value by reducing 
the speed of the corresponding motor 45 to de~ 
crease the amount of this constituent which is 
mixed with the initial residue. The synchro sys— 
tems 95 and 52,9‘! and 53, and 98 and 55 correct 

for deviations in the readings of the scales 92, and. 54, respectively, from prescribed values in a 

similar manner. 
Thus, the proportions of the stored constituents 

of the initial sample which are mixed with the 
initial residue are varied inversely with devia 
tions in the readings of the scales 9! to 94 from 
prescribed values so as to maintain the scale 
readings substantially equal to the prescribed 
values. Actually, the apparatus will correct for 
deviations in the scale readings from the pre 
scribed values as soon as a slight deviation occurs, 
the one percent deviation cited above for illustra 
tive purposes being exaggerated. Thus, sand 
having proportions of constituents differing from 
the proportions necessary for a particular con~ 

crete, for example, will be processed by the bodiment of Fig. 1 and delivered to the stock 65 with the prescribed constituent proportions. 

In eifect, the proportions of the constituents of 
the original sand are rearranged to obtain the 
prescribed proportions. 
As previously indicated in considering the over 

all operation of the embodiment illustrated in Fig. 
1 of the drawings, it is necessary that the ?nal 
sample stream be maintained substantially con— 
stant so that deviations in the readings of the 
scales 9| to 94 reflect only deviations in the pro 
portions of the sand constituents from prescribed 
values. One way of accomplishing this is to vary 
the split taken by the splitting means 69 in such 
a manner as to maintain the ?nal sample stream 
substantially constant irrespective of variations 
in the stream of sand discharged into the appa 
ratus by the conveyor [2. The percentage of the 
mixture discharged into the hopper 62 which is 
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split off by the splitting means I59 to form» the 
?nal sample stream may be varied by pivotally 
mounting one of the walls of the V-shaped com 
partment ‘I0, e. g., the wall H0, at III so that the 
angle between the two walls may be varied. In 
the particular construction illustrated, the piv 
oted wall I I0 is shown as having a rack I I2 rigidly 
connected thereto, a pinion H3‘ driven by- a re 
versible electric. motor H4 being meshed with the 
rack II2 to control the angle between the two . 
walls of the V-shaped compartment ‘[0. The re 
versible motor I I4 is actuable by a slave synchro 
H5 which is controlled by a master synchro IIB, 
the connection between the slave and master syn 
chros being diagrammatically indicated at I I1, 
since it is Well known in the art. The master 
synchro H5 is actuable by a scale.- I‘I8 which is 
operatively connected to the conveyor I2 to re 
spond to variations in the load thereon. Thus, if 
the load. on the conveyor I2 increases, the scale 
II8 causes the master synchro IIS to actuate the 
slave synchro. M5, the latter energizing the re 
versible motor H4 in a direction to decerase the 
angle between the walls of the. ‘if-shaped coni 
partment ‘It. This decreases the percentage of 
the mixture which is split off to form the ?nal 
sample stream so as to maintain the ?nal sample 
stream substantially constant. The system opera 
ates in a similar manner in response to. adecrease 
in the load on the conveyor I2. 

Thus, the scale H8 maintains the angle be 
tween the walls of the V-shaped compartment 
‘It! at such values as to. maintain the ?nal sample 
stream substantially constant. Alternatively, 
the scale [I8 could be used in connection with a - : 
conveyor in other places in the system. For ex 
ample, such a conveyor operatively connected to 
the scale “8' could be interposed between the 
hopper ‘I4 and the trommel ‘I6 so. as to respond 
directly to variations in the. ?nal sample stream. 
The scales. 9| to 94 have been‘ referred to pre 
viously as preferably indicatingv percentages. 
This may be accomplished conveniently by 50- de 
signing the scale-synchro system I'I5.-—I ItB' that it 
continuously adjusts the splitting means 69 to 
maintain the weight: rate of. ?ow in the ?nal 
sample stream substantially equal. to, for ex 
ample, 100 units for each one-half‘ revolution‘of 
the conveyors 85.. to. 88.v Under such. conditions, 
the conveyors 85 to 88, taken collectively, always. 
carry a weight of 100. units. If the scales; 9I. to 
94 are calibrated in such units, the readings 
thereof Will be equal to the respective percentages 
This result could be attained in the same way if 
the scale I I8 were connected to a conveyor inter 
posed between the hopper ‘I4 and the, trommel ‘I5, 
as suggested above. 

As will be apparent, if a shortage of one of 
the constituents of the original sand persists-tor 
any length of time, the. corresponding one of 
the storage bins 35 to 38 would ultimately be 
emptied in compensating for such shortage. In 
order to avoid this, I provide. means for varyingv 
the proportions of the initial sample and the 
initial residue in response to variations the 
amounts of the stored constituents in the bins 
35 to 38. In other words, if a prolonged shortage 
of one constituent tending to empty one. of the 
storage bins exists, such means increases the 
initial sample split off by the splitting means 22;. 
In the particular construction illustrated, the 

storage bins 35, 36, 3-15 and 38v are operatively 
connected to scales I25, I25, I21 and I28, respec 
tively, only twov of the scales being visible'in 
Fig. l, but: all of? them being. shown in Fig. 2'. 
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As in the case of the splitting means 69,_the V 
shaped compartment of the splitting means 22 
is provided with a pivoted wall I29 for varying 
the angle between the walls of such compart 
ment, the pivoted wall I29 carrying a rack I30 
with which is meshed a pinion I3I driven by a 
reversible motor I32. 

Referring now to Fig. 2 of the drawings, the 
shafts of the scales I25, I23, I2‘? and I28‘ carry ' 
contact arms I35, I35, I31 and I38, respectively, 
and contact arms I4I, I42, I43 and I44, respec 
tively. The contact arms I35, I36, I31 and I38 
are adapted to engage stationary contacts I45, 
I45, I4l and ms, respectively, and the contact 
arms I4I, I42, 543 and I44 are adapted to engage 
stationary contacts l5I', I52, I53 and I54, respec 
tively. . ' 

As will be apparent from Fig. 2 of the draw 
ings, the. switch formed by the contact armv I35 
and the contact I45, the switch formed by the 
contact arm E35 and the contact I45, the switch 
formed by the contact arm i3? and the contact 
I47, and the switch formed by the contact arm 
$38 and the contact E48 are all connected in 
parallel across one pair of terminals of the re 
versible motor I52. When the amount of the 
constituent stored in the storage bin 35, for ex 
ample, decreases below a predetermined mini 
mum, the contact arm I35 of the corresponding 
scale engages the contact I45 to energize the 
motor I32 in the direction required to increase 
the angle between the walls of the V-shaped 
compartment 23, thereby increasing the initial 
samplev split oii so as to compensate for the re 
duction in the amount of the constituent stored 
in the storage bin 35. The angle between the 
walls of the V-shaped compartment 23 is cor-‘ 
rected in a similar manner in the event that 
the amount of the constituent stored in any of 
the other bins drops below a predetermined: mini 
mum. 

Thus, since the switches formed by the contact 
arms I35‘ to I38 and the corresponding contacts 
I45 to I48 are connected in parallel, a reduction 
in the. amount of material in any‘ one‘ of the 
storage bins 35 to 38 will result in an increase 
in the initial sample split off so as to maintain 
the supply of the corresponding‘ constituent 
above a predetermined minimum- This may‘ re 
sult in over?owing one or more of the other 
storage bins, such overflow‘ being conveyed to a 
suitable point of disposal for other purposes. 
The switch formed by the contact arm I.4I and 

the contact I5I, the switch formed by the con. 
tact arm I42 and the contact I52, the switch 
formed by the contact arm I43 and the contact 
I53, and the switch formed by the contact arm 
:44 and the contact I54 are all connected in 
series with the other pair of terminals of the 
reversible motor i552. Thus, whenever the 
amounts of the constituents stored in all of the 
storage bins to 33 are above predetermined 
minimums, the system energizes the reversible 
motor in. the opposite direction to decrease the ~ 
angle between the walls of the V-shaped com 
partment 23, thus, avoiding overflowing the stor 
age bins under such conditions. 
Thus, the system just described increases the 

initial sample split oii by the splitting means 22 
in the response to a shortage in one of the con 
stituents, and decreases the initial sample un 
der other conditions, as when the constituents 
of the original sand are substantially in line‘ 
with the constituents described. 

Referring. now to Fig. 3 of the drawings. thesem 
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bodiment of the apparatus of the invention illus 
trated therein includes a conveyor 2| 2 which dis 
charges the sand or other material whose con~ 
stituents are to be proportioned into a rotatable 
hopper 213 which is mounted on a shaft 2M 
driven in any suitable manner, the rotatable hop~ 
per having an offset spout 2l5. In order to main 
tain the stream of sand delivered to the rotat~ 
able hopper 2|3 substantially constant, a scraper 
216 above the conveyor 2&2 is employed, any ex 
cess being scraped off into a hopper which dis‘ 
charges onto a conveyor 2!‘!, the latter leading 
back to the source of the sand, for example. 
Below the rotatable hopper 2l3 is a stationary 

hopper 2|8 havingr a spout 2i9 which discharges 
onto a conveyor 22%] leading to a stationary hop 
per 22!. In the stationary hopper 2! 8 is a split 
ting means 222 comprising a V-shaped compart 
ment 223 which corresponds to the V-shaped 
compartment 23 of the previous embodiment. 
except that it is not adiustable. The sample split 
off by the splitting means 222 flows through a 
chute 224 to a hopper 225, the residue being dis 
charged onto the conveyor 220. 
From the hopper 225, the sample ?ows through "‘ 

a chute 226 to a separating means, illustrated as 
a trommel 232. The constituents of the sample 
which are separated from each other by the trom 
mel 230 are discharged into chutes 23I, 222, 223, 
and 2-34, such constituents ultimately being de 
livered to storage bins 235, 236, 23? and 228, re 
spectively, by a conveyor system to be described 
hereinafter. From the bins 235, 235, 23'! and 233, 
the constituents stored therein are delivered to a 
conveyor 238 leading to the hopper 22! by con 
veyors 213i, 252, 243 and 244, respectively, which 
may be of the screw type. The conveyors 212i, 
242, 223 and 224 are driven by variable-speed 
electric motors 245, 2116, 241 and 2138, respectively, 
the latter being controlled by slave synchros 25!, 
252, and 252, respectively. Over?ow spouts 
255, 256, 25? and 253 lead from the respective 
storage bins 235, 235, 23‘! and 238 to an over?ow 
conveyor 259 leading to a suitable point of dis— 
posal. 
The hopper 22i discharges the mixture from 

the conveyors 22B and 239 onto a conveyor 264 
leading to a stock pile 265. 

Interposed between the trommel 236 and the 
‘storage bins 235, 236, 23‘! and 238 are conveyors 
285, 285, 22‘! and 288, respectively. The chutes 
23!, 232, 233 and 2313 from the trommel 23c dise 

charge onto the conveyors 285, 286, 281 and respectively, and the latter discharge into the re 

spective storage bins. 
The conveyors 285, 286, 28'l and 288 are opera~ 

tively connected to scales 29!, 292, 293 and 224 
which actuate master synchros 295, 226, 227 and 
293, respectively, the latter being operatively con-' 
nected to the slave synchros 251, 252, 253 and 
254, respectively, by diagrammatically illustrated 
connections 3M, 3022, 323 and 304, respectively. 
In operation, any deviations in the percentage 

of one of the constituents on the conveyors 235, 
285, 287 and 282 from the value prescribed there 
for results in an inverse variation in the rate at 
which such constituent is discharged from the 
corresponding one of the storage bins 235, 235, 
23'! and 238. In other words, if one of the scales 
29L 292, 293 and 236 indicates a constituent per 
centage below the value prescribed therefor, the 
speed of the corresponding one of the motors 265, 
246, 241 and 2153 is increased to compensate. A 
deviation in the scale reading above the pre- _ 
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scribed value results in a decrease in the speed 
of the corresponding motor to compensate. 
Thus, in this embodiment of the invention, the 

compensation required for proper proportioning 
of the constituents is determined prior to pro 
portioning them, whereas in the embodiment 
previously described, the compensation required 
is determined after proportioning. One advan 
tage of the embodiment of the apparatus of the 
invention illustrated in Fig. 3 is that it requires 
fewer components. However, since this embodi 
ment does not check the corrections it makes in 
the proportions of the constituents, any malfunc 
tioning will go undetected. On the other hand, 
the embodiment of the apparatus of the inven 
tion which is illustrated in Figs. 1 and 2 of the 
drawings continuously checks the corrections 
which it has made in the proportions of the con 
stituents so that any malfunctioning is imme 
diately detected, which is an important advan 
tage of such embodiment. Also, in the embodi 
ment illustrated in Fig. 3, there is no compensa 
tion for prolonged shortages of one of the con 
stituents, which is another advantage of the em 
bodiments of Figs. 1 and 2 of the drawings. 
Summarizing, both of the embodiments here 

inbefore described divide the material into a 
sample and a residue, separate the constituents 
of the sample from each other, store the sepa 
rated constituents of the sample independently, 
mix variable proportions of the stored con 
stituents of the sample with the residue, and 
automatically vary the proportions of the stored 
constituents of the sample which are mixed with 
the residue inversely with deviations in the pro 
portions of the constituents of the original ma 
terial from prescribed values so as to maintain 
the proportions of the constituents of the result 
ing mixture substantially equal to the prescribed 
values. In the embodiment of Fig. 3 of the draw 
ings, the proportions of the stored constituents 
which are employed in the mixture are varied in 
versely with deviations in the proportions of the 
constituents of the initial sample from pre 
scribed values, whereas in the embodiment of 
Figs. 1 and 2 of the drawings, the proportions of 
the stored constituents which are employed in 
the mixture are varied inversely with deviations 
in the proportions of the constituents of the ?nal 
sample from prescribed values, the ?nal sample 
being taken from the mixture so that the ac 
curacy of the proportioning is checked in the em 
bodiment of Figs. 1 and 2 of the drawings. 
Thus, the present invention provides a method 

of and apparatus for maintaining the propor 
tions of the constituents of a material substan 
tially equal to prescribed values by repr-oportion 
ing the constituents of the original material as 
required, which is an important feature. 
Although I have disclosed two exemplary em 

bodiments of the invention herein and have dis 
closed same in connection with proportioning 
the constituents of a material such as sand by 
weight, it will be understood that various 
changes, modi?cations and substitutions may be 
incorporated in the embodiments disclosed and 
that the invention may be‘ applied to other mate 
rials without departing from the spirit thereof. 

I claim as my invention: ' 
1. A method of regulating the proportions of 

the constituents of a multiple-constituent mate 
rial, including the steps of: separating the con 
stituents of the material from each'other; mix 
ing the separated constituents together in vari 
able proportions; and varying the proportions 
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of the separated constituents which are mixed to 
gether as inverse functions of deviations in the 
proportions of the constituents of the original 
material from prescribed values. 

2. A method of regulating the proportions of 
the constituents of a multiple-constituent mate 
rial, including the steps of: dividing the material 
into a sample and a residue; separating the com 
stituents of said sample from each other; storing 
the separated constituents of said sample inde 
pendently of each other; mixing variable propor 
tions of the stored constituents of said sample 
with said residue; and varying the proportions of 
the stored constituents of said sample which are 
mixed with said residue inversely with devia 
tions in the proportions of the constituents of 
the original material from prescribed values so 
as to maintain the proportions of the constituents 
of the resulting mixture substantially equal to 
said prescribed values. 

3. A method of regulating the proportions of 
the constituents of'a multiple-constituent mate 
rial, including the steps of: dividing the material 
into a sample and a residue; separating the con 
stituents of said sample from each other; meas~ 
uring the proportions of the separated constitu 
ents of said sample; and varying the proportions 
of the constituents of the material inversely with 
deviations in the measurements of the propor 
tions of said sample from prescribed values. 

4. A method of regulating the proportions of 
the constituents of a multiple-constituent ma 
terial, including the steps of: dividing the mate 
rial into an initial sample and an initial residue; 
separating the constituents of said initial sam 
ple from each other; mixing the separated con 
stituents of said initial sample in variable propor 
tions'with said initial residue; dividing the re 
sulting mixture into a ?nal sample and a ?nal 
residue; separating the constituents of said ?nal 
sample from each other; measuring the propor 
tions of the separated constituents of said ?nal 
sample; and varying the proportions of the sepa 
rated constituents of said initial sample which 
are mixed with said initial ‘residue as inverse 
functions of deviations in the measurements of 
the proportions of the separated constituents of 
said ?nal sample from prescribed values so as to 
maintain said measurements substantially equal 
to said prescribed values. 

5. A method of regulating the proportions of 
the constituents of a multiple-constituent ma 
terial, including the steps of: dividing the ma 
terial into an initial sample and an initial resi 
due; separating the constituents of said initial 
sample from each other; storing the separated 
constituents of said initial sample independently 
of each other; mixing the stored constituents of 
said initial sample in variable proportions with 
said initial residue; dividing the resulting mix 
ture into a ?nal sample and a ?nal residue; sep 
arating the constituents of said ?nal sample 
from each other; measuring the proportions of 
the separated constituents of said ?nal sample; 
and varying the proportions of the stored con 
stituents of said initial sample which are mixed 
with said_initial residue inversely with deviations 
in measurements of the proportions of the sep 
'arated constituents of said ?nal sample from pre 
scribed values so as to maintain said measure 
ments substantially equal to said prescribed 
values. 

6. A method of regulating the proportions by 
weight of the constituents of a multiple-con 
stituent material, including the steps of; QiYiQiP-g 
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the material into a sample and a residue; sep~ 
arating the constituents of said sample from each 
other; storing the separated constituents of said 
sample independently of each other; removing 
variable proportions by weight of the stored con 
stituents of said sample from storage and mixing 
them with said residue; and varying the propor= 
tions by weight of the stored constituents of said 
sample which are mixed with said residue in 
versely with deviations in the proportions by 
weight of the constituents of the original ma 
terial from prescribed values so as to maintain 
the proportions by weight of the constituents of 
the resulting mixture substantially equal to said 
prescribed values. 

'7. A method of regulating the proportions of 
the constituents of a multiple-constituent ma 
terial moving in a substantially continuous 
stream, including the steps of: substantially con 
tinuously dividing the stream of material into a 
substantially continuous sample stream and a 
substantially continuous residual stream; sub“ 
stantially continuously separating the constitu 
ents of said sample stream from each other; sub 

“‘ stantially continuously mixing the separated cone 
stituents of said sample stream in variable pro 
portions with said residual stream; and sub 
stantially continuously varying the proportions of 
the separated constituents of said sample stream 
which are mixed with said residual stream in“. 
versely with deviations in the proportions of the 
constituents of the material of the original 
stream from prescribed values so as to maintain 
the proportions of the constituents of the result 
ing mixture substantially equal to said prescribed 
values. 

8. A method of substantially continuously reg 
ulating the proportions by Weight of the constitue 
ents of a multiple-constituent material moving in 

' a substantially continuous stream, including the 
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steps of : substantially continuously dividing the 
stream of material into a substantially continue 
ous initial sample stream and a substantially con— 
tinuous initial residual stream; substantially con‘ 
tinuously separating the constituents of said 
initial sample stream from each other; substan~ 
tially continuously mixing variable proportions 
by weight of the separated constituents of said 
initial sample stream with said initial residual 
stream; substantially continuously dividing‘ thé‘ 
resulting mixture into a substantially continuous? 
final sample stream and a substantially contiiiii 
ous ?nal residual stream; substantially continue 
ously separating the constituents of said ?nal 
sample stream from each other; substantially 
continuously weighing the proportions of the 
separated constituents of said ?nal sample 
stream; and substantially continuously varying 
the proportions by weight of the separated con 
stituents of said initial sample stream which 
are mixed with said initial residual stream in 
versely with deviations in the weights of the 
proportions of the separated constituents of said‘ 
?nal sample stream from prescribed values so as 
to maintain the weights thereof substantially‘ 
equal to said prescribed values. 

9. In an apparatus for regulating the propor» 
tions of the constituents of a multiple-constitu 
ent material, the combination of : means for sep 
arating the constituents of the material from 
each other; means for mixing variable‘ propor 
tions of the separated constituents together; and 
control means for varying the proportions of the 
separated constituents which are mixed together 
as inverse functionsv of: deviations in the propor 
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tions of the constituents of the original material 
from prescribed values. 

10. In an apparatus for regulating the pro 
portions of the constituents of a multiple-con 
stituent material, the combination of: means 
for dividing the material into an initial sample 
and an initial residue; means for separating the 
constituents of said initial sample from each 
other; means for mixing variable proportions of 
the separated constituents of the initial sample 
with said initial residue; means for dividing the 
resulting mixture into a ?nal sample and a ?nal 
residue; means for separating the constituents 
of said ?nal sample from each other; means for 
measuring the proportions of the separated con 
stituents of said ?nal sample; and control means 
operatively connected. to said measuring means 
and said mixing means for varying the propor 
tions of the separated constituents of said in 
itial sample which are xed with said initial 
residue inversely with deviations in the measure 
ments of the proportions of the separated con 
stituents of said ?nal sample from prescribed 
values so as to maintain said measurements sub 
stantially equal to said prescribed values. 

11. An apparatus according to claim 10 where 
in said measuring means includes scale means 
for measuring the proportions of the separated 
constituents of said ?nal sample by weight. 

12. In an apparatus for regulating the propor 
tions of the constituents of a multiple-constitu 
ent material, the combination of: means for 
dividing the material into an initial sample and 
an initial residue; means for separating the con 
stituents of said initial. sample from each other; 
means for storing the separated constituents of 
said initial sample independently or" each other; 
means for mixing variable proportions of the 
stored constituents of said initial sample with 
said initial residue; means for dividing the re 
sulting mixture into a ?nal sample and a ?nal 
residue; means for separating the constituents 
of said ?nal sample from each other; means for 
measuring the proportions of the separated 
constituents of said ?nal sample; and control 
means operatively connected to said measuring 
means and said mixing means and actuable by 
said measuring means for varying the propor~ 
tions of the stored constituents of said initial 
sample which are mixed with said initial residue 
inversely with deviations in the measurements 
of the proportions of the separated constituents 
of said ?nal sample from prescribed values so 
as to maintain said measurements substantially 
equal to said prescribed values. 

13. An apparatus ace rding to claim 12 where 
in said measuring means includes scale means 
for measuring the proportions of the separated 
constituents of said ?nal sample by Weight, said 
control means being operatively connected to 
said scale means to said miv’rg means. 

14. In an apparatus for regulating the pro 
portions by Weight of the size constituents of a 
material. having a plurality of constituents of 
different sizes, the combination of: means for 
dividing a substantially co tinuous stream of 
the material into a substantially continuous in 
itial sample stream and. a substantially continu 
ous initial residual stream; a plurality of storage 
bins; means for substantially continuously sep 
arating the size constituents of said initial 
sample stream from each other and for deliver 
ing them to said storage bins, respectively; a 
plurality of discharge means for substantially 
continuously discharging the stored size con 
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14 
stituents of said initial sample stream from said 
storage bins, respectively, at variable rates; 
means for substantially continuously mixing the 
stored. size constituents discharged at variable 
rates by said discharge means with said initial. 
residual stream to produce a substantially con 
tinuous mixture stream; means for substantially 
continuously dividing said substantially con 
tinuous mixture stream into a substantially con- 
tinuous ?nal sample stream and a substantially 
continuous final residual stream; a p1uralit~ oi 
conveyors; means for substantially continuously 
separating the size constituents of said ?nal 
sample stream from each other and for deliver 
ing same to said conveyors, respectively; a plu-v 
rality of scales operatively connected to said con-i 
veyors, respectively, for measuring the weights 
of the size constituents of said ?nal sample 
stream thereon, respectively; and control means 
operatively connecting said scales to said dis 
charge means, respectively, for actuating said 
discharge means to vary the rates at which the 
size constituents of said initial‘ sample stream 
are discharged from said storage bins inversely 
with deviations in the indications of said scales 
from prescribed values so as to maintain the 
indications of said scales substantially equal to 
said prescribed values. 

1.5. In an apparatus for regulating the propor 
tions by Weight of the size constituents of a ma 
terial having a plurality of constituents of differ 
ent sizes, the combination of: means for dividing 
a. substantially continuous stream of the material 
into a substantially continuous initial sample 
stream and a substantially continuous initial re 
sidual stream; a plurality of storage bins; means 
for substantially continuously separating the size 
constituents of said initial sample stream from 
each other and for delivering them to said stor 
age bins, respectively; a plurality of variable~ 
speed discharge means for substantially contin 
uously discharging the stored size constituents of 
said initial sample stream from said storage bins, 
respectively, at variable rates; means for sub 

0 stantially continuously mixing the stored size 
constituents discharged at variable rates by said 
discharge means with said initial residual stream 
to produce a substantially continuous mixture 
stream; means for substantially continuously cli 
viding said substantially continuous mixture 
stream into a substantially continuous ?nal sam 
ple stream and a substantially continuous ?nal 
residual stream; a plurality of conveyors; means 
for substantially continuously separating the size 
constituents of said ?nal sample stream from 
each other and for delivering same to said con 
veyors, respectively; a plurality of scales op— 
eratively connected to said conveyors, respective~ 
ly, for measuring the weights of the size constitu 
ents of said ?nal sample streams thereon, re~ 
spectively; and control means operatively con 
nected to said scales, respectively, and to said 
variable-speed discharge means, respectively, for 
varying the speeds of said discharge means in— 
versely with deviations in the indications of said 
scales from prescribed values so as to maintain 
said indications of said scales substantially equal 
to said prescribed values. 

16. An apparatus according to claim 15 wherein 
each of said variable-speed discharge means in 
cludes a variable-speed electric motor, said con 
trol means including means for varying the 
speeds of said electric motors. 

17. In an apparatus for regulating the propor 
tions by weight of the size constituents of a ma 
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t'erial having a plurality of size constituents-the 
combination of: means for dividing the material 
into a sample and a residue; means for separat 
ing the size constituents of said sample from each. 
other; a plurality of variable-speed proportion 
ing means for mixing the separated size con~ 
stituents of said sample in variable proportions 
with said residue; and means, including a plural 
ity of scales operatively connected to said vari 
able-speed proportioning means, for varying the i - 
speeds of said proportioning means inversely with 
deviations in the proportions by weight of the 
size constituents of the original material from 
prescribed values. 

18. In an apparatus for proportioning the con 
stituents of a multiple-constituent material, the 
combination of : adjustable means for dividing 
the material into a variable sample and a variable 
residue; means for separating the constituents 
of said sample from each other; separate storage 
bins for the separated constituents of said sam 
ple; means for conveying the constituents from 
said separating ‘means to said storage bins, re 
spectively; means for mixing variable proportions 
of the stored constituents of said sample with said 
residue; means for varying the proportions of 
the stored constituents of said sample which are 
mixed with said residue inversely with deviations 

the proportions of the constituents of the oriai— 
nal material from prescribed values so as to main- , 
tain the proportions of the constituents of the 
resulting mixture substantially canal to said pre 
scribed values; and means responsive to the 
amounts of the stored constituents in said storage 
vbins and operatively connected to said adjustable 9' 
dividing means for regulating the proportions of 
said sample and said residue. 

19. In an apparatus for regulating the proper 
tions of the constituents of a multiple-constituent 
material, the constituents being separated from 
each other, the combination of: means for mixing 
variable proportions of the separated constituents 
together; and control means responsive’ to the 
proportions of the mixed constituents and opera- 
tively connected to said mixing means for Varying 
the proportions of the separated constituents 
which are mixed together as inverse functions of 
deviations in the proportions of the constituents 
from prescribed values. 

20. In an apparatus for regulating the propor- ,1 
tions of the constituents of a multiple-constituent 
material, the constituents being separated from 
each other, the combination of: means for mixing 
variable proportions of the separated constituents 
together; means for dividing the resultant mix- , 
ture into a sample and a residue; means for sepa 
rating the constituents of the sample from each 
other; means for measuring the proportions of 
the separated constituents of the sample; and 
control means operatively connected to said meas 
uring means and said mixing means for varying 
the proportions of the original separated con 
stituents which are mixed together inversely with 
deviations in the measurements of the proportions 
of the separated constituents of the sample from 
prescribed values so as to maintain the measure 
ments substantially equal to said prescribed 
values. 

21. In an apparatus for regulating the propor 
tions of the constituents of a multiple-constituent 
material, the constituents being separated from 
each other, the combination of: proportioning 
means for mixing variable proportions of the sep 
arated constituents together to obtain a mixture 
thereof; splitting means receiving the mixture 
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from said proportioning means for diViClil'lg- the; 
mixture into a sample and a residue; means for 
separating the constituents of the sample from 
each other; means for conveying the sample to 
said separating means; receptacles for the respec-. 
tive separated constituents derived from the sam 
ple; means for conveying the separated constit 
uents derived from the sample from said separat 
ing means to said receptacles, respectively; quan 
tity responsive means including indicating de 
vices operatively connected to said receptacles 
and responsive to the quantities of the materials 
therein; and control means operatively connected 
to said indicating devices and to said proportion 
ing means for varying the proportions of the orig 
inalseparated constituents which are mixed to 
gether inversely with deviations in the measure 
ments of the proportions of the separated constit 
uents of the sample from prescribed values so as 
to maintain said measurements substantially 
equal to said prescribed values. ' 

22. An apparatus as de?ned in claim 21 where 
in said proportioning means includes variable 
rate feeding means for the respective original sep 
arated constituents, and wherein said control 
means includes servo-mechanisms connecting 
said indicating devices to said variable-rate feed 
ing means. 

23. In an apparatus for regulating the propor 
tions of the constituents of a multiple-constituent 
material, the constituents being separated from 
each other, the combination of: storage bins for 
the respective constituents; proportioning means 
for mixing variable proportions of the separated 
constituents together, including variable-rate 
feeding means communicating with said storage 
bins, respectively, for feeding the stored constitu 
ents therefrom at variable rates; and control 
means responsive to the proportions of the mixed 
constituents and operatively connected to said 
variable-rate feeding means for varying the feed 
ing rates of the stored constituents as inverse 
functions of deviations in the proportions of the 
constituents from prescribed values. 

24. In an apparatus for regulating the propor 
tions of the constituents of a multiple-constituent 
material, the constituents being separated from 
each other, the combination of: storage bins for 
the respective constituents; proportioning means 
for mixing variable proportions of the separated 
constituents together, including variable-rate 
feeding means communicating with said storage 
bins, respectively, for feeding the stored constitu 
ents therefrom at variable rates; means receiving 
at least a sample of the mixture produced by said 
proportioning means for separating the constitu 
ents of the sample from each other; measuring 
devices receiving the separated constituents of the 
sample from the separating means for measuring 
the proportions of the constituents of the sample; 
and control means operatively connected to said 
measuring devices and said variable-rate feeding 
means for varying the feeding rates of the stored 
constituents as inverse functions of deviations in 
the proportions of the constituents from pre 
scribed values. 
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