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This invention relates to new and useful in 
provements in centrifugal machines and particul 
larly to driving systems for heavy-duty suspended 
centrifugals of the type used for the manufacture 
of Sugar. 

Recent developments in the processing of sugar 
maSSecuites and similar mixtures have shown the 
importance of using high centrifugal forces, and 
hence high centrifugal speeds, in all types of 
purging operations, and also of effecting rapid 
acceleration to high centrifugal speeds when 
treating so-called "free-purging' mixtures, such 
as White massecuites, afflination magmas and the 
like. These factors have tended to reduce the 
cycle time in centrifugal operations and to impose 
on the centrifugal driving system severe operat 
ing requirements for which conventional ma 
chines were not suited. It has also been found 
important to provide a uniform, prolonged cen 
trifugal acceleration to high speeds in the proc 
essing of low grade massecuites, and to determine 
and use for each type of massecuite an accelera 
tion rate that is especially adapted to the quali 
ties of the particular material undergoing treat 
ment. 
The foregoing requirements have been served 

best by the use of improved belt-driven centrifu 
gals, and especially of Roberts gear driven cen 
trifugals; but belt-driven machines are limited 
as to the top speeds that may be reached satis 
factorily, and gear driven machines are compara 
tively expensive to install; and in the cases of both 
belt-driven and gear-driven machines it has been 
difficult heretofore to secure the kind of con 

, trolled slow acceleration desired for certain types 
Of centrifugal Work. In addition, the mechanical 
arrangements characteristic of such machines 
Sometimes make it difficult or impractical to in 
stall them where improved operations are needed. 
As an alternative to belt-driven or gear-driven 

machines, centrifugal machines driven by directly 
connected motors have been improved recently 
for use in high speed centrifugal operations, on 
both short and long cycles. Where rapid accel 
eration is required, however, special motors have 
had to be constructed to withstand the high over 
loads and the excessive heat generated during 
acceleration, and such motors are necessarily 
quite expensive. Excessive power peaks are en 
Countered in operation, not only during the ac 
celeration stage of each cycle but also during t is 
discharging of sclids from the centrifugal bask t 
at the end of each cycle, for the use of mechanica. 
dischargers requires the basket to be revolved at 
low speed, and this is effected by momentary en 
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ergization, or “jogging,' of the motor. More 
over, in the case of known motor driven machines, 
the accelerating characteristics of the centrifugal 
are restricted to the accelerating characteristics 
of the motor itself, which is an objectionable fea 
ture because the motor accelerates rapidly at 
times but only slowly as it approaches its maxi 
mum speed of rotation, and also because there is 
no way to control or vary the acceleration. So as 
to obtain the best processing resultS. 

It has been proposed to avoid some of these 
characteristics of direct motor drives by install 
ing a centrifugally actuated clutch between the 
driving motor and the centrifugal spindle, but 
such an expedient is of little or no advantage. 
The clutch reduces the machine's efficiency, and 
when used with a two-speed driving motor the 
motor still must be built to withstand high over 
loads and to absorb most of the heat generated 
during acceleration, for if the clutch is efficient 
at the lower motor speed it will no longer slip 
after the motor has been changed to its higher 
speed. Also, the clutch blocks and friction straps 
wear out after a short period of continual Serv 
ice, causing objectionable expense and delays in 
sugar factory operations, and during the use of 
such clutches they change in effectiveness so that 
wide variations occur in the acceleration rate of 
the centrifugal. 
An object of the present invention is to provide 

new and useful improvements in centrifugal ap 
paratus, and particularly in driving Systems for 
centrifugal machines, by which the acceleration 
characteristics of the centrifugal may be freed 
from limitations inherent in known motor-driven 
machines and may be controlled So as to obtain 
selected acceleration rates and substantially uni 
form acceleration at any selected rate, thereby 
enabling centrifugal operations to be carried out 
in a manner best suited to the requirements of 
the material undergoing treatment. 
Another object of my invention is to provide 

new motor driven centrifugal combinations which 
give desirable accelerating and operating char 
acteristics for certain types of sugar processing 
work and yet prevent the centrifugal driving mo 
tor from becoming overloaded or overheated dur 
ing either the acceleration of the machine at the 
start of each cycle or the discharging Operation 
at the end of each cycle. Thereby I propose to 
provide much greater freedom in the selection of 
centrifugal driving motors than now prevails 
where special operating requirements must be 
met, thus making it unnecessary to use very ex 
pensive driving motors of special construction for 
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Such centrifugal operations, and also to increase 
the efficiency and reduce the power peaks in such 
centrifugal operations. 
Another object of my invention is to provide 

new motor driven centrifugal combinations as 
hcreinbefore mentioned which can be installed 
readily in various plant arrangements and which 
may utilize the same Supporting framework as is 
used for conventional motor driven centrifugals 
or the gear units of Roberts gear-driven Cen trifugals. 
Other objects of my invention are to provide 

new motor driven centrifugal combinations which 
permit the driving motor for each machine to be 
kept in constant operation while the centrifugal 
basket is being unloaded and reloaded, thereby 
making it unnecessary to start and stop the motor 
in each operating cycle; to provide such cen 
trifugal combinations in which a two speed elec 
tric motor may be used as the driving source, with 
resulting power savings during the acceleration 
Stage of each cycle; and to provide such combi 
nations in which regenerative braking may be 
employed to advantage during the braking stage 
of each cycle so as to regenerate electrical power 
but without causing troublesome generation of 
heat in the driving motor. 

In the new motor driven centrifugals of my 
invention, each centrifugal is provided with a 
driving motor having suitable Speed and horse 
power characteristics, which may be any of a wide 
variety of Standard electric motors without re 
quiring Special constructions or windings to han 
dle excessive overloads or overheating; the basket 
carrying spindle and driving head of the centrifu- 3 
gal are suspended from supporting frame-work 
and, if desired, the driving motorismounted on the 
same frame-work in the usual manner for direct 
connected motor driven centrifugals; and torque 
is transmitted from the motor to the head, spindle 
and basket of the centrifugal through a special 
slip clutch mechanism connected with the motor 
shaft and the centrifugal spindle and provided, 
in preferred embodiments hereof, with means by 
which to vary and limit the torque transmission 
between the motor and the spindle. 
The driving motor is preferably a hollow shaft 

motor having a speed of rotation adapted to the 
desired top speed of the centrifugal and a power 
rating ample for all centrifugal acceleration rates 
likely to be required. This motor is mounted on 
the centrifugal frame-work with its hollow shaft 
extending upwardly, and to the upper end of the 
hollow driving shaft is connected the driving 
element of the variable torque slip clutch. The 
driven element of the clutch is connected with a 
driven shaft which extends vertically through the 
hollow notor shaft and is connected with the 
centrifugal spindle through a flexible Coupling in 
the centrifugal head. The variable torque clutch 
So mounted above the driving motor is connected 
to the motor housing in such manner as to be 
Substantially a part of the motor itself, and it is 
provided with means under the control of the 
centrifugal attendant by which its torque trans 
mission may be varied from zero to the maximum 
torque capable of being developed by the clutch. 
In this way, it becomes possible to disconnect the 
motor entirely from the centrifugal through the 
clutch control and to maintain during the accel 
eration Stage of the centrifugal cycle and at other 
times a torque control which will give controlled 
acceleration characteristics and at the same time 
eliminate excessive overloads on and overheating 
of the motor. In addition, it becomes possible 
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and practical to keep the driving moto in Con 
stant rotation, during the braking, unloading and 
reloading of the machine, and thereby to reduce 
starting loads and power peaks and keep a high 
motor torque available at all times. 
The slip clutch employed in the new combina 

tion may be a mechanical clutch provided with 
means by which to vary and control the torque 
transmission thereof, or it may be a standard 
hydraulic clutch, or hydraulic coupling, provided 
with a scoop control for varying and controlling 
the torque transmission. In the preferred em 
bodiments, however, the clutch is a hydraulic 
clutch of special construction combined with ad 
justable means automatically responsive to the 
torque of the clutch for controlling the quantity 
of liquid in the clutch so as to maintain its accel 
erating torque Substantially constant. In any 
case, the heat generated during acceleration of 
the centrifugal is developed in the slip clutch in 
stead of in the driving motor, and in the embodi 
ments using hydraulic clutches this heat may be 
carried away by continuous circulation of the 
clutch fluid. In embodiments using a mechanical 
torque control clutch the heat developed during 
acceleration of the machine is dissipated by a 
Suitable clutch cooling system. 
As another feature of preferred embodiments 

hereof, I use as the driving motor for the cen 
trifugal a two speed hollow-shaft electric motor 
having high and low speed windings, and for the 
slip clutch connected with this motor I use either 
a hydraulic or a mechanical clutch which trans 
Inits torque in either direction of power trans 
mission. With Such a combination a power Sav 
ing is effected during acceleration of the cen 
trifugal by reason of the two-speed windings of 
the motor, and regenerative braking may be en 
ployed for part of the braking stage of each cycle 
by transmitting torque from the running cen 
trifugal through the clutch to the motor. Thus 
the heat developed during the regenerative brak 
ing period is absorbed in the clutch instead of in 
the motor. When the machine has been braked 
to the lower motor speed, the slip clutch may be 
rendered inactive, and a mechanical brake may 
then be applied to stop the machine, the driving 
motor being allowed to continue running at its 
lower speed. 
The foregoing and other objects, features and 

advantages of my invention will become more 
apparent from the following description of spe 
cific embodiments thereof when considered in 
connection with the accompanying drawings, 
Whereir 

Figure l is an elevation, partly in section, of 
a centrifugal machine constructed according to 
the preferred embodiment of my invention; 

Figure 2 is an enlarged view, partly in eleva 
tion and partly in vertical section, showing de 
tails of the driving motor and clutch assembly 
of Figure 1. 

Figure 3 is an enlarged vertical section of the 
clutch assembly; 

Figure 4 is a developed fragmentary view 
showing the periphery of some of the clutch 
parts as Seen Substantially along line 4-4 of 
Figure 3; 

Figure 5 is a horizontal cross-section, Sub 
stantially along line 5-5 of Figure 4, showing a 
detail of the construction; and 

Figure 6 is a fragmentary vertical section illus 
trating an alternative construction for cintrol 
ling the setting of the clutch mechanism of 
Figures 1 to 5, inclusive.   
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Figure 7 is an elevation showing the assembly 

of another embodiment of this invention; 
Figure 8 is an enlarged view, partly in eleva 

tion and partly in vertical section, showing de 
tails of construction of the driving motor and 
the clutch mechanism of Figure 7; 

Figure 9 is a plan view of the structure of 
Figure 8; 

Figure 10 is an enlarged vertical section 
through the clutch mechanism of Figure 8; and 

Figure 1 is a horizontal Section, Substantially 
along the line - of Figure 10. 

Figure 12 is an elevation showing an assembly 
of a third embodiment of my invention; 

Figure 13 is a plan view of the clutch mecha 
nism of Figure 12. 

Figure 14 is an enlarged vertical 
through the same; 

Figure 15 is a horizontal Section, Substantially 
along line 5-5 of Figure 14; 

Section 

Figure 16 is a section similar to Figure 15, but 
showing the parts in a different condition of 
actuation; and 

Figure 17 is an elevation, partly in section, 
Substantially along the line 7-El of Figure 15. 

Referring first to the embodiment of Figures 1 
to 6, inclusive: The usual perforate centrifugal 
basket 0 is carried by a spindle 2 which ex 
tends upwardly into a driving head 4 and is sus 
pended from a stationary hanger 6 depending 
from Supporting frame-work F. A brake drun 
8 is secured for rotation with the spindle and 
arranged to be engaged by friction brake bands 
20 in any known manner. In the hanger 6 
and the head A is a ball and socket joint 22 
which provides for the requisite gyration or 
SWinging movement of the basket and spindle 
during operation of the machine. 
The upper end 24 of the spindle is connected 

through a flexible coupling 26 with the lower end 
of a driven shaft, 28 which extends vertically 
through the hollow shaft 32 of a driving motor 
30. The motor 3) is mounted on a base plate 
34 secured to the frame-work F, base plate 34 
being of a type commonly used for mounting the 
motor of a direct-connected motor driven cen 
trifugal or the gear unit of a gear driven cen 
trifugal. The motor preferably is a hollow 
shaft, two-speed induction motor of standard 
construction, having high speed and low speed 
Windings. 

Attached to the top of the motor casing 3 is 3, 
casing 40 enclosing a special torque control 
hydraulic clutch which cooperates with the 
motor in driving the centrifugal. The driven 
shaft 28 extends above the hollow motor shaft 
32 and is connected at its upper end to the run 
ner 42 of the fluid clutch. Facing opposite to 
the runner 42 is an impeller 44 which acts in a 
well known manner, in the presence of liquid he 
tween the clutch members, to transmit torque 
to the runner and thence through shaft 28 and 
coupling 26 to the centrifugal spindle. The 
torque produced by the clutch varies with the 
quantity of liquid in the clutch and the amount 
of slip between the runner and the impeller, ac 
cording to well known hydraulic principles. 
The impeller 44 has connected thereto a ring 

member 46, which in turn is connected with an 
other ring member 48 in Such manner as to 
rotate therewith, but also in Such manner as to 
permit a certain relative movement therebe 
tween. The ring member 48 is connected for 
rotation with a housing 50 which encloses the 
clutch members. Housing 50 extends down 
wardly and inwardly to a point of connection, 
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3 
by means of bolts 52, with a collar 54 that is 
keyed to the hollow driving shaft 32 of the motor 
30. It will therefore be evident that when the 
motor shaft 32 is in rotation there is a corre 
sponding rotation of housing 50, ring 48, ring 45 
and impeller 44, and through a liquid medium 
within the clutch torque may be transmitted to 
the runner 42 and the centrifugal shaft. 
A thrust bearing 60 in the upper end of the 

motor sustains the axial thrust of the collar 54 
and housing 50 assembly, The impeller 44 runs 
freely on a bearing 62 surrounding the driven 
shaft 28. The axial thrust of shaft 28 and run 
ner 42 is Sustained by a thrust bearing 64 carried 
in the base of motor 30. 
As already mentioned, the arrangement of the 

impeller 44 with the ring members 46 and 48 and 
the housing 59 permits of a slight relative move 
ment between the two ring members, and there 
fore between the impeller and the housing. Pro 
vision is made for this relative movement, for 
example, by connecting member 48 with hous 
ing 50 through a series of balls 66, which are con 
fined within registering axial slots 68 and 70 
formed in the ring member 48 and the housing 
50, respectively, thereby allowing the ring member 
to have a certain axial movement relative to the 
housing; and by connecting ring member 48 with 
ring member 46 through a series of balls 72, 
which are confined between oppositely facing, 
overlapping arcuate surfaces T4 and 76, respec 
tively, on the two ring members, thereby allowing 
ring member 46 to have a certain extent of angul 
lar movement relative to member 48. It will be 
evident (see the developed view of this construc 
tion in Figure 4) that a change in the relative 
horizontal positions of members 46 and 48 neces 
sitates a certain change in the axial position of 
member 48 relative to the housing 50, which is 
allowed by the axial elongation of the slots 68 
and 70 in which the balls 66 are confined. 
As shown in Figure 3, the ring member 48 has 

attached thereto a thrust plate 80, which is con 
nected to a sleeve 82 that extends above the 
housing 50 and has a flange 84 thereon which 
forms a seat for a compression spring 86 com 
pressed between the same and housing 56. Spring 
86 tends to hold the thrust plate 89 and the ring 
member 48 in their extreme upper position, thus 
holding the two ring members apart to the max 
imum extent and allowing ring member 46 to 
reach the limit of its angular movement relative 
to ring member 48. Bearing against the thrust 
plate 80, through a ball bearing 90, is a plunger 
92 which works in a cylinder 94 at the top of 
the casing 40. An inlet pipe 96 admits a fluid 
pressure medium, either hydraulic or pneumatic, 
into the cylinder 94 whereby to force plunger 92 
downward and apply a pressure on the thrust 
plate 8), thus overcoming the resistance of Spring 
86 and tending to hold the ring members 48 and 
4S in a relative position as shown in Figure 4, 
all for the purpose and with results hereinafter 
described. 
The circulation of oil or other clutch fluid into 

and through the fluid clutch takes place as foll 
lows: Oil from an inlet pipe OO is introduced 
into a bore C2 in the casing 40 and thence into 
the clutch through siftable valve means com 
prising the hollow plunger 92 having openings 
i (4 in the side wall thereof. Oil passes from the 
plunger 92 over the runner 42 and inside of the 
clutch members through bores iO6 and 08 in the 
runner. To effectuate the discharge of oil from 
the clutch, one or more bleeder holes if 2 are 
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provided in the ring member 46 in such position 
as to be either partly or wholly in registry or en 
tirely out of registry with openings 4 in the pe 
ripheral walls of casing 50. See Figures 4 and 5. 
The holes 2 and d 4 are made large enough to 
allow a substantial flow of oil and cause Sub 
stantially instantaneous emptying of the clutch 
whenever they are brought into registry with the 
clutch in operation, the centrifugal. force on the 
clutch fluid being sufficient to effect a rapid dis 
charge of the fluid. The oil so discharged from 
the clutch is collected by the casing 40 and drawn 
off through a pipe f2O, whence it passes into a 
collecting tank 22. The oil may then be drawn 
from tank 22 by a pump 24, passed through a 
cooler 26, and returned from the cooler to the 
inlet 00. A valve 28 is provided in the clutch 
fluid supply line for regulating the rate of cir 
culation. Since the rate of Supplying oil to the 
clutch does not depend upon the rate of discharge 
from the clutch, a single oil tank and cooler can 
be used for a group of centrifugals. 
The inlet pipe 96 leading into cylinder 94 may 

extend from a location convenient to a centriful 
gal attendant, where it is equipped with a pres 
sure regulating valve f30 having a control lever 
3 by which to vary.the pressure of fluid on the 

plunger 92 and thus to vary the amount of force 
tending to move the ring member 48 into its 
lowermost position relative to ring member 46. 
It is to be noted that in one limiting position, the 
lowermost, of member 48 relative to member 46 
the latter is necessarily disposed in such relation 
to the former and to casing 50 that the bleeder 
holes 2 are substantially entirely out of reg 
istry with the holes f4, so that little or no oil 
is discharged from the clutch under such Condi 
tions. Also, openings 04 in the plunger 92 reg 
ister with the oil inlet bore 02, so that oil enters 
the clutch and keeps the same full or nearly full 
of liquid. In cther words, this is the condition 
of maximum torque transmission with minimum 
slip for any given speed conditions. It is further 
to be noted, however, that the torque of the clutch 
itself, acting on the impeller 44, always tends to 
move the impeller and member 46 to the limit 
of their possible angular movement relative to 
member 48 and casing 50, which is also to say 
that the torque of the clutch itself tends to over 
come the effective pressure of the fluid medium in 
cylinder 94, and, in proportion to the extent that 
it does so, to cause movement of the bleeder holes 
if 2 into registry with holes 4. 
There is consequently a definite relationship 

between the torque of the clutch and the pres 
sure on the thrust plate that tends to keep the 
bleeder holes closed and hold oil in the clutch. 
When this pressure is insufficient to overcome 
the force of spring 86, any torque produced by 
the clutch will move impeller 44 and ring 46 to a 
position in which the bleeder holes are open, and 
the clutch therefore empties itself and becomes 
inactive. When the pressure on the thrust plate 
exceeds the force of Spring 86, there is a corre 
sponding torque value which will be produced and 
automatically maintained by the clutch; for if 
the torque becomes greater than Such value it will 
displace the ring members and open the bleeder 
holes So as to reduce the quantity of oil in the 
clutch, and if the torque becomes less than such 
value the preSSure opposing it will displace the 
ring members and restrict the bleeder holes so 
as to increase the quantity of oil in the clutch. 
Consequently, the torque transmission of the 
clutch can be varied and controlled by varying 
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the pressure on the thrust plate 80, as by adjust 
ment of control lever 3 of the regulating valve 
130; and for any given pressure on the thrust 
plate there will be a definite torque transmission 
which automatically will be held substantially 
uniform throughout the acceleration stage of each 
centrifugal cycle. 
When an equilibrium condition exists between 

the torque of the clutch and the opposing pres 
sure of the thrust plate, the thrust is divided 
over the total number of balls 72, and for each 
ball there is a definite resulting tangential force 
which balances a torque component and which 
determines the torque value of the clutch. The 
torque value of the clutch is equal to this unit 
tangential force times the number of balls 72 
times the radius of rotation of the balls. As Soon 
as the torque of the clutch exceeds this value a 
relative angular movement of member 46 takes 
place in response thereto, and a relative axial 
novement of member 48 takes place in a direc 
tion away from member 46; and as soon as the 
torque of the clutch becomes lower than this 
value relative movements of the ring members 
take place in the opposite directions. 

In the position of maximum thrust or maxi 
mum torque transmission the holes 2 are out 
of registry with the holes f4 and there is a hole 
f4 on either side of the holes f2. By reason 

of this arrangement, the clutch and torque con 
trol System function in either direction of torque 
transmission; that is to say, not only when the 
drive is from the motor 39 to the centrifugal, 
but also when the drive is from the centrifugal 
to the motor, as during a regenerative braking 
period. 
An alternative arrangement for applying pres 

sure to the thrust plate 80 is illustrated in Figure 
6, wherein the plunger 92 in the top of housing 
40 is held under the pressure of a compression 
spring 98, means Such as indicated at 99 being 
provided for varying the compression of the 
Spring. 

It is to be noted that the arrangement of open 
ings O4 relative to bore 02 forms a fluid inlet 
valve that is open only when the plunger is 
pressed to a position causing the clutch to be ac 
tive. Upon the release of pressure from the 
plunger, the clutch empties itself automatically 
by the opening of the bleeder holes ff2, and at 
the same time the inlet openings 4 are closed 
So as to cut off further flow of oil into the clutch, 
i. e. to render the liquid supply system inactive. 
In other Words, the clutch not only becomes auto 
matically disengaged, but also a condition is es 
tablished which prevents oil from flowing there 
through and producing a slight drag on the 
clutch. The exceedingly rapid discharge of liq 
uid from the clutch under centrifugal force and 
the Simultaneous Stoppage of liquid inflow result 
in a Substantially instantaneous inactivation of 
the clutch that permits the brake 20 to be applied 
immediately and with maximum effect whenever 
desired. 
A further feature of importance, in addition 

to the variable and controlled torque transmis 
sion obtained from this embodiment, is that the 
drive from the motor 30 to the centrifugal is 
quite efficient at all times. The clutch is always 
provided With a torque capacity larger than the 
normal requirement for acceleration of the ma 
chine, So that during acceleration the torque con 
trol System will keep the clutch only partly full 
of oil, say half full. As soon as this stage has 
been reached, there will be a continuous oil flow 
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from the bleeder holes 2, which may be at a 
substantial rate with the result that the clutch 
is kept cool and operates efficiently when the high 
torque transmission takes place and the major 
amount of heat is produced. As soon, however, 
as the centrifugal has been brought to top speed, 
the torque transmission drops off, and the foW 
of oil through holes f2 is automatically re 
stricted. The clutch thereupon becomes Com 
pletely full of oil and produces its maximum cou 
pling effect With a minimum of slip between the 
runner and the impeller. This results in maxi 
mum driving efficiency when the machine is run 
ning at top speed and minimizes the heat gen 
erated in the clutch during that period. 
Furthermore, when the machine is running at 

top Speed there need be no discharge of oil from 
the clutch, or at most a small amount of oil cir 
culation for cooling purposes, so that little or no 
energy is lost On that account, and whatever oil 
may enter the clutch under these conditions is 
held near the axis Cf rotation thereof and con 
Sequently does not result in any substantial loss 
of energy. 
In the Operation of the embodiment of Figures 

1 to 6, inclusive, the two-speed motor 30 is start 
ed in rotation at its iower speed, and the cen 
trifugal basket f O is loaded either at rest or 
While rotating at a low speed as a result of hav 
ing opened the pressure regulating valve 30 to 
activate the clutch. The centrifugal is started 
in its acceleration simply by moving the control 
lever 3 to a predetermined position giving a 
preSSure on the thrust plate 80 Sufficient to estab 
lish a predetermined accelerating torque for the 
machine. The clutch itself then establishes this 
torque value and holds the same value until the 
centrifugal has reached its top speed, unless, of 
course, it is desired to stop the machine or change 
the acceleration rate by changing the setting of 
the control lever 3 during the acceleration 
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period. The motor 30 is switched from its lower . 
to its higher speed, preferably by automatic 
control means of any suitable construction, when 
the Speed of the centrifugal approaches the lower 
motor Speed, so that a constant and uniform 
acceleration of the centrifugal is obtained. After 
the centrifugal has reached its top speed and 
rotated for the desired period of time at top 
Speed, the motor is switched back to its lower 
Speed Winding, and the clutch is kept active so 
that the momentum of the centrifugal causes a 
transmission of torque through the clutch into 
the motor, against the resistance of the motor, 
With the result that the speed of the centrifugal 
is retarded and power is regenerated and intro 
duced into the power supply line. When the 
centrifugal has been braked to approximately 
the lower motor speed, the pressure valve 30 is 
closed and the mechanical brake 20 is applied 
to bring the machine to a full Stop. This prefer 
ably is done by automatic control means of any 
Suitable type. The motor is continued in rota 
tion at its lower Speed and need not be stopped, 
although it is obvious that the motor may be 
stopped and restarted from cycle to cycle if de 
sired. 
The heat generated during acceleration and 

regenerative braking is developed in the clutch 
instead of in the motor, and is dissipated by cir 
culation of the clutch fluid. 
The discharging of solids from the basket 0, 

at the end of each cycle, may be carried out with 
a mechanical discharger while manipulating the 
control lever 3 so as to cause rotation of the 
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basket under the desired torque conditions. 
Thus jogging of the motor may be eliminated. 

It will therefore be evident that the motor 
itself need never be placed under an excessive 
overload and that overheating of the motor may 
be completely avoided. Not only that, but the 
machine operates with controlled and variable 
acceleration characteristics that render it Suit 
able for almost all types of centrifugal processing 
operations; and the machine itself is So con 
structed and arranged, and permits the use of 
motors of such nature, that great advantages 
and economies are realized Over knoWn Cen 
trifugal driving Systems. 
The embodiment of Figures 7 to 11, inclusive, 

involves an arrangement and combination simi 
lar to that of the embodiment first described, 
but it differs in that a standard type Scoop-con 
trolled hydraulic clutch is employed for the 
torque transmission instead of the Special torque 
control hydraulic clutch of the first embodiment. 
The hollow shaft 32 of the motor 30 is keyed 
to a collar 54 which, in this embodiment, is con 
nected through a ring 42 with the impeller 44 
of a standard Scoop controlled fluid clutch 40. 
The thrust of this assembly is Sustained by the 
thrust bearing 60 in the top part of the motor 
casing 36. The impeller runs on a bearing 45 
surrounding the shaft 28. To the impeller 44 
is seculed a rotary housing 46, and also a rotary 
oil shield 48 which extends upwardly and in 
Wardly to enclose the runner 50. The runner 
is keyed to the upper end of the driven Shaft 28, 
which extends through the hollow motor shaft 
and is connected at its lower end in any Suitable 
manner to a flexible coupling in the centrifugal 
head 4, and through Such coupling With the 
gyratory spindle 2 upon which the centrifugal 
basket 0 is carried. 
A bracket, 60 Secured to the top of the motor 

casing 36 extends upWardly along a side of the 
clutch housing 46 and Supports a stationary oil 
inlet and outlet Structure 62. This structure 
projects down Wardly into the rotary housing 46, 
with which it is aSSOciated in Such manner as 
to prevent escape of oil from the housing. An 
oil inlet pipe 64 opens into a paSSage 65 which 
leads to the top of the runner 50, Whence the 
oil passes beneath the shield 48 and into the 
space between the impeller and the runner to 
drive the clutch. 
A Small bleeder hole 66 is provided in the 

shield 48 to maintain a constant discharge of 
oil from the clutch. The liquid discharged from 
this bleeder hole collects inside the housing 46 
and forms a peripheral Wall of liquid against 
the housing Wall in a region 68 Where the hous 
ing is of maximum diameter. A Scoop tube 70 
is swivelled in the structure 62 SO as to be turn 
able about a Wertical axis and to hold its open 
end 72 within the Wall of liquid at 68. A con 
trol handle 74 is provided for changing the 
position of the SCOOp. 70. Liquid entering the 
Scoop passes through an outlet paSSage 6 and 
thence through an outlet pipe 78, from which 
it goes to an oil cooler (not shown) and returns 
directly to the clutch through the inlet pipe 64. 
The amount of oil in the clutch therefore de 
pends upon the position of the Scoop 70, for 
the oil discharge at 66 is Substantially constant 
and the amount of oil in the clutch depends 
upon the amount allowed by the scoop to re 
main at 68. 
The new combination, as illustrated by this 

embodiment, enables the use of a standard type 
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scoop-controlled hydraulic clutch, designed for 
horizontal mounting, in a vertical motor centrif 
ugal drive, which formerly could not be done in 
Such driving arrangements because it, WaS neces 
sary to mount the coupling in an upside down 
position. 
In the Operation of this embodiment, the notor 

30 is preferably maintained under constant rota 
tion as heretofore mentioned, and torque is trans 
mitted to the centrifugal through the SCOOp COI)- 
trolled fluid clutch, which slipS and abSOrbs the 
heat generated during acceleration, thereby free 
ing the motor from overloads and overheating. 
The torque of the clutch 40 is varied by chang 
ing the position of the scoop O. Adjustments 
of the Scoop and of the torque produced by the 
clutch may be made either by manual control of 
the lever 4, or by automatic control of the lever 
74 through mechanism of any suitable construc 

tion, 
It will be understood that, in the use of this 

particular embodiment, as the centrifugal in 
creases in speed there will be a reduction in the 
slip of the clutch and a reduction in torque 
transmission unless the amount of oil in the 
clutch is increased. Such increase may be ef 
fected through control of the scoop 70 when 
it is desired to maintain the accelerating torque 
of the clutch substantially constant. 
The embodiment of Figures 7 to 11, inclusive, 

therefore will be understood to possess SCme but 
not all of the features and advantages of the 
embodiment of Figure 1 to 6, inclusive. This 
second embodiment may be employed to advan 
tage, for example, in the processing of low grade 
massecuites where prolonged purging is desired 
at the maximum speed of the centrifugals and 
where quick control over the centrifugal drive is 
not essential. Inasmuch as the SCOOp Controlled 
clutch as shown requires a substantial period of 
time, usually from six to ten seconds, to become 
emptied, and also a substantial period of time to 
become active and to react to changes in the 
scoop position, it will be evident that this par 
ticular form is not as Satisfactory as the first 
embodiment. 
In Figures 12 to 17, inclusive, I have illustrated. 

a third embodiment of my invention, Wherein the 
arrangement and combination of the centrifugal 
with its driving System, and the driving motor 
30, may be substantially the same as in the pre 
viously described embodiments, but wherein the 
variable torque slip clutch is a friction clutch in 
stead of a fluid clutch. The motor 30 is a hollow 
shaft motor mounted on a base plate 34 Secured 
to the centrifugal frame-work F, as previously de 
scribed, and a driven shaft 28b extends through 
the hollow motor shaft 32 and is connected With 
the basket-carrying spindle 2 through a flexible 
coupling inside of the centrifugal head 4 in any 
desired manner. To the upper end of the hollow 
motor shaft 32 is keyed a spider 202 which Sup 
ports an annular friction rim 204 constituting 
one element of a mechanical clutch 200. Thus 
the friction rim 204 is kept in constant rotation 
with the motor. 
The driven shaft 28b extends above the Spider 

2O2 and has keyed thereto a clutch arm. 206 
which extends to both sides of the Shaft and 
carries oppositely disposed stub shafts 208 there 
on. These stub shafts serve as fulcrums for 
clutch levers 20. The arcuate clutch shoes 22, 
having friction linings 24 thereon, are provided 
with backward extensions 26, each of which car 
ries, a forward stub shaft 28 and a backward. 
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stub shaft, 22. The stub shafts 28 and 220 of 
the respective extensions are arranged in parallel 
relation and swivelled in the clutch arms 20 on 
opposite sides of the stub shafts 268. See Fig 
ures 13, 15 and 16. It will therefore be evident 
that the clutch shoes and their eXtensions, the 
clutch levers 20 and the clutch an 206 all ro 
tate in unison on the shaft 28b, and also that the 
clutch evers 20 are free to turn in unison on 
their respective stub shafts 208 so as to cause 
the clutch shoes to be moved together either into 
or out of engagement With the inner Surface of 
the friction rim 204. 

Integral with each of the extensions 26 is a 
support 222 for a roller 224 that is disposed ad 
jacent to the hub of the clutch arm. 206. A clutch 
wedge 226 is mounted on the upper end of shaft 
28b for sliding movement into engagement with 
the rollers 224. The wedge 226 is equipped with 
a non-rotary collar 228 which is movable in axial 
direction by a clevis 230 on One end of an actuat 
ing lever 232. The lever 232 is fulcrumed on a 
stationary pivot 234, and its other end is Con 
nected with the plunger 236 of a pressure cylin 
der 238. An inlet pipe 240 admits a fluid pres 
sure medium into the cylinder from a suitable 
Source of hydraulic or pneumatic pressure, the 
pipe preferably having a pressure operating Valve 
242 therein under the control of a lever 244. 
The clutch levers 20 have weighted extensions 

2 at one end thereof. Compression springs 246 
are provided between these extensions and Spring 
seats 248 integral with the shoe extensions 26. 
These springs keep the clutch, shoes retracted 
from the rim. When the machine is at IeSt. 
The clutch lever extensions 2 are so weighted 

that they will counter-balance the weight of the 
clutch shoes 22, keeping the shoes from being 
pressed against the rim 204 by centrifugal force, 
and preventing the pressure of the shoes against 
the rim from being influenced by their speed of 
rotation. Pressure of the shoes against the rin 
is obtained, instead, by downward pressure on the 
clutch Wedge 226, which applies a certain pressure 
to the rollers 224 and thence to the clutch shoes. 
The torque produced by the clutch is proportion 
ate to the pressure applied to the clutch Wedge. 
By means of the illustrated fluid-pressure CCIntrol 
System, or any other suitable System, this torque 
is made subject to variation Within Wide limitS. 
At the start of a cycle of operation, the motor 

30 may be running at half Speed, or at full speed 
in the case of a single Speed notor, and the fric 
tion rim 24 rotates at the motor Speed. The 
centrifugal is started for loading by turning the 
control lever 244 to apply a certain fluid pressure 
in the cylinder 238 and thus obtain the desired 
torque for the loading operation. For the ac 
celeration stage of the cycle the preSSu'e regulat 
ing valve 242 is adjusted to provide the maxinun 
pressure on the clutch shoes, or Such other pres 
sure as may be desired to obtain the desired a C 
celerating torque. The clutch continues to de 
velop a substantially uniform torque until the 
centrifugal has nearly reached the top Speed of 
the motor, at which time the clutch stops slip 
ping. At the end of the running Stage of the 
cycle, particularly in the case of a tWO Speed 
driving motor, the motor may be Switched back to 
its lower or half speed, whereupon regenerative 
braking takes place while the clutch has a rela 
tive slip in a direction opposite to the direction 
of slip during the acceleration stage. When the 
centrifugal has been decelerated to approxi 
mately the lower motor Speed, the pressure valve 
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242 is closed, causing the clutch to be automat 
ically disengaged, and the mechanical brake 20 is 
applied to stop the machine. Again, the dis 
Charging operation may be carried out by slipping 
the clutch instead of jogging the motor. 
The heat developed during acceleration and re 

generative braking is developed in the clutch and 
is dissipated by suitable cooling means such as 
the Water Cooling System illustrated in Figure 14. 
As shown in that figure, a water housing 250 is 
mounted on the top of the motor casing 36 to 
Surround the friction rim 204, seals 252 and 254 
being provided between the rim and the housing 
to avoid the escape of liquid. A spray nozzle 256 
is mounted in the housing 250 and arranged to 
deliver a water spray against the outer face of the 
friction rim 204. Water is delivered to the spray 
nOZZle through an inlet pipe 258. A discharge 
pipe 260 communicates with the bottom of the 
housing 250 to draw off water collected therein. 
From the foregoing descriptions it will be un 

derstood that each of the several illustrated em 
bodiments of my invention possesses distinct fea 
tures and advantages which are not available 
from known motor driven centrifugals. In each 
instance, the driving motor can be wound for a 
higher average horse power, because the heat de 
Veloped during acceleration and during regenera 
tive braking is absorbed by the slip clutch. The 
power drain on the notor is much more even than 
in the case of known motor driven machines, and 
extra high power peaks are eliminated. The mo 
tOr can have an excess of power, and still the ac 
celeration can be held to almost any desired pe 
riod of time by reason of the variable torque 
transmission of the installation. 
The loading and discharging of the centrifugal 

may be carried out more easily than in the case 
of known motor driven machines, and the exces 
sive power peaks obtained when discharging such 
machines by jogging the motor are eliminated, 
The provision for constant rotation of the driv. 
ing motor, either at full speed, or at half Speed in 
the case of a two-speed motor, makes it unneces 
sary to accelerate the motor parts from stand 
still every cycle, and also enables the motor to 
cool itself efficiently while the basket and spindle 
assembly are decelerating or at rest. 
The new combinations herein disclosed also 

have distinct advantages in respect of their ne 
chanical arrangement and installation features. 
The centrifugal Spindle and head may be sus 
pended from the usual centrifugal framework, 
and the driving motor may be mounted on this 
framework in a Conventional manner. This 
keeps the motor close to the head and contributes 
to efficient operation. The variable torque slip 
clutch becomes a part of the motor itself and is 
installed with the motor without requiring addi 
tional Space or Special Support.S. Nevertheless, 
the clutch is readily accessible and can be re 
paired or dismounted without disturbing the rest 
of the machine. 
Although I have referred specifically to ma 

chines which Would be operated at top speeds cor 
responding to the top speeds of the driving no 
tors, I wish to point out that the new combina 
tions herein disclosed may be employed for opera 
tions at Speeds different from the motor speeds, 
for example, by the provision of frequency chang 
ers for the notorS, or as disclosed in my Copend 
ing application, Serial No. 394,423, filed May 21, 
1941. 

I have illustrated and described Several specific 
embodiments of my invention in sufficient detail 
to permit the ready adaptation and use thereof 
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7 
by those skilled in the art, but it will be under 
stood that the various new features herein dis 
closed may be utilized in other ways and embod 
ied in numerous forms and types of construction 
Without restriction to the specific arrangements 
and details herein disclosed. I therefore desire 
that my invention be accorded a scope fully com 
menSurate with its novel contributions to the art, 

- as intended to be set forth in the appended 
claims. 

I claim: 
1. In a centrifugal machine comprising a sus 

pended basket-carrying spindle and a driving 
shaft therefor, a variable torque hydraulic clutch 
having impeller and runner elements connected 
respectively With said shaft and said spindle to 
transinit torque therebetween, a clutch liquid Sup 
piy System extending into the clutch, the clutch 
having means for discharging liquid therefrom, 
torque control means including shiftable valve 
means in said Supply System to regulate the liquid 
Supply to the clutch, an angularly movable nem 
ber connected with said valve means and respon 
sive to the torque of the machine to urge said 
Valve means toward closed position, and means 
Connected with said Valve means for applying 
thereto a yieldable force to urge the same toward 
Open position in opposition to such torque, where 
by a maximum torque proportionate to such force 
may be maintained, and manually operable means 
accessible to an operator of the machine for regu 
lating the force of Said force-applying means so 
as to Vary the maximum torque of the machine. 

2. In a centrifugal machine comprising a sus 
pended basket-carrying Spindle and a driving no 
tor having a driving shaft, means including a 
Variable torque hydraulic clutch to transmit 
torque between said shaft and said spindle, and 
control means Operative When said clutch is op 
erative to limit the torque of the machine and 
hold the acceleration thereof substantially con 
Stant, said control means comprising means shift 
able in response to said torque in a direction to 
reduce the quantity of liquid in said clutch, means 
to apply to said shiftable means a predetermined 
force opposing the action of Said torque there 
upon and tending to increase the quantity of 
liquid in said clutch, and manually operable means 
for rendering said force-applying means active 
and inactive. 

3. A machine as described in claim 2 wherein 
the force-applying means COinprise means for 
supplying fluid under pressure to said shiftable 
means, and wherein the manually Operable means 
comprise a Variable pressure-regulating Walve for 
turning off and on the fluid pressure and Select 
ing desired Walties thereof. 

4. In a centrifugal machine comprising a SLS 
pended basket-carrying spindle, a motor there 
above having a driving shaft, and a hydraulic 
coupling for delivering torque from said shaft to 
said spindle, means for supplying liquid into 
and for discharging liquid from Said Coupling, Con 
trol means operative When Said coupling is Op 
erative to vary the action of the aforesaid finea.I.S, 
said control comprising means Shiftable in reac 
tion to said torque in a direction to decrease the 
filling of the coupling, means to apply to Said 
shiftable means a predetermined force OppCsing 
the action of said torque thereupon and tendirig 
to increase the filling of the Coupling, and naill 
ally operable means for rendering Said force-ap 
plying means active and inactive whereby to start 
and stop the transmission of power to the Spindle. 

5. In a centrifugal machine for Cyclical Opera 
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tion including a suspended basket-carrying spin 
dle, an electric motor having a hollow driving 
shaft mounted in Vertical position above Said 
spindle, a driven shaft extending Vertically 
through said hollow shaft, a flexible Conrietition 
between the lower end of said driven shaft and 
said spindle, and slip clutch means above Said 
motor including cooperating clutch elements Se 
cured to said driven shaft and said hollow shaft, 
respectively, and Operative to Slip and generate 
heat therein whenever the torque thereoil eX 
ceeds a predetermined Value. 

6. In a centrifugal machine for cyclical Cpera 
tion including a suspended basket-carrying Spin 
dle, an electric motor having a hollow driving 
shaft mounted in vertical position above Said 
spindle, a driven shaft extending vertically 
through said hollow shaft, a flexible connection 
between the lower end of said driven shaft and 
said spindle, variable torque slip clutch means 
above said motor for transmitting torque fron 
said hollow shaft to said driven Shaft, and CCn 
trol means operable during operation of the Cen 
trifugal for varying and controlling the torque 
developed by Said clutch means. 

7. In a centrifugal machine for cyclical opera 
tion including a suspended basket-carrying spin 
dle, an electric motor having a hollow driving 
shaft mounted in vertical position above Said 
spindle, a driven shaft extending vertically 
through said hollow shaft, means connecting said 
driven shaft for rotation with Said Spindle aid 
hydraulic clutch means mounted on the upper 
end of said motor and having cooperating clutch 
elements connected respectively with said hollow 
shaft and said driven shaft. 

8. In a centrifugal machine for Cyclical Opera 
tion including a suspended basket-carrying Spin 
dle, an electric motor having a hollow driving 
shaft mounted in vertical position above Said 
spindle, a driven shaft extending Vertically 
through said hollow shaft, means Connecting Said 
driven shaft for rotation with said spindle, and a 
scoop-controlled hydraulic clutch mounted above 
said motor having an impeller and a runner Con 
nected respectively with said driving shaft and 
said driven shaft for transmitting torque from 
said motor to Said Spindle, said clutch having a 
housing connected to rotate thereWith and to re 
ceive and hold liquid expelled from between the 
clutch members during Operation, control Ileans 
including an adjustable scoop to withdraw liquid 
from said housing and recirculate the liquid be 
tween the clutch members, and means to vary the 
setting of said scoop to vary the Volume of liquid 
between the clutch members and thus select the 
torque to be delivered from the notor to the m3, 
chine. 

9. In a centrifugal machine for cyclical opera 
tion including a suspended basket-Carrying S{in 
dle, an electric motor having a hollow driving 
shaft, mounted in vertical position above said Spin 
dle, a driven shaft extending vertically through 
said hollow shaft, means connecting the lower 
end of said driven shaft for rotation. With Said 
spindle, a variable torque friction clutch mounted 
at the upper end of said motor and having clutch 
members connected respectively With said hollow 
shaft and the upper end of said driven Shaft for 
transmitting torque from Said notor to Said ma 
chine, fluid pressure responsive means associated 
with said clutch to determine the friction and 
thereby the maximum torque transmission there 
of, and means operable at will in the use of the 
machine for supplying fluid under preSSlire to 
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said pressure responsive means, fluid pressure-re 
sponsive means for pressing said clutch members 
together to Set the friction and thereby the max 
imum torque transmission thereof, and means 
Operable at will in the use of the machine for sup 
plying fluid under preSSure and for discontinuing 
the fluid pressure to Said pressure-responsive 
EaS. 
10. In a centrifugal machine for cyclical Oper 

ation including a suspended, gyratory, basket 
carrying Spindle, an electric motor having a hol 
low driving shaft mounted in Vertical position 
above said Spindle, a driven shaft extending ver 
tically through said hollow shaft, a positive but 
flexible connection between the lower end Of Said 
driven shaft and said spindle, a variable torque 
hydraulic clutch mounted at the upper end of 
Said motor, said clutch including an impelle con 
nected for rotation. With said hollow shaft and a 
runner connected for rotation with Said driven 
shaft, and means responsive to the torque being 
delivered to said spindle for controlling the Wol 
lume of liquid in the clutch so as to hold substan 
tially constant, the accelerating torque of the ma 
Chine. 

li. In a centrifugal machine for cyclical opera 
tion including a suspended, gyratory, basket-car 
rying spindle, an electric motor having a hollow 
driving shaft nourted in vertical position above 
said spindle, a driven shaft eXtending Vertically 
through said hollow shaft, a positive but flexible 
connection between the lower end of Said driven 
shaft and said spindle, a variable torque hy 
draulic clutch mounted at the upper end of said 
motor including an impeller connected for rota 
tion With said hollow shaft and a runner con 
nected for rotation. With Said driven shaft, Said 
hydraulic clutch including means l'esponsive to 
the torque developed thereby for automatically 
controlling the volume of fluid therein so as 
to maintain the accelerating torque thereof sub 
stantially constant. 

12. In a centrifugal machine for cyclical opera 
tion including a Suspended, gyratory, basket-car 
rying Spindle, an electric notor having a hollow 
driving shaft mounted in vertical position above 
Said Spindle, a driven shaft extending vertically 
through said holioW shaft, a positive but flexible 
cGinection between the lower end of said driven 
Shaft and Said Spindle, a Variable torque hydrau 
lic clutch above Said notor including an impeller 
Corrected for rotation. With Said hollow Shaft and 
a runner connected for rotation With said driven 
shaft, said hydraulic clutch including means ro 
tatable With said impeller but movable relative 
thereto in response to Variations in the torque 
thereof for controlling the amount of fluid in, 
and thereby maintaining unifornin the torque 
transmission of, Said clutch. 

13. In a motor driven centrifugal machine con 
pirising a SlSpended basket-carrying spindle, an 
electric driving motor mounted in vertical posi 
tion on fi'aneWork above said spindle, said mO 
tor having a hollow driving shaft, a driven shaft 
p3Sitively but flexibly connected with said Spindle 
and extending Wertically through said hollow 
Shaft, a Variable torque hydraulic clutch mounted 
On top of said motor and having cooperating im 
peller and "Unner linenbers connected respectively 
for 1'Ctation. With said hollow shaft and said driv 
en shaft to transmit torque therebetween, a clutch 
liquid supply System extending into the clutch, 
the clutch having means for discharging liquid 
therefron, torque control means including shift 
able Valve means in said supply system to regu 
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late the liquid supply to the clutch, an angularly 
movable member connected with said valve means 
and responsive to the torque of the machine to 
urge said valve means toward closed position, and 
means connected. With Said valve means for urg 
ing the same toward open position with a pre 
determined force opposing such torque, where 
by a maximum torque proportionate to such force 

may be maintained, manually operable means for 
rendering said liquid Supply system active or in 
active, and brake means including a brake drum 
mounted for rotation with said spindle, whereby 
the machine may be stopped by the brake With 
the motor running when the Supply System is 
rendered inactive. 

JOSEPH HERTRICH. 
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