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This invention relates to centrifugal separation 
and has for its object to provide an improved 
method and apparatus for standardizing the con 
centration of a constituent of a centrifugally 
separable product by automatically regulating 
one of the separating conditions. 1 
In the preferred practice of the invention, a 

part of the centrifugally separated constituent is 
recentrifuged in a pilot separator, thereby sepa 
rating it into an e?luent and a more highly con 
centrated constituent. Light from a source of 
predetermined intensity is directed through the 
contents of the pilot centrifuge chamber upon a 
light sensitive element, preferably in a direction 
generally parallel to the chamber axis of rotation 
and in the vicinity of the “neutral zone” in the 
chamber. In this way, small changes in the con 
centration oi’ the constituent fed to the pilot cen-. 
trifuge will cause greater changes in the quantity 
of light transmitted through the contents of the 
pilot chamber to the light-sensitive element, due 
to the high concentration of the constituent in 
the region where the light is transmitted. 
The pilot centrifuge is preferably provided with 

a separating bowl having top and bottom walls of 
transparent material, the bowl also having a 
central inlet for the feed and separate outlets at 
different radii for the separated e?luent and con 
centrated constituent, respectively. The. light 
source and the light-sensitive or photo-sensitive 
element may then be arranged in stationary posi 
tions outside the bowl, so that the light is di 
rected upon’one of the transparent walls and is 
emitted from the other wall in passing to the 
light-sensitive element. 
The signals or indications from the photo 

sensitive element may be used to control the rate 
of feed to a primary centrifuge of the “open” type 
having free discharge for both separated con 
stituents. However, when the primary centri 
fuge is of the "closed” type having the discharge 
of at least one of the constituents opposed by a 
variable resistance, the photo-sensitive element 
should be arranged to control the variable resist 
ance in the constituent outlet. 
For illustrative purposes, the invention will be 

described in connection with standardizing the 
butter fat content of cream, although it is to be 
understood that the invention may be used as well 
for treating other products having a centrifugal 
ly separable constituent whose concentration is 
to be standardized. 
In dairy practice, the cream is usually stand 

ardized to a fat content of approximately a pre 
determined proportion, depending upon the use 
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for which the cream is intended. This standard 
izing operation is important because the butter 
fat is by far the most valuable constituent of the 
product. ' Heretofore, it has been common prac 
tice to concentrate the cream as closely as pos 
sible to the desired fat content by centrifugally 
separating skim milk from the cream, the cen 
trifugal separator being so adjusted at the outlets 
for the separated skim milk and cream constitu 
ents that the discharged cream will have approxi 
mately the desired fat content. It is well known, 
however, that cream separators of the centrif 
ugal type are sensitive to variations in feed rate, 
temperature of the feed, and back-pressure at 
either of the separated constituent outlets. These 
variations in external conditions often occur in 
the dairy, and accordingly it is necessary to re 
adjust the centrifugal separator frequently to 
compensate for them. Such readjustments are 
objectionable not only because of the demands 
upon the operator but also because it is not al 
ways possible, due to the human element, to ob 
tain in the discharged cream a fat content within 
the desired limits. Consequently, after the cen 
trz'fugal separating operation, it is often neces 
sary to eil'ect an additional adjustment of the 
fat content of the cream, as by adding heavier 
cream or skim-milk, to avoid an insu?iciency or 
excess of butter fat. 
A more specific object of the present inven 

tion, therefore, resides in the provision of an 
improved process by which the centrifugally sepa 
rated cream is standardized automatically and 
accurately within the desired limits, with respect , 
to the fat concentration, and a novel apparatus 
by which the process can be practiced expedi 
tiously. 
According to a preferred form of the invention 

as applied to the standardizing of cream, the milk 
or partly concentrated cream is fed to a primary 
centrifuge of the “closed” type having the dis 
charge of the cream opposed by a variable resist 
ance, such as a valve, and wherein skim milk is 
removed and discharged separately from the 
cream. Part of the discharged cream is then fed 
to a pilot separator wherein variations of the 
light-transmitting ability of the cream are de 
termined. This determination is'effected auto 
matically by passing light from a source of pre 
determined intensity through the cream and up 
on a light-sensitive element, such as a photo-cell. 
The light-sensitive element, in turn, is connected 
to the valve or other variable resistance and op 
erates to vary this resistance in accordance with 
changes in the amount of light transmitted by 



2,542,450 
3 

the discharged cream to the photo-sensitive ele 
ment. That is, when the discharged cream pass 
ing to the light source has a fat content above the 
desired proportion, the additional fat globules 
will reduce the amount of light transmitted to 
the light-sensitive element, which will cause op 
eration of the variable resistance to decrease the 
resistance to discharge of cream from the cen 
trifuge, thereby reducing the fat content of the 
discharged cream. when this fat content be 
comes too low, a reverse operation is effected. 
Thus, the fat content of the discharged cream is 
automatically maintained substantially constant, 
irrespective of variations in the external condi 
tions affecting the centrifuge. 
When it is desired to standardize milk by re 

moving excess cream, the feed to the pilot cen 
trifuge is derived from the standardized milk dis 
charged from the primary centrifuge, rather than 
from the discharged cream. 
For a better understanding of the invention 

reference may be had to the accompanying draw 
ings, in which 

Fig. l is a schematic view of a preferred form 
of the new apparatus, showing in vertical section 
the pilot centrifuge and light-responsive device 
for determining variations in the light transmit 
ting ability of the discharged cream; 

Fig. 2 is an enlarged vertical sectional view of 
part of the apparatus illustrated in Fig. 1, show 
ing the valve arrangement for varying the resist 
ance to discharge of the separated cream from 
the primary centrifuge, and 

Fig. 3 is a schematic view of the electrical cir 
cuits for adjusting the regulating valve under 
control of the photo-sensitive element. 
The apparatus as illustrated comprises a cen 

trifugal separator 10 which is preferably of the 
“air-tight" type wherein the centrifugal bowl has 
inlet and outlet connections closed to the atmos 
phere. The milk or partly concentrated cream 
is fed to the centrifuge through a supply pipe II, 
and the skim milk and the standardized cream 
are discharged separately through outlets i2 and 
I3, respectively. The cream discharge is pro 
vided with a regulating device, shown generally 
at M, by which the resistance to discharge of the 
separated cream from the centrifuge bowl may 
be varied. The regulating device It may be of 
the type disclosed in Patent No. 2,145,544 of C. H. 
Hapgood, dated January 31, 1939. As shown par 
ticularly in Fig. 2, the device H comprises a ver 
tical pipe l5 located on top of the cover 10' for 
the centrifuge frame, above the skim milk out 
let l2. The pipe I! is secured to the frame cover 
by a threaded ring I B and communicates through 
a central passage I‘! in the cover, and through the 
usual tightening device or seal (not shown), with 
‘the cream outlet from the rotating bowl. Inter 
posed between the pipe I! and the passage I1 is 
a valve seat ll having a centrally depressed por 
tion l8lk provided with valve openings it”. A 
valve member in the form of a disc I9 normally 
engages the top of the seat It and has a central 
opening through which the reduced end 20 of a 
stem 2| extends, the lower part of the extension 
20 being guided in a central opening in the de 
pressed part of the valve seat. Separated cream 
from the centrifugal bowl is adapted to flow up 
wardly through passage l1 and openings IIb and 
lift the valve disc l9, due to the discharge pres 
sure of the cream, whereby the latter flows out 
wardly around the periphery of disc l9 and up 
through the pipe It, ?nally passing through the 
outlet ll. 
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A ?exible diaphragm or membrane 28 is dis 
posed at the upper end of pipe II where it is 
clamped in position by a superimposed casing 24, 
the parts 24 and It being held together by a 
threaded ring 25. The stem 2| fits closely in a 
central opening in diaphragm 22 and at its upper 
end engages a plunger 2|‘ slidable in the bottom 
wall 24' of casing 24. The plunger 2|‘ is urged 
downwardly by a compression spring 28 coiled 
around the lower end of a threaded shaft 21, the 
upper end of the spring engaging a shoulder on 
the shaft. Thus, the spring acts to depress the 
plunger, the stem 2| and diaphragm 23, so that 
the shoulder near the lower end of the stem holds 
the valve it against its seat with a yielding re 
sistance to the discharge of cream. The shaft 
21 extends upwardly through a central opening 
in a horizontal wall 24” in the casing and through 
an upwardly extending hollow boss 2M on the 
horizontal wall. Within the boss 24°, the shaft 
21 is provided with a vertical groove 21' into 
which a pin 28 projects from the boss. 
The shaft 2‘! is adjustable vertically in boss 24° 

by means of a worm wheel 30 having internal 
threads mating with the external threads at the 
upper portion of the shaft. The worm wheel 30 
is held against the top of boss 24° by a collar 3! 
surrounding the shaft and interposed between 
the worm wheel and the closed upper end of cas 
ing 24. An extension 21b of the shaft projects 
upwardly through. a central opening in the top 
of casing 24, for a purpose to be described pres 
ently. The worm wheel 30 meshes with a worm 
32 mounted on a horizontal shaft 32 extending 
through the casing wall from a reversible elec 
tric motor 34 adapted to be energized from the 
line conductors II, 35‘. 

It will be understood that when motor ll rotates 
in one direction, the worm wheel 30 will be driven 
so as to elevate the shaft 21, which is held 
against rotation by the pin 28 in groove 21‘. As 
a result, the force of spring 26 against plunger 
2i‘ and valve disc ID will be reduced, thereby 
reducing the resistance to discharge of the sepa 
rated cream constituent from the centrifugal 
bowl. This, in turn, will cause a larger amount 
of skim milk to discharge with the cream through 
outlet ll, so as to reduce the proportion of butter 
fat in the cream. Conversely, when motor 24 is 
rotated in the opposite direction, the threaded 
shaft 21 will be lowered to impose additional 
compression in spring 26 and thus increase the 
resistance to discharge through cream valve It, 
whereby the proportion of butter fat in the cream 
from outlet is will be increased. 
This discharged cream from outlet It passes 

through a cream line 36 from which a branch 
bleeder line 3‘! extends to a pilot centrifuge It. 
As shown in Fig. 1, the centrifuge 3| comprises 
a centrifugal bowl 39 made of transparent ma 
teriai, such as a plastic. The bowl 3!, which may 
be formed by molding the plastic, is provided 
with a separating chamber 40 and an axial 
spindle ll by which the bowl is supported and 
rotated in a suitable frame (not shown). A neck 
42 projects upwardly from the bowl I9 and has 
a central inlet passage 42 for receiving the cream 
from the bleeder line 31, the cream ?owing down 
wardLv through passage 43 and outwardly through 
passages 44 into the separating chamber. The 
cream entering chamber 470 is centrifugally sep 
arated into an outer annulus of skim milk and 
an inner annulus of cream. Cream from the 
inlet annulus is constantly discharged from the 
separating chamber through an outlet 
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45 leading upwardly through neck 42 to a sta 
tionary collecting cover 46 having a discharge 
spout 46“. The separated skim milk is discharged 
from the vouter part of chamber 48 through 
a passage 41 extending upwardly within the neck 
42 to cover 46, from which the skim milk is dis 
charged with the cream through spout 46“. The 
cream discharge may be adjusted by a regulat 
ing screw 48 near the discharge end of passage 
41. 
.The pilot bowl 38 is of the “ratio" type de 

signed to allow “run ahead” of the separated 
constituents in their discharge from the separat 
ing chamber. 
Adjacent the bowl 39 is an opaque casing 58 

having a horizontal partition 5|]a dividing the 
easing into two compartments. In the upper 
compartment is a light source 5|, which may be 
an incandescent lamp, from which light passes 
through a small opening or slit 5|“ in the casing 
58. The light emitted from opening 5|“ is con 
ducted by a light-transmitting member 52, which 
may be made of Lucite, or the like, to the wall 
forming the top of separating chamber 48. A 
similar light-transmitting member 53 islocated 
below the bowl 39 in position to receive light 
transmitted through the separating chamber 
from the member 52. The light received by mem 
ber 53 passes through a small opening or slit 53“ 
in the lower part of casing 58 and impinges 
upon a photo-sensitive element 54, such as a 
photo-cell, arranged in the lower compartment of 
the casing. The photo-sensitive element,“ is 
connected to an electrical control system, indi- ' 

I cated generally at 55 in Fig. 1, by wires 56, the 
system 55 in turn being connected to the re- 
versible electric motor 34 to e?ect adjustment 
of the regulating device H. 
The details of, the electrical control system 55 

are illustrated in Fig. 3. As there shown, the 
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wires 56 connect the photo-cell in circuit with ' 
the actuating coil 51“ of a micro-ammeter 51 
having the usual pointer 58. At opposite sides 
of the pointer 58 are stationary permanent mag 
nets 59 and 59“ which are so arranged that when 
the pointer swings in either direction from its 
central position, due to a variation in the cur 
rent through wires 56 from the photo-cell, the 
adjacent magnet will attract armature 58“ on 
the pointer and hold the latter against the mag 
net. Assume that the pointer 58 swings to the 
left due to a decrease in the fat content in sep 
arating chamber 48 and a consequent increase 
in the amount of light received by photo-cell 54 
(thus increasing the current ?owing through 
wires 56 and the ammeter). The pointer will 
then be attracted to and held against magnet 
59 so as to engage contact 68. As a result, a 
circuit will be established from one side 35 of 
the current source through wire 6|, terminal 
62, arm 58, contact 68, wire 63, relay 66 and wire 
61 to the other side 35“ of the current source, 
so that the relay 66 is connected across the line 
35-35“. As a result, the relay 66 will operate 
switch 68 so as to engage the switch arms 69 and 
18 with contacts 1| and 12, respectively. A cir 
cuit will then be established from conductor 35“ 
through the lower ?eld winding 34“ of the motor, 
wire 13, contact 12, switch arm 19, wire 14, the 
rotor 34b of the motor, wire 15, switch arm 10“, 
contact 16“, wire 65, switch 64 and the upper ?eld 
winding 34“ to conductor 35, thus causing the 
motor to drive shaft 33 in the direction for lower 
ing shaft 21 and increasing the proportion of 

45 

50 

55 

60 

butter fat in the cream discharged through out 
let I3. ‘ " 

Simultaneously with the energizing of motor 
34, another circuit is established from conductor 
35 through wires 6| and 11, contact 1|, switch 
arm 69, wires 18 and 88, slow-acting relay 8|, 
and wires 82, 83 and 61 to the other conductor 
35“. After a predetermined time interval (which 
may be in the order of one-half of a second) 
following the energizing of relay 8|, the latter 
closes switch 84-85 so as to energize the reset 
coil 86 associated with ammeter 51, the reset 
coil then returning the pointer 58 to its central 
position against the action of magnet 59. It 
will be understood that when the pointer 58 is 
returned to its central position, the contact 68 
is disengaged so as to de—energize relay 66, where 
»upon switch 68 returns to its initial position so 
as to de-energize the motor 34 and the slow 
acting relay 8|. 
When the fat content of the cream discharged 

through outlet I3 exceeds the predetermined 
proportion, the concentration of fat globules in 
pilot chamber 48 will quickly increase, this con 
dition being manifested by a tendency for the 
“cream" line in chamber 48 to move outwardly 
toward the separated skim milk constituent. As 
a result, the amount of light transmitted through 
chamber 48 from the light source 5| to the photo 
cell 54 will be correspondingly decreased, thereby 
decreasing the current ?owing through wires 56 
and ammeter~ 51. This will cause pointer 58 to 
swing to the right until it is attracted by and 
held against the other magnet 59“. Thereupon, 
a circuit will be established from conductor 36 
through wire 6|, arm 58, contact 68“, wire 63“, 
relay 66“, and wires 83 and 61 to the other con 
ductor 35“. Relay 66“ will then actuate switch 
68“ to cause the switch arms 69“ and 18“ to en 
gage contacts 1 I“ and 12“, respectively. A circuit 
will then be established from conductor 35“ 
through the lower ?eld winding 34“, wires 13 
and 88, contact 12“, arm 18“, wire 15, rotor 34“, 
wire 14, arm 18, contact 16, wire 89, switch 64“ 
and the upper ?eld winding 34“ to the other con 
ductor 35, thus causing the motor to operate in 
the reverse direction so as to raise shaft 21 and 
decrease the proportion of butter fat in the 
cream discharged through outlet l3. At the 
same time, another circuit is established from 
conductor 35 through wires 6| and 11“, contact 
1|“, contact arm 69“, wire 88, slow-acting relay 
8|, and wires 82, 83 and 61 to the other conduc 
tor 35“. After a predetermined time interval, the 
relay 8| will then close switch 84, 85 so as to 
energize the reset coil 86 and return pointer 58 
to its central position, as previously described, 
whereupon relay 66“ will be de-energized so as to 
open the circuits through motor 34 and relay 8|. 
Due to the permanent magnets 59, 59“ and the 

reset coil 86 with its slow-acting relay 8|, the 
motor 34 will be energized for a predetermined 
time interval whenever pointer 58 is displaced 
from its central position in response to an excess 
or insu?iciency of butter fat in pilot chamber 40. 
If the control system should have a tendency to 
“hunt," the effective delay produced by slow 
acting relay 8| may be enhanced by connecting 
a condenser 81 in parallel with the reset coil 86. 
In order to prevent extreme movements of the 

threaded shaft 21, with consequent damage to 
the cream valve regulating mechanism, the ex 
tension 21b of the shaft is provided'with a cam 
98 adapted to actuate plungers 9| and 92 asso 
ciated with switches 64 and 64“, respectively. 
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when the shaft :1‘ reaches its desired upper 
limit, the cam it operates plunger 02 to open 
switch 84' and de-energize the motor “,and 

. when the shaft 21 reaches its desired lower limit, 
the cam it operates plunger II to open switch 
64 and de-energize the motor. 

It will be apparent from the foregoing that 
the method and apparatus of the present inven 
tion provide a completely automatic control of 
the fat content of cream discharged from the 
primary centrifuge through line it, so that the 
discharged cream will be standardized to a pre 
determined fat content within close limits, re 
gardless of variations in the fat content of the 
feed to the primary separator through supply 
line II, or other external conditions. By accu 
rately positioning the opening Ii- for the light 
from lamp Ii, and by selecting a suitable con 
?guration for the light-transmitting member II, 
the light may be directed through the pilot sepa 
rating chamber 40 in a closely con?ned path lo 
cated approximately at the "cream line" divid 
ing the separated cream and skim milk constit 
uents within chamber ll. Thus, when the 
“cream line" moves outwardly or inwardly in 
chamber 40 due to an increase or decrease. re 
spectively, in the fat content in the lines a and 
31. the relatively opaque cream constituent will 
immediately intercept some of the light rays or 
allow additional light rays to be transmitted, de 
pending upon the direction of movement of the 
“cream line." Instead of limiting the light trans 
mission through chamber 40 to a closely con 
fined path, the opening II. and member 52 may 
be arranged to direct the light through the 
chamber in a relatively wide path in the vicinity 
of the "cream line," whereby the light transmit 
ted to photo-cell 64 will represent an average of 
the light transmitting ability (and therefore the 
fat content) of a substantial portion of the con 
tents of chamber It. The latter arrangement, 
that is, scanning a relatively wide path in the 
vicinity of the cream line, is preferred since it 
provides a continuously variable control by 
means of the electrical circuit through the pho 
to-cell and micro-ammeter. The closely con 
fined or “pin-point" light circuit, on the other 
hand, provides a more "on and of!” type of con 
trol and will operate best with a polarized relay 
in place of the micro-ammeter. In either case, 
the pilot centrifuge 3|, by continuously concen 
trating the butter fat in the standardized cream 
sample, makes the photo-cell It more sensitive 
to changes in the fat content of the standardized 
cream. 
In practice, the regulating screw ll of the pilot 

separator is adjusted for the approximate fat 
content desired‘. This adjustment will cause the 
"cream line" in the pilot centrifuge to be posi 
tioned at the approximate center of the scan 
ning area in the bowl at a certain throughput 
rate of a certain fat content feed to the bowl. 
Thereafter, the only necessary adjustment by the 
operator is the adjustment of the current flow 
,in the circuit of the photo-cell and micro 
ammeter, and this may be effected by a variable 
resistance (not shown) in the circuit. By means 
of the latter adjustment, when the standardized 
product has the desired fat content, sumcient 
current will flow through the circuit to position 
the micro-ammeter pointer at the mid-point of 
its scale. For example, if the meter scale 
should read from 0 to 10 microamperes, the cur 
rent flow should be adjusted to 5 microamperes 
at the desired fat content. In the following 

claims, the term "neutral," as applied to the 
positionof the pointer or movable member of 

‘ the micro-ammeter or other electromagnetic de 
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vice. is intended to denote its position at the 
center or mid-point of its range of movement. 
The invention may be used for standardizing 

not only whole milk and cream but also various 
milk products, such as cheese mixes, butter, ice 
cream, condensed milk and evaporated milk. In 
fact, the invention may be used for standardizing 
any mixture with respect to the concentration of 
a centrifugally separable ingredient thereof, 
where the light-transmitting ability of the mix 
ture varies in accordance with such concentra 
tion. 
When the invention is to be used for standard 

izing whole milk, the bleed line 31 to the pilot 
centrifuge will be connected to the standardized 
milk discharge line from outlet l2, instead of the 
cream discharge line 36 carrying the surplus 
cream. In other words, the bleed line is arranged 
to convey a sample of whichever discharge (from 
the primary centrifuge) is to be standardized. 
For some purposes the regulating device ll, in 
stead of controlling the lighter discharge, may be 
arranged to control the heavier discharge through 
outlet II, or to control the feed through pipe II 
when the primary centrifugal bowl is of the 
"open" type in which the rate of feed in?uences 
the concentration of the cream or other sepa 
rated constituent. In separating oil from water, 
for example, with a "balanced column" type of 
primary centrifugal bowl, part of the unwanted 
constituent (water discharge) may be piped to 
the pilot centrifuge; and the regulating device It 
may be arranged to control the rate of feed 
through pipe I I, or to control the discharge pres 
sure on the wanted constituent (oil) when the 
primary bowl is of the “hermetic" type. 
The pilot centrifuge, of course, may be of any 

desired construction in which, for a given rate of 
' feed to the pilot bowl, the inner annulus forming 
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the lighter separated constituent in the bowl will 
expand outwardly as the proportion of the lighter 
constituent in the feed increases, and will con 
tract inwardly as this proportion decreases, so 
that the photo-sensitive element will respond to 
either an increase or a decrease in the concentra~ 
tion of the butter fat or other centrifugally sep 
arable constituent in the feed. While I have 
shown the light source and the photo-cell ar 
ranged outside the pilot bowl and stationary, they 
may be disposed in the bowl chamber so as to 
rotate therewith (the electrical connections being 
made through brushes, or the like, on the bowl 
shaft), in which case it is unnecessary to provide 
transparent walls for the bowl. Also, instead of 
directing the light through the pilot chamber 
parallel to the bowl axis and between the radially 
displaced outlets for the respective separated con 
stituents, the light source and photo-cell may 
be arranged so that the light is directed radially 
through the annulus forming one of the sepa 
rated constituents in the pilot chamber, whereby 
radial expansion or contraction of this annulus in 
response to changes in the concentration of the 
cream or other feed to the pilot bowl will vary 
the amount of light transmitted to the photo 
cell. For illustrative purposes, the pilot cen 
trifuge is shown in Fig. 1 as being larger than 
the primary centrifuge, although it will be under 
stood that the pilot centrifuge will normally be 
considerably smaller than the primary centrifuge. 

I claim: 
1. Apparatus for automatically maintaining 
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substantially constant the concentration of the 
separated constituent discharged from one of 
the outlets of a centrifugal separator, which com 
prises a device connected to the separator for 
regulating the concentration of said last con 
stituent, a pilot centrifuge having a centrifugal 
separating chamber and a light source for sup 
plying light rays to the chamber, a duct leading 
to the pilot centrifuge from one of said outlets 
for conveying at least part of the discharge there 
from to said chamber, a photo-cell coacting with 
the light source to receive light rays passing 
through the chamber from said source, the in 
tensity of the light received by said cell from 
the source being dependent upon the light-trans 
mitting ability of the content of the chamber 
where the light rays pass, and an operative con 
nection between said cell and the regulating de 
vice for actuating the device in accordance with 
the intensity of the light received by the photo 
cell, whereby said device counteracts changes in 
said concentration. ' 

2. Apparatus as de?ned in claim 1, in which 
the regulating device includ-s a valve in one of 
said outlets, and a regulating mechanism con 
nected to the valve for varying the position 
thereof to change the discharge pressure at said 
last outlet, said operative connection being con 
nected to the valve regulating mechanism. ' 

3. Apparatus as de?ned in claim 1, in which 
the regulating device includes a valve in the out 
let for the constituent whose concentration is 
to be maintained substantially constant, and a 
regulating mechanism connected to the valve 
for varying the position thereof to change the 
discharge pressure at said last outlet, said op 
erative connection being connected to the valve 
regulating mechanism. 

4. Apparatus as de?ned in claim 1, in which 
said duct leads from the outlet for the constit 
uent whose concentration is to be maintained 
substantially constant. 

5. Apparatus as de?ned in claim 1, in which 
said duct leads from the outlet for the constit 
uent whose concentration is to be maintained 
substantially constant, and in which the regu 
lating device includesa valve in one of the out 
lets for varying the resistance to discharge there 
through. 

6. Apparatus as de?ned in claim 1, in which 
the separating chamber of the pilot centrifuge 
has walls of light-transmitting material, the 
light source and the photo-cell being located 
outside said chamber. 

'7. Apparatus as de?ned in claim 1, in which 
the separatingchamber of the pilot centrifuge 
has top and bottom walls of light-transmitting 
material, the light source and the photo-cell be 
ing located outside said chamber and arranged, 
respectively, to deliver light to one of said walls 
and to receive light from the other wall. 

8. Apparatus as de?ned in claim 1, in which 
the separating chamber of the pilot centrifuge 
has top and bottom walls of light-transmitting 
material, the light source and the photo-cell 
being located outside said chamber, .a light 
transmitting member extending from the light 
source'to a point adjacent the outer face of one 
of said walls, and a light transmitting member 
extending to the photo-cell from a point adja 
cent the outer face of the other wall. 

9. Apparatus as de?ned in claim 1, in which 
said chamber has outlets for separated heavier 
and lighter constituents, respectively. 

10. Apparatus as de?ned in claim 1, in which 
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said operative connection includes a reversible 
electric motor connected to the regulating de 
vice, an electromagnetic device connected to the 
photo-cell and having a member movable to one 
side of a neutral position upon an increase in 
said light intensity above a predetermined nor 
mal intensity, and to the opposite side upon a 
decrease in said intensity below the predeter 
mined normal, a source of electrical energy, 
and means under control of said movable mem 
ber for connecting the source to said motor to 
drive the same in one direction upon movement 
of the member to said one side, and for con 
necting the source to the motor to drive the 
same in the opposite direction upon movement 
of the member to said opposite side. 

11. Apparatus as de?ned in claim 1, comprising 
also means for limiting the movement of the reg 
ulating device through said operative connec 
tion. 

12. Apparatus as de?ned in claim 1, in which 
said operative connection includes a reversible 
electric motor connected to the regulating de 
vice, an electromagnetic device connected to the 
photo-cell and having a member movable to one 
side of a neutral position upon an increase in 
said light intensity above a predetermined nor 
mal intensity, and to the opposite side upon a 
decrease in said intensity below the predeter 
mined normal, a source of electrical energy, 
means under control of said movable member 
for connecting the source to said motor to drive 
the same in one direction upon movement of 
the member to said one side, and for connect 
ing the source to the motor to drive the same 
in the opposite direction upon movement of the 
member to said opposite side, and means coact 
ing with said movable member for retaining the 
same on one side of its neutral position for a 
predetermined time interval after initial move 
ment of the member to said side. 

13. Apparatus as de?ned in claim 1, in which 
said operative connection includes a reversible 
electric motor connected to the regulating de 
vice, an electromagnetic device connected to the 
photo-cell and having a, member movable to one 
side of a neutral position upon an increase in 
said light intensity above a predetermined nor 
mal intensity, and to the opposite side upon a 
decrease in said intensity below the predeter 
mined normal, a source of electrical energy, 
means under control of said movable mem 
ber for connecting the source to said motor to 
drive the same in one direction upon movement 
of the member to said one side, and for connect 
ing the source to the motor to drive the same in 
the opposite direction upon movement of the 
member to said opposite side, and limit switches 
included in said connecting means and operable 
by the regulating device to disconnect the motor 
from the source. 

14. Apparatus for automatically maintaining 
substantially constant the concentration of one of 
the constituents separated in and discharged from 
a centrifugal separator, which comprises a device 
connected to the separator for regulating the 
concentration of said one constituent, a pilot cen 
trifuge having a centrifugal separating chamber, 
a duct leading to the pilot centrifuge from one of 
said outlets for conveying at least part of the dis 
charge therefrom to the pilot chamber, said 
chamber being adapted to separate said part cen 
trifugally into concentric annuli having relatively 
high and low concentrations, respectively, of said 
one constituent, the chamber having separate 
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outlets for discharge {mm the respective annuii, 
means coasting with the pilot centriiuge and re 
sponsive to variations in the relative volumes of 
said annuii in the chamber, and an operative con 
nection between said means and the regulating 
device for actuating the device to counteract said 
variations. 

15. In combination with a centrifugal separa 
tor having two discharge outlets, one for each of 
the separated constituents, an apparatus for con 
trolling the concentration of one of said constitu 
ents, which comprises a device for throttling the 
discharge of the concentrated constituent, a pilot 
centrifugal separator, a feed line from said first 
separator to the pilot separator through which a 
portion of said discharged concentrated constitu 
ent is led, the pilot separator being operable to 
separate said portion into two components in 
concentric annuii and having outlets for the con 
tinuous discharge of said components, and means, 
responsive to changes of the zone of division be 
tween said annuli, for operating the throttling 
device to control the amount of said throttling. 

16. A method for standardizing the concentra 
tion of one of the constituents separated in and 
discharged from a locus of centrifugal force, 
which comprises opposing the discharge of one of 
the constituents with a variable resistance, con 
tinuously feeding from said locus to another locus 
of centrifugal force at least part of the dis 
charged constituent whose concentration is to be 
standardized, centrifuging said part in the second 
locus to separate said part into constituents hav 
ing relatively high and low concentrations, re 
spectively, continuously discharging said last 
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separated constituents from the second locus. 
passing light at constant intensity through the 
second locus in a direction generally parallel to 
the rotation axis thereof and in a region where 
changes in the relative amounts of said last sepa 
rated constituents will vary the amount of light 
transmitted through the second locus, and vary 
ing said resistance in accordance with variations 
in the amount of light transmitted through the 
second locus. 

17. A method as defined in claim 16. in which 
said variable resistance opposes the discharge of 
the constituent whose concentration is to be 
standardized. 1 
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