
3,532,264 C. L. AMERO 

CENTRIFUGAL SEPARATION APPARATUS 

0a. 6, ‘1970 

4 Sheets-Sheet 1 Filed Oct. 15, 1968 

mm 

Om 

\\\ 
\\ 

\ 

vm “ 

I.“ \ 

_ S 

-- H 8mm m 

om wmwv 

mm mm 8 Q Q 

Q Q» 

3 

mm 







Oct. 6, 1970 

Filed Oct. 15. 1968 

C. L. AMERO 

CENTRIFUGAL SEPARATION APPARATUS 

3,532,264 

4 Sheets-Sheet 4 

300\ 
\30I 3|3—-" "BIZ 

- 310" 
350 / 

353 ‘ 3|5 

\ 

I_ __C 343 342 T > 
/ 3:8 

323 32% 32h *tf, 
/352 355/“ /354 >320 

I (370 D B“ A“ 
37|\ II - 

3e4-\ 
v .- lL-AIQ (g) 

356 360 —>\ Z) \{5 II; II’B 
_\ 326 

357 / . 365 , 32?\£__ 
. . 324/ >—— 

, 328~ I30/ 358 362A l___ 
338 334 
339 33s 335 
340 ' 

RAISE LOWER 
POOL POOL 

FIG 4 94 

E 0 

34s 

345 DECREASE 
CHEMICAL 

I58 

INCREASE 
CHEMICAL 



United States Patent Office 3,532,264 
Patented Oct. 6, 1970 

1 

3,532,264 
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ABSTRACT OF THE DISCLOSURE 

Centrifuges of the continuous type, having a solid 
bowl portion to which the slurry is fed to form a pool, 
are provided with means for automatically adjusting the 
pool depth under the control of signals from a con 
sistency analyzer for one of the fractions separated by 
the centrifuge, or under the interrelated control of sig 
nals from consistency analyzers for two or more such 
fractions, which signals may also be applied to control 
the rate of addition of a chemical to the slurry. 

This invention relates to centrifugal separation ap 
paratus for separating solids from a liquid slurry there 
of. More particularly the invention concerns such ap 
paratus which includes one or more centrifuges of the 
type which have an imperforate rotary bowl portion to 
which the slurry is fed to form a pool, a conveyor rotat 
able within and relative to this bowl portion to dis 
charge continuously therefrom a slurry fraction contain 
ing solids which segregate toward the bowl under the 
centrifugal force, and an outlet for continuously remov 
ing another slurry fraction containing solids which do 
not sufliciently so segregate. 
The object of the invention is to provide such centri 

fuges with control equipment for automatically regu 
lating the operation thereof to maintain the same at or 
close to maximum effectiveness and ef?ciency of solids 
separation, despite ?uctuations in feed rate, concentra 
tion and/or composition and with a minimum of chemi 
cal addition, if chemical is needed to assist the separa 
tion. 
The invention features mechanism for regulating the 

depth of the slurry pool within the centrifuge bowl which 
is automatically actuated under the control of con 
sistency analyzing equipment for one or more of the frac 
tions separated by the centrifuge. It has been discovered 
that for many centrifuge applications pool depth regu 
lation is extremely important and may even be critical to 
satisfactory operation of the centrifuge, affecting the 
solids content of all solids fractions separated which are 
normally two in number, that which contains the solids 
separating toward the bowl, termed herein the “solids 
fraction,” and the remaining fraction termed herein the 
“effluent fraction,” although three or more fractions may 
be separately collected. The usual effect of increasing 
pool depth is to increase the amount of the ?ner, lighter 
solids which are removed in the solids fraction. This in 
turn normally decreases the consistency of the solids frac 
tion or, in other words, provides a wetter cake. Decreas 
ing the pool depth ordinarily has the opposite effects. 
Pool depth regulation is therefore an effective tool with 
which the solids consistency of these fractions can be con 
trolled. 

Centrifuges equipped for manual pool depth adjust 
ment while the centrifuge is running are commercially 
available, one such being disclosed in Cook U.S. Pat. 
No. 3,279,688, issued Oct. 18, 1966, wherein a skimmer 
which removes the eflluent fraction is manually adjust 
able to vary the pool depth. These are usually adjusted 
at start up to provide a pool depth satisfactory with the 
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feed then coming to the machine and simply left in that 
condition until some ?uctuation in feed rate, consistency 
or composition, or some other variable, causes the cen 
trifuge to operate unacceptably at this setting. By the 
time a new and satisfactory adjustment can be made un 
pleasant consequences may have occurred in subsequent 
operations dependent on consistency within certain 
limits of an output fraction of the centrifuge. Even the 
few plants that maintain substantially constant manual 
supervision over centrifuge operation, with periodic con 
sistency analyses as guides, have great di?iculty in main 
taining a pool adjustment which is satisfactory as feed 
conditions ?uctuate. 
Where it is important to maintain the consistency of 

the solids fraction within a predetermined range, as it 
usually is, I prefer to control the automatic operation 
of the pool level adjustment mechanism at least pri 
marily by signals from a consistency analyzer which is 
capable of determining and signaling the consistency of 
the solids fraction, or a representative portion thereof, 
preferably on a continuous basis. If consistency of the 
solids fraction is the only consideration, such automatic ' 
system will adjust the pool depth at start up to a set~ 
ting which then produces a solids fraction within the 
‘desired consistency range, and automatically changes 
the depth to maintain that consistency despite fluctua 
tion of the variables. However, the solids consistency of 
the other fraction or fractions is usually important too 
and is also affected by changes in the pool depth. Hence 
preferred apparatus according to the invention also in 
cludes an analyzer for another fraction, the effluent 
fraction being the only other fraction usually involved, 
this analyzer being also capable of determining and sig 
naling consistency of the fraction or a representative 
sample thereof. These latter signals may be used to 
modify pool level adjustment in a direction which will 
provide a more desirable consistency in the other frac 
tion so long as the solids fraction consistency remains 
within the desired limits. This arrangement, in which the 
solids fraction analyzer has primary control to maintain 
that fraction at desired consistency, is preferred except in 
cases in which consistency of that fraction is relatively 
unimportant. In such cases, the other analyzer may exert 
a more primary role. 

in many cases addition of chemical to the slurry is 
required, either periodically or regularly, to assist the 
centrifuge in making the required separation. Such chem 
ical, usually one or more of the many ?occulants which 
are commercially available, functions to cause ?oc for 
mation in the ?ne, light particles, which ?oc is more read 
ily separated into the solids fraction by the centrifugal 
force. This not only reduces the solids consistency of the 
other fraction 'but it also often produces a lower consist— 
ency, wetter solids fraction. ‘In cases Where chemical 
is used, the invention preferably provides means for auto 
matic regulation of the chemical feed rate under the con 
trol of both analyzers, with substantial bene?ts in main 
taining feed of expensive chemical at a minimum con 
sistent with all requirements of centrifuge performance. 
The invention will now be more particularly described 

with reference to the accompanying drawings of preferred 
embodiments, wherein: 

FIG. 1 is a view partly in vertical section partly in side 
elevation with parts broken away of a centrifuge of the 
type concerned equipped with pool level adjustment mech 
anism according to FIGS. l-3b of said Cook Pat. 
3,279,685, with certain modi?cations and additions for 
purposes of enabling controlled operation of said adjust 
ment means and chemical addition in accordance with the 
present invention; ‘ 

FIG. 2 is a system diagram of a centrifuge such as that 
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of FIG. 1 connected to control equipment according to 
the present invention; 

FIG. 3 is a circuit digaram showing electric circuitry 
suitable for operating the apparatus of FIG. 2; 

FIG. 4 is a modi?cation of the circuit diagram of 
FIG. 3. 

Referring to FIG. 1, the centrifuge casing 10 has at 
one end a solids receiving and discharging compartment 
12. The centrifuge, of the solid bowl continuous type, has 
a bowl 14 which is cylindrical in part and frusto-conical 
toward the solids discharge end. One end plate of the 
bowl is fastened to a hollow drive shaft 16 ‘which is ro 
tated by suitable drive mechanism (not shown). The 
other end of the bowl is connected by a spider 18 to a 
hollow shaft 20 which is rotatably received in bearing 22 
mounted on suitable support structure 24. The conveyor 
has a hollow hub 26 to one closed end of which is con 
nected a drive shaft 28 rotatably mounted within shaft 
16 and rotated at a slight differential to the bowl speed 
in the same direction as the bowl through differential 
gearing (not shown) connected to shaft 16. The other end 
of hub 26 has a ?ange 30 provided with a sleeve which 
is rotatable on a bushing 32 in which is rotatably jour 
naled a sleeve 34 on bowl shaft 20. One or more con 
veyor blades 36 are secured to hub 26 and extend spiral 
ly around the hub substantially from end to end thereof 
and having the outer edge thereof close to the inner sur 
face of the bowl. 

Conveyor hub 26 is provided adjacent the frusto 
conical section of the bowl with a generally cylindrical 
chamber member 38 extending outwardly to the vicinity 
of the inner surface of the bowl and provided with inlet 
openings 40. A skimmer 42 with an inlet 44 has an annu 
lar ?ange 46 mounted on eccentric ?anges 48 on a sleeve 
50 which extends coaxially through bowl shaft 20 and 
is ?xedly connected to a cantilever support ring 52 on 
support structure 24. Skimmer 42 removes the effluent 
fraction from the pool and discharges it through ports 
54 into sleeve 50 from which it discharges through effluent 
pipe 56. The skimmer 42 is rotated on eccentric ?anges 
48 to adjust its distance from the bowl and consequently 
the pool depth by means of a block 58 on rotary feed pipe 
section 60 extending through sleeve 50‘ to a rotatable sup 
port 62, and by a gib and slide connection designated 
generally 64 which is fully shown and described in the 
aforesaid Pat. No. 3,279,688. Feed pipe section 60 has 
its outlet located in an end compartment 66 of conveyor 
hub 26. -It is rotated to adjust the skimmer and pool level 
by means of a worm gear 68 ?xedly mounted on rotatable 
support 62 and worm shaft 70 rotatably mounted in a 
gear housing 72. . 

The ‘structure so far described is disclosed in Pat. No. 
3,279,688 aforesaid to which reference may be had for 
a more detailed explanation. Modi?cations for purposes 
of the present invention include a collecting hopper 74 
mounted on a wall of solids discharge compartment or 
chute 12 in position to continually catch a representative 
portion of the discharging solids for analysis. Hopper 74 
discharges via outlet opening 76 to a pipe partially shown 
at 78 through which it is pumped through analyzing equip 
ment as will be hereinafter described, and returned to 
chute 12 by a pipe partially shown at 80. An outlet branch 
pipe partially shown at \82 is provided in ef?uent discharge 
pipe 56 through which a representative portion of the 
effluent is pumped to analyzing equipment as hereinafter 
described and returned to pipe ‘56 via a return pipe par 
tially shown at 84. 

Slurry feed pipe section 60 extends beyond rotatable 
support 62 and is rotatably coupled to one end of a fixed 
T-pipe ‘86 connected to a source of feed slurry (not 
shown). A smaller feed pipe ‘88 for ?occulant or other 
chemical extends through the other closed end of T-pipe 
86 and is rotatably coupled to a section 88’ which extends 
coaxially through pipe 60 to an outlet in the wall of pipe 
60 into a chamber 90 in conveyor hub 26 immediately 
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adjacent slurry feed chamber 66 and provided with noz 
zles 92 for discharging the chemical to the slurry pool 
in the bowl. The hand wheel shown in Pat. 3,279,688 for 
operating worm shaft 70' has been replaced with a reversi 
ble electric motor with reduction gearing, indicated gen 
erally by the numeral 94. > 

Reference will now be made to FIG. 2 which is a sys 
tem diagram in the nature of a ?ow sheet wherein con 
trol equipment is utilized in combination with the cen 
trifuge of FIG. 1 in accordance with the invention. In 
this diagram, materials ?ow is indicated ‘by lines with 
solid head arrows while control signal transmission is 
indicated by lines with open head arrows. The same refer 
ence numerals as in FIG. 1 are applied to diagrammatic 
representations of the same mechanism. 

Pipe 78, which in FIG. 1 is connected to the outlet 
from solids discharge sample collection hopper 74, leads 
to a continuously running pump 100 which discharges 
through line 102 to a consistency analyzer indicated gen 
erally by the reference numeral 104. While other types 
may be used, analyzer 104 is indicated as a measuring de 
vice produced commercially under the registered trade 
mark “Dynatrol” by Automation Products, Inc. of Hous 
ton, Tex., which has been found to be a. particularly sat 
isfactory and reliable device for the purpose, not being 
sensitive to changes in ambient temperature, viscosity, 
pressure or‘?ow velocity. 

In this type of analyzer, a portion of the solids discharge 
fraction is pumped via pipe 102 through a U-tube 106 
which is mounted at its ends in the end wall of a cell 108 
in which the tube is free to vibrate. Such vibration is pro 
duced by means of an arm 110 having a cross bar in a 
transverse housing 112 which at one end has an arma 
ture that is vibrated to vibrate the tube by a drive coil 
excited by a pulsating current. The other end of the 
cross bar also carries an armature the movement of 
which is sensed by a pick-up coil in the other end of hous 
ing 112 which provides an electric output signal that is a 
function of the density of the sample being analyzed in 
tube 106 and which can be translated into consistency ac 
cording to the speci?c gravity of the solids being sepa 
rated. This AC output signal is fed via line 114 to a con 
verter 116 where it is converted to a 0-10 mv. DC signal 
which is supplied over line 118 to the control circuitry 
designated by blocks labeled CC and which will be de 
scribed in connection with FIGS. 3 and 4. 
The signal from analyzer 104 may be utilized by the 

control circuitry to cause pool depth adjustment opera 
tion of motor 94 in either direction (raise or lower) as 
indicated by full line 120 and/or to cause change in op 
eration of the chemical feed pump as hereinafter de 
scribed as indicated by dotted line 122. The solids frac 
tion analyzed continuously exits from tube 106 and re 
turns via pipe 80 to the solids discharge chute 12 from 
which the solids fraction is pumped or conveyed to fur 
ther processing or disposal, as ‘indicated by line 124. 
A representative sample of the e?°luent fraction leav 

ing the centrifuge through pipe 56 ?ows through pipe 82 
to a consistency analyzer designated generally 130. While 
other types may be used, analyzer 130 is diagrammati 
cally indicated as a turbidity measuring device produced 
commercially by the Bailey Meter Company of Wickliffe, 
Ohio. In this device, the sample ?ows between a light 
source 132 and a detector cell 134 exposed to the light 
source through the sample. The amount of radiant en 
ergy detected by cell 134 has a relationship to the con 
centration of suspended solids which is translated by elec 
tric circuitry into an output signal on line 136 indicative 
of the solids concentration. This signal is fed via receiver 
recorder 138 and line 140 to the control circuitry, which 
may apply it as a speed variation signal over line “142 to 
a variable speed drive 144 on a pump 146 connected by 
pipe 148 to a suitable source of chemical (not indicated) 
and by pipe 150 to pipe 88 through which the chemical 
is supplied to the slurry pool in the centrifuge. The sig~ 
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nal on line 140 may be utilized in addition or in the al 
ternative to operate the pool depth adjustment motor 94 
as indicated by the dotted line 152. A pipe 154 connects 
a suitable source of slurry .(not indicated) with T-pipe 
86 and centrifuge feed pipe section 60. 

After passing through the consistency analyzer 130, 
the sample of ef?uent fraction is returned via pipe 84 to 
pipe 56 which carries the effluent fraction to further proc 
essing or discharge, as indicated by line 156. The varia 
ble speed drive 144 may suitably be a Reeves Model 051 
M-18, 1/2 HP with reversible adjustment motor and re 
duction gear unit 158 like the motor and gear unit 94 con 
nected to the pool depth adjustment shaft. 
The speci?c consistency analyzers discussed above are 

capable of reliably determining consistency at the greatest 
dilution likely to ‘be encountered in the respective frac 
tions. In case either fraction has a solids consistency above 
the maximum of the satisfactory operating range of its 
analyzer, either the sample going to the analyzer can be _ 
diluted with clear water, the instrumentation being ad 
justed to correlate the measurement of the diluted sam 
ple with the consistency of the undiluted fraction, or other 
types or makes of analyzer more suitable for high con 
sistency determinations may be substituted. 

In some cases, more than two fractions may be sepa 
rated by the centrifuge. For example, a third fraction may 
be segregated between a fraction closest to the bowl and 
a fraction closest to the axis. Such third fraction may be 
separately removed by providing the centrifuge of FIG. 1 
with a second adjustable skimmer which has its ‘inlet 
disposed radially outwardly of the skimmer removing the 
innermost fraction, or by providing the skimmer with two 
inlets and outlets, one inlet disposed radially outwardly 
of the other. In the case of such additional fractions sepa 
rations, additional consistency analyzing equipment such 
as that described above may be provided for determining 
the consistency of the additional fractions and to provide 
signals utilized by the control circuitry in the control of 
p001 depth. 

Reference will now be had to FIG. 3 which is a circuit 
diagram of control circuitry that may be employed in the 
arrangement of FIG. 2 in cases in which regulation of 
the consistency of the solids fraction is the primary con 
cern. In this diagram, components shown in FIG. 2 bear 
the same reference numerals. In FIG. 3, a capital letter 
in a circle designates a relay and the same capital letter 
not in a circle designates a switch operated by that relay. 
A normally open switch controlled by a relay is desig 
nated by a gap in the circuit line between two spaced lines 
plus the corresponding letter while a normally closed 
switch controlled by a relay is designated by two lines 
across the circuit line and a slash line through them, plus 
the corresponding letter. 

Lines 300, 301 are connected to a suitable source of 
electric current for operating the controls, which may be 
115 volt-60 cycle AC line .300 having a manually operable 
control switch 302. Lines ‘304, 305 connects lines 300, 
301 to the converter 116 of the solids fraction analyzer 
104, the output signal of which is supplied by lines 306 
309 (designated generally 114 in FIG. 2) to converter 
116. A time pulsing unit 310 is connected by lines 312, 
313 to lines 300, 301. \Unit 310 is designed to produce at 
desired intervals an output pulse of desired duration, and 
may for example be the Eagle Signal Co. “Flexopulse” 
Bulletin 320—HG~92A6. 
The pulse from unit 310 is supplied by circuit lines 

314, 315 to an ampli?er and controller system 316 which 
is supplied with the 0—l0 mv. DC signal from converter 
116 via lines 318, 319 (designated generally 118 in FIG. 
2). System 316 is designed to convert this signal into 
ampli?ed outputs on two different circuits respectively if 
the signal indicates the solids \fraction consistency is higher 
or lower than the predetermined desired value or range, 
and otherwise to have no output. It may for example be 
a “Rustrak” Model 157~D DC Ampli?er Recorder System 
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6 
with Controller Feature F-14l-A. The two output circuits 
from system 316, represented respectively by lines 320, 
321 and ‘322, 323 are connected to a reversing starter 324 
for the pool depth adjustment motor 94. Starter 324 is 
connected by lines 326—328 to lines 330-332 from a 
source of 3-phase electric current, which may be 230 volt 

' 60 cycle AC. 

System ‘316 produces an output in circuit 320, 321 when 
the signal from converter 116 indicates that the consist 
ency of the solids fraction is too low. On receiving this 
output, starter 324 operates motor 94 in the direction to 
move the centrifuge skimmer radially outwardly toward 
the bowl thereby decreasing the pool depth, as indicated 
by lines 334—336 and the legend “Lower Pool.” Con 
versely, system 316 produces an output in circuit 322, 323 
when the signal from converter 116 indicates that the 
consistency of the solids fraction is too high. On receiving 
this output, starter 324 operates motor 94 in the direction 
to move the centrifuge skimmer radially inwardly away 
from the bowl, thereby increasing the pool depth as 
indicated by lines 338-340 and the legend “Raise Pool.” 
The control system so far described is adequate for 

automatically regulating the pool depth in accordance 
with consistency changes in the solids fraction to main 
tain a desired consistency. This may be the only automatic 
control needed, as in cases where the turbidity of the 
ef?uent fraction is of minor consequence and chemical 
dosage is not utilized or is independently controlled. The 
remainder of the FIG. 3 diagram shows additional cir 
cuitry which may advantageously be utilized for auto 
matic chemical dosage control and for exerting additional 
pool depth control under the supervision of the pool depth 
control circuitry just described. 
A circuit having lines 342, 343 is connected by lines 

344, 345 and 346, 347 for opposite operation of the 
reversible speed control 158 of motor 144 on chemical 
pump 146. Line 346 has a normally open svvitch C and 
line 344 a normally open switch D. When switch D is 
closed the reversible speed control 158 is connected to 
circuit 342, 343 to reduce the speed of pump 146 and 
hence reduce the rate of chemical feed, as indicated by the 
legend “Decrease Chemical.” When switch C is closed 
the reversible speed control 158 is connected to circuit 
342, 343 to increase the speed of pump 146 and hence 
to increase the rate of chemical addition, as indicated by 
the legend “Increase Chemical.” Circuit line 342 includes 
two normally closed switches A and B which are opened 
respectively by relay A in circuit 320, 321 ‘when that 
circuit has an output from system 316 and by relay B 
in circuit 322, 323 when that circuit has an output from 
system ‘316. Thus switch A or switch B is opened when 
ever system 316 receives a signal calling for pool depth 
adjustment. 

Circuit lines 300‘, 301 are connected to a voltage regula 
tor and step down transformer 350‘ which is operatively 
connected to the solids consistency analyzer 130 for the 
e?iuent fraction by circuit lines 352, 353 and to receiver 
recorder 138 by circuit lines ‘354, ‘355. Signals from 
analyzer 130 to receiver recorder 138 via lines 356—358 
(designated generally 136 in FIG. 2) close switch 360 
to relay C when the signals are indicative of consistency 
too high and close switch 362 to relay D when the signals 
are indicative that the consistency is below the desired 
value or range. When switch 360 is closed, relay C closes 
normally open switch C in line 346 connecting reversible 
speed control 158 to increase the rate of chemical dosage 
provided the consistency of the solids fraction is satis 
factory so that both normally closed switches A and B 
in line 342 are closed. Also a circuit 364, 365 connecting 
circuit 342, 343 to the pool depth increase side of the 
reversing starter lfor motor 94 has a normally open switch 
C in line 364 which is closed by relay C, so that whenever 
chemical feed rate is increased the pool depth adjustment 
mechanism is operated to increase the pool depth. A 
normally open switch B in line 323 controlled by relay B 
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in circuit 322, 323 isolates system 316 from circuit 364, 
365 when that circuit is operative. 
When switch 362 is closed, relay D closes normally open 

switch D in line 344 connecting reversible speed control 
158 to decrease the rate of chemical dosage provided the 
consistency of the solids fraction is satisfactory. 

If desired, additional circuitry with manually operated 
switches may ‘be provided for operating reversing starter 
324 and speed change control 94 when automatic super 
vision is not desired. 

‘In cases where control of solids consistency in the 
ef?uent fraction is of more importance than control of 
consistency of the solids fraction it may be desirable to 
revise the control circuitry of FIG. 3 to give the e?luent 
fraction consistency analyzer primary control over the 
solids fraction consistency analyzer. FIG. 4 shows such 
a revision, only so much of the circuitry of FIG. 3 being 
repeated as is required to show the changes. 

Referring to FIG. 4 it will be seen that a normally 
open switch C has been included in line 315 of circuit 
314, 315, between system 316 and circuit 342, 343. By 
virtue of this change, system 316 is operative to exert 
control over pool depth change only while the consistency 
of the effluent fraction is too high and therefore relay C 
closes the said switch C. Normally closed switches A 
and B have been moved from circuit 342, 343 to line 
365 of circuit 364, 365. An additional relay E has been 
included in circuit 364, 365, relay E controlling a normally 
closed switch E which has been added to line 346 of 
circuit 346, 347 and a second normally closed switch B 
has been added in line 365 between relay E and line 
323. A new circuit 370, 371 has been added between the 
pool depth lowering circuit 320, 321 and circuit 342, 
343, this additional circuit including a normally open 
switch D controlled by relay D of the effluent fraction 
sensing control. A normally open switch A is included 
in line 321, controlled by relay A in circuit 320, 321. 
With the changes just described, when the solids con 

centration of the ef?uent fraction is too high as sensed 
by analyzer 130, and so long as it remains too high, the 
three normally open switches C are closed by relay C. 
If the signals from the solids fraction analyzer via circuit 
318, 319 indicate a solids consistency too low, system 
316 provides an output in circuit 320, 321. Normally 
open switch A is closed by relay A so that the output in 
circuit 320, 321 is effective to lower the pool by way 
of reversing starter 324. Normally closed switch A is 
opened by relay A so that circuit 364, 365 is deactivated 
despite the closing of its switchv C by relay C. Normally 
closed switch E therefore remains closed and the chemical 
feed rate changer 158 is operated to increase the rate of 
feed, via circuit 346, 347, closed switches C and E, circuit 
342, 343 and pulsing unit 310. Similarly, when the con 
sistency of the solids fraction is too high, circuit 322, 
323 is effective to cause increase of pool depth by the 
closing of switch B by relay B while circuit 364, 365 is 
deactivated by the opening of normally closed switches 
B by relay B. By virtue of the opening of both normally 
closed switches B, relay E is not activated, and the circuit 
through lines 346 and 347 remains operative to simul 
taneously increase chemical feed rate. 
When the consistency of the solids fraction is satis 

factory so that system 316 has no output, it is desirable 
to raise the pool without increasing the chemical feed 
rate until the solids fraction consistency becomes too low 
or the e?luent fraction consistency becomes satisfactory. 
This is accomplished via circuit 364, 365, all four switches 
of which are now closed, activating relay E to open switch 
E, deactivating the increase chemical circuit. 
When the solids consistency of the effluent fraction 

drops below the desired operating maximum, relay C is 
deactivated by the opening of switch 360 causing switches 
C to open. This deactivates the system 316 so that no 
control is exercised by the solids fraction analyzer, and 
tdeactivates circuits 346, 347 and 364, 365. Switch 362 
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closes activating relay D which closes switch D in circuit 
344, 345 to circuit 342, 343 to operate speed changer 158 
in the direction to decrease the rate of chemical feed, 
and closes switch D in circuit 370, 371 to circuit 342, 343 
to operate reversing starter 94- in the direction to lower 
the pool depth. Such operation continues until the effluent 
fraction consistency again becomes too high. 

It will be appreciated that in the system illustrated in 
FIG. 4, the consistency control equipment for the solids 
fraction is used primarily to provide a pool depth con— 
sistent with maintaining the desired consistency of the e?lu 
ent fraction with a minimum use of chemical. While it 
is not recommended, it is possible to operate the pool 
depth and chemical feed rate change equipment solely 
from the e?luent fraction analyzer and controls. For 
example, with system 316 and connections to and from 
it eliminated, together with relays A, B and E and the 
switches they control, the system of FIG. 4 would be 
operative to cause increase of the pool depth and of 
chemical feed rate whenever the e?luent fraction con 
sistency is too high and to lower the pool and decrease 
the chemical feed rate whenever the effluent fraction con— 
sistency is below a predetermined level. Suitable mechani 
cal stops would prevent pool depth adjustment beyond 
desirable limits. Other changes in the control circuits of 
FIGS. 3 and 4 can of course be made, these being merely 
illustrative of preferred arrangements. 
The use of pulses from a timer to operate the controls 

is not essential but is desirable, since the spacing between 
operating pulses gives each adjustment an opportunity to 
produce a consistency change which is detected by the 
analyzing equipment before the next succeeding pulse. 
Thus, over-adjustment is minimized. In addition, the utili 
zation of pulses increases the time in which an adjustable 
mechanism can be adjusted over its entire range, so that 
less reduction gearing from motors is required. 

In some cases, chemical addition will be needed only 
intermittently when ?uctuations from normal of feed rate, 
consistency or composition occur. In such cases, a start 
stop switch can be provided for chemical pump motor 
144 which is actuated to stop from the speed reducer 158 
when a predetermined minimum speed is reached and is 
actuated to start by a circuit controlled by relay C. 

I claim: 
1. In centrifugal separation apparatus which includes a 

centrifuge of the type having a rotatable solid bowl por 
tion, means for continuously feeding a solids-liquid slurry 
into said bowl portion, conveyor means rotatable within 
and relative to said bowl portion for continuously dis 
charging therefrom a ?rst fraction of said slurry containing 
solids which segregate toward the bowl, and effluent outlet 
means for continuously discharging from said bowl por 
tion a second fraction containing other solids, the combi 
nation of: 

pool adjustment means for variably regulating the depth 
of said pool while the centrifuge is operating; 

sensing means for making determinations of the solids 
consistency of at least one of said fractions and pro 
viding indications of such determinations; 

and pool depth control means for connection between 
said sensing means and said pool adjustment means 
and responsive to said indications from said sensing 
means to cause regulation of the depth of said pool 
by said adjustment means in accordance with the 
nature of said indications. 

2. The combination of claim 1 wherein said pool depth 
control means is responsive to indications from said sens 
ing means to cause increase of said pool depth by said 
adjustment means when said indications are indicative of 
solids consistency above a predetermined value. 

3. The combination of claim 1 wherein said pool depth 
control means is responsive to indications from said sens 
ing means to cause decrease of said pool depth by said 
adjustment means when said indications are indicative 
of solids consistency below a predetermined value. 
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4. The combination of claim 1 wherein said sensing 

means includes two sensing devices for making said con 
sistency determinations of said two fractions respectively 
and providing said indications thereof. 

5. The combination of claim 1 which includes chemical 
feed means for feeding to the slurry chemical for promot 
ing segregation of solids toward the bowl, regulating means 
for said chemical feed means for variably regulating the 
amount of said chemical fed thereby to the slurry, and 
chemical feed control means for connection between said 
sensing means and said regulating means and responsive 
to said indications from said sensing means to control the 
regulation of feed of said chemical by said regulating 
means in accordance with the nature of said indications. 

6. The combination of claim 5 wherein said sensing 
means is a sensing device for making said determinations 
of the consistency of said ?rst fraction only. 

7. The combination of claim 5 wherein said sensing 
means is a sensing device for making said determinations 
of the consistency of said second fraction only. 

8. The combination of claim 5 wherein said sensing 
means includes a ?rst sensing device for making said deter 
minations of the consistency of said ?rst fraction and a 
second sensing device for making said determinations of 
the consistency of said second fraction. 

9. The combination of claim 8 wherein said pool depth 
control means and said chemical feed control means are 
responsive to consistency indications from both of said 
sensing devices. 

10. The combination of claim 9 wherein said pool depth 
control means is rendered responsive to indications from 
said ?rst sensing device to cause regulation of the pool 
depth in accordance therewith by predetermined indica 
tions from said second sensing device. 

11. The combination of claim 10 wherein said predeter 
mined indications from said second sensing device also 
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render said chemical feed control means responsive to pre 
determined indications from said ?rst sensing device to 
cause increase in the chemical feed rate. 

12. The combination of claim 11 wherein other prede 
termined indications from said second sensing device 
render said chemical feed control means responsive to 
said other predetermined indications to cause reduction of 
the chemical feed rate. 

13. The combination of claim 12. wherein said other 
predetermined indications render said pool depth control 
means responsive to said other predetermined indications 
to cause decrease of the pool depth. 

14. The combination of claim 8 wherein said pool depth 
control means is responsive to indications from said ?rst 
sensing device to cause regulation of the pool depth in 
accordance therewith and said chemical feed control means 
is rendered responsive to indications from said second 
sensing device to cause regulation of the chemical feed 
rate in accordance therewith by predetermined indications 
from said ?rst sensing device. 

15. The combination of claim 14 wherein said pool 
depth control means is also responsive to predetermined 
indications from said second sensing device to cause 
increase of said pool depth. 
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