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This invention relates to industrial centrifuges and
provides means for effectively arresting rotation of the
centrifuge basket when so-called “out-of-balance” vibra-
tion or centrifuge basket imbalance-of-rotation frequency
of vibration occurs in the course of loading the centrifuge
basket with a slurry of solids. More particularly. the
invention relates to centrifuges known as industrial sus-
pended-basket type or batch centrifuges, utilized mainly
in the chemical industry for the recovery of solids from
aqueous slurries,

Conventional basket or batch centrifuges are invariably
mounted with the axis of the centrifuge basket disposed
in the vertical plane, and, because of the possibility of
uneven loading of the machine, the basket is normally
supported by bearings, either above or below the basket,
in a frame, so that a certain degree of flexibility in load-
ing of the basket is provided. Centrifuges with the sup-
port-bearing above the basket are usually called either
“suspended” or “overhung” type cenirifuges, and it is
to this type of centrifuge, that is to say, industrial sus-
pended-basket type cenirifuges, that the present invention
applies in particular, Centrifuges of this particular type
are constructed in such a way as to remain balanced when
they are loaded unevenly with solids. The centrifuge
basket is supported by an overhung bearing mounted in
rubber to provide flexibility, the basket being free to
oscillate about the support bearing, which is a fulcrum.
The amount of oscillation is governed by the amount of
flexibility in the rubber mounting of the support bear-
ing, the basket rotating about its centre of gravity.

In the operation of centrifuges, particularly the sus-
pended-basket type, vibrations can occur when the cen-
trifuge basket is being loaded with a slurry of solids.
These vibrations are of two kinds. The first is when
there is an uneven loading of the slurry of solids, in this
case the solids in the slurry distributing unevenly around
the centrifuge basket with the result that the centrifuge
rotates about the centre of gravity of the mass of the
centrifuge basket and solids. With this kind of vibra-
tion, the frequency corresponds to the centrifuge basket
speed of rotation The amplitude of vibration will
depend on the distance the original centre of gravity has
been displaced. The displacement of the centre of gravity
depends on the mass of solids loaded unevenly, With
this type of vibration the amplitude of vibration is con-
stant, and the centrifuge remains stable and balanced.
This is shown in FIG. 1 of the accompanying drawings,
which graphically illustrates vibration amplitude Y and
vibration frequency X as being constant, the frequency
X being the natural frequency of vibration of the centri-
fuge basket and corresponding to the speed of rotation,
said natural frequency being measured by manually dis-
placing the centrifuge basket sideways, allowing the basket
to oscillate freely, and measuring the frequency of oscilla-
tion.

The second kind of vibration, which is essentially
one of increasing intensity of amplitude, usually occurs
when the centrifuge is being initially charged with a
slurry or during washing processes when liquids are being
charged on top of a layer of solid particles on so-called
“cake.” They only occur when the slurries or liquids
are charged too quickly or in long bursts. The liquids
do not filter out quickly and a layer of liquid is formed
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on top of the cake. This vibration is a secondary vibra-
tion and is shown in FIG. 2 of the accompanying draw-
ings, which graphically illustrates the increase in ampli-
tude of vibration amplitude Y, a vibration frequency
Z being superimposed on vibration frequency X. The
amplitude of vibration is of increasing intensity and
violent centrifuge basket imbalance-of-rotation occurs.
The supposition is that the second kind of vibration is
caused by the layer of liquid on top of the cake in the
basket “slipping” and rotating around the basket at a
speed slower than the speed of the basket, a series of
“waves” being set up which rotate around the basket
thereby causing the centre of gravity to shift continual-
ly. The centrifuge basket is assumed to endeavour to
rotate around the shifting centre of gravity and becomes
unbalanced. From measurements made with a sus-
pended-basket type centrifuge, the frequency of the sec-
ond kind of vibration was found to correspond to the
natural frequency of the centrifuge basket and is en-
countered when the centrifuge basket is rotating up to
or down from maximum speed and when the centrifuge
basket is in imbalance.

In order effectively to arrest said second kind of vibra-
tion, the centrifuge drive motor must be de-energized
and the centrifuge brake applied within a second or two
of the imbalance-of-rotation vibrations occurring, In
examining the problem of effectively arresting such im-
balance-of-rotation vibrations it was found by us that
vibrational amplitude was ineffective as a sensing medium
because the amplitude at which a sensing device based
thereon might operate was too great to ensue effective
arresting of the imbalance-of-rotation vibrations. An
amplitude sensing device set to operate at small enough
amplitudes to ensue effective control was found to
operate when the centrifuge encountered the first occur-
rence of vibration.

We have now developed centrifuge basket imbalance-
of-rotation arresting or control means for industrial cen-
trifuges, in which a resonant reed device resomant-re-
sponsive to centrifuge basket imbalance-of-rotation fre-
quency of vibration is arranged to de-energize the cen-
trifuge electric-drive motor and actuate the centrifuge
basket braking mechanism when imbalance-of-rotation
vibration is encountered and bring the centrifuge basket
to rest. The arangement conventiently comprises a
nant reed and weight device tuned to the natural frequency
quency of the centrifuge basket and resonant-responsive
to centrifuge basket imbalance-of-rotation vibration,
said reed and weight device being located to strike
and actuate an electrical microswitch in the centrifuge
drive motor electrical circuit for de-energizing said
motor and actuating the centrifuge basket brake mech-
anism. When the frequency of vibration of the centrifuge
basket corresponding to the natural frequency of vibra-
tion of said resomant reed and weight device is en-
countered in reaching the maximum speed or rotation of
said basket, causing incidental resonance of the reso-
nant reed and weight device and which would re-
sult in accidental de-energization of the drive motor
and actuation of the centrifuge basket brake mechanism,
an electrical switch is included in said circuit to restrain
de-energization of said motor and allow the centrifuge
basket to reach maximum speed. By the application of
this invention, centrifuge basket imbalance-of-rotation
can be arrested automatically before it becomes danger-
ous.

Thus, in accordance with this invention, centrifuge bas-
ket imbalance-of-rotation arresting means is provided in
an industrial centrifuge equipped with an electrical drive
motor and a brake for the centrifuge basket, said arrest-
ing means comprising a resonant reed device resonant-
responsive to centrifuge basket imbalance-of-rotation fre-
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quency of vibration, means for de-energizing said elec-
trical drive motor and actuated when said resonant reed
device resonates responsive to said centrifuge basket
imbalance-of-rotation frequency of vibration, means for
actuating said centrifuge basket brake when said resonant
reed device resonates respounsive to said centrifuge basket
imbalance-of-rotation frequency of vibration, and means
restraining de-energization of said electrical drive motor
and actuation of said centrifuge basket brake when the
frequency of vibration of the centrifuge basket corre-
sponding to the natural frequency of vibration of said
resonant reed device is encountered in reaching the maxi-
mum speed of rotation of said centrifuge basket.

More particularly, the invention provides centrifuge
basket imbalance-of-rotation arresting means in an in-
dustrial suspended-basket type centrifuge equipped with
an electrical drive motor and a brake for the centrifuge
basket, said arresting means comprising a resonant reed
and weight device resonant-responsive to centrifuge bas-
ket imbalance-of-rotation frequency of vibration, drive
motor de-energizing means comprising a primary elec-
trical switch in said drive motor electrical circuit and
switch actuating mechanism located to be struck by said
resonant reed and weight device when said resonant reed
and weight device resonates responsive to said centrifuge
basket imbalance-of-rotation frequency of vibration, a
secondary electrical switch in said electrical circuit for
actuating mechanism connected to apply said centrifuge
basket brake when said drive motor is de-energized, and
an electrical short-circuiting switch in said electrical cir-
cuit connected to short-circuit said primary electrical
switch means and maintain operative said drive motor
until the centrifuge basket passes a speed of rotation cor-
responding to the natural frequency of vibration of said
resonant reed and weight device in reaching the maxi-
mum speed of rotation of said centrifuge basket.

Said drive motor de-energizing means preferably com-
prises a switch actuating member located to be struck by
said resonant reed and weight device when said resonant
reed and weight device resonates responsive to said cen-
trifuge basket imbalance-of-rotation frequency of vibra-
tion, and a primary electrical switch in said drive motor
electrical circuit connected for actuation by said switch
actuating member; whilst the centrifuge basket brake ac-
tuating means preferably comprises a spring-loaded ram
urging operation of the brake and fluid pressure con-
strained from said operation, a solenoid valve operative
to admit fluid under pressure from a source of supply to
said ram or vent fluid from said ram, and a secondary
electrical switch in said drive motor electrical circuit
connected to actuate said solenoid valve and vent fluid
from said ram when said drive motor is de-energized.
In this embodiment of the invention, a fluid-pressure sensi-
tive electrical switch is advantageously interposed between
said fluid pressure source of supply and said solenoid
valve and connected in said drive motor electrical cir-

cuit for short-circuiting said drive motor when said ram’

has less than a predetermined fluid pressure operative to
constrain said centrifuge basket brake actuating means.
The provision of said fluid-pressure sensitive electrical
switch is a safety measure to ensure that the drive motor
is automatically de-energized and not damaged by con-
tinued operation and over-heating in the event that the
centrifuge basket brake mechanism is accidentally actu-
ated due to a pressure failure in the fluid-pressure source
of supply.

The resonant reed and weight device are conveniently
mounted on the centrifuge so as to be suspended axially
above the basket suspension shaft of a suspended-basket
type centrifuge, whilst the spring-loaded ram, the sole-
noid valve, and the secondary electrical switch are con-
veniently mounted on the centrifuge frame, the spring-
loaded ram being suitably connected to the centrifuge
brake mechanism. For this purpose, the assembly of the
resonant reed and weight device, the switch actuating
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member located to be struck by said resonant reed and
weight device, and the primary electrical switch may be
embodied in a housing fixed to a stub shaft mounted to
freewheel stationarily on the upper end of the basket sus-
pension shaft with the resonant reed and weight device
suspended axially above the basket suspension shaft.

In order, however, that the invention may. be fully
understood, further reference will be made to the accom-
panying drawings, which illustrate said practical embodi-
ment of the invention, and in which drawings:

FIG. 3 is a front elevational view partially broken
away and in section of a suspended-basket type centrifuge
equipped with arresting means constructed in accordance
with the present invention, for the centrifuge basket when
imbalance-of-rotation vibration occurs;

FIG. 4 is an enlarged front elevational view partially
broken away and in section of the housing and motor de-
energizing means assembly seen in FIG. 3;

FIG. 5 is a cross-sectional plan view taken at lines 5—S5
of FIG. 3;

FIG. 6 is a cross-sectional plan view taken at lines 6—6
of FIG. 3; and

FIG. 7 is a diagrammatic view of the centrifuge drive
motor electrical circuit and including the electrical switches
specified above.

Referring to FIGS. 3 to 6 of the drawings, the sus-
pended-basket type centrifuge illustrated therein is shown
to consist of a frame formed by a pair of vertical channel
members 1 joined by an overhead beam section 2, a
centrifuge-basket casing 3 extending between said ver-
tical channel members 1. Centrifuge basket 4 is sus-
pended in said casing 3 by means of basket-suspension
shaft 5 supported in bearing 6 located in overhead beam
2, the bearing 6 having a rubber liner 7 to provide fiexi-
bility in the suspension of centrifuge basket 4. Basket-
suspension shaft 5 has a drive pulley 8 and a brake drum
or pulley 9. Belt driving 10 connects drive pulley 8 with
centrifuge drive motor 11 mounted on the centrifuge
frame 1 by bracket 12. Basket suspension shaft 5 also
has a coupling 13 fixed to the upped end of said shaft,
a stub shaft 14 being fitted to freewheel stationarily in
the coupling. Said coupling 13 may also have a dog
clutch 13A, the dog clutch being operative only when
a centrifuge plow (not shown) is employed, in which
case a plow drive pulley (not shown) is fixed to frustum
portion 14A of stub shaft 14 in lieu of the assembly
shown fixed to said frustum, in order to rotate the basket
suspension shaft 5 in a direction counterwise to the
rotation direction of drive pulley 8, in the plowing the
basket load for discharge from the basket. Basket brake
mechanism 15 is suitably mounted on overhead beam 2
to co-act with brake drum 9.

Fixed to frustum 14A of stub shaft 14, in accordance
with the invention, is a housing structure 16 which ad-
vantageously is restrained by chain 17 attached to the
housing structure and to overhead beam 2, from gaining
rotation momentum through stub shaft 14 freewheeling
in coupling 13. Suspended from the top of the housing
structure 16 and depending axially above the basket sus-
pension shaft § is a spring steel resonant reed 18
having a weight 19 attached to the outer end of said
reed. The mass of the reed and weight device is rela-
tively small so that it responds quickly to centrifuge
basket imbalance-of-rotation vibration and reaches am-
plitudes of say two inches in about 1.50 seconds, the
weight 19 being chosen so that the reed and weight is
taned for resonance in sympathy with the natural fre-
quency of vibration of the centrifuge basket 4. Limit-
stop 20 protrudes from one side of the housing structure
16 to restrict the amplitude of oscillation of the reed and
weight device, in order to lessen metal-fatitgue rate of
the reed. Extending from the other side of said hous-
ing structure 16 and located to be struck by said reed
and weight device when resonating as indicated, is a
switch actuating arm 21 of primary electrical switch or
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microswitch 22, said microswitch 22 being included in
the centrifuge drive motor electrical circuit for de-
energization of said motor. Switch actuating arm 21
is so disposed in the housing structure and set that the
reed and weight device is arranged to strike said switch
arm within approximately 1.00 seconds of centrifuge
basket imbalance-of-rotation vibration occurring.

Brake drum 9 is engaged by basket friction-brake
band 23 actuated by the basket brake mechanism 15.
Said brake mechanism 15 cossists of a fluid-pressure
ram cylinder 24 pivotally mounted on supporting bracket
25 attached to the overhead beam 2 of the centrifuge
frame and having a compression spring 26 reacting against
ram plunger 27, the ouier end of said ram plunger being
pivotally connected to one end of lever 28 which is
attached at the other end to pivot 29 mounted on a
transverse member 30 of the centrifuge frame overhead
beam 2. The ends of friction-brake band 23 are also
attached to lever 28 and pivot 29, outward movement
of ram plunger 27 causing said friction-brake band 23
to be tightened about brake drum 9 an exert a braking
action on brake drum 9. Compression spring 26 urges
braking operation of friction-brake band 23 in reacting
against ram plunger 27 but is constrained from such
operation by fluid-pressure admitted to ram cylinder 24
by finid-pressure line 31 serviced from any suitable fluid
pressure source of supply (not shown). A supply of
air pressure is adequate for the purpose. Solenoid valve
32 is located in fluid-pressure line 31 to admit the supply
of fluid pressure to ram cylinder 24 in constraining the
compression spring 26 from operation of the brake,
or, to vent fiuid from said ram cylinder so that said
compression spring 26 may effect operation of the brake.
The solenoid valve 32 has a secondary electrical switch
(not shown in FIGS. 3 to 6 but shown in FIG. 7) in the
centrifuge drive motor electrical circuit for actuation
to vent fluid pressure from ram cylinder 24 when said
drive motor is de-energized. Also imposed in fluid-
pressure line 31 and located between said solenoid valve
32 and the fluid pressure source of supply is fluid-
pressure sensitive switch 33, which is connected in the
centrifuge drive motor electrical circuit for short-
circuiting energization of said drive motor when said
ram cylinder 24 has less than a predetermined fiuid pres-
sure which is operative to constrain said compression
spring 28 from actuating the brake.

Centrifuge drive motor 11 is provided with a con-
ventional type of centrifugally operated electrical short-
circuiting switch means 34 connected in the electrical
circuit of said motor to short-circuit primary electrical
switch or microswitch 22 and maintain said motor opera-
tive when the centrifuge basket 4 passes a speed -of rota-
tion causing vibrations corresponding to the natural fre-
quency of vibration of the reed and weight device,
in reaching the maximum speed of rotation of said
basket. Switch means 34 is driven by belt-drive 35 from
a pulley 36 on centrifuge clutch 37 of drive motor 11.
Housing structure 16 may be enclosed by a woven metal
gauze to form a cage for the protection of the resonant
reed and weight device and incidentally prevent loss of
the weight in the event that the spring steel of the resonant
reed were to break due to metal fatigue.

FIG. 7 of the drawings shows an electrical circuit
diagram suitable for the apparatus of the invention. In
the circuit diagram, B represents the fluid-pressure sen-
sitive switch 33 introduced into the circuit to prevent
the centrifuge from operation until and unless there is
a predetermined fluid or air pressure to operate the
brake mechanism. The switch 33 is normally closed
if the fluid pressure is sufficient to constrain the com-
pression spring 26 from actuating the brake. The switch
33 will open only if the fluid or air pressure in the ram
cylinder 24 is less than that predetermined for the pur-
pose. D represents the electrical short-circuiting switch
means 34 and operates to short circuit microswitch 22
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and prevent microswitch 22 from denergizing the centri-
fuge basket when accelerating through the speed exceed-
ing that corersponding to the reed and weight device
natural frequency of vibration. The short-circuiting
switch D is normally closed and will not open until
the centrifuge basket exceeds such speed. E represents
the microswitch 22, which is normally closed and opens
only when struck by the reed and weight device, F
represents the centrifuge basket drive motor stop-start
station switch. G represents the centrifuge basket drive
motor relay supplying three phase current to said motor,
when closed by pressing the start buiton of the stop-
start station switch. H represents an auxiliary contactor
normally open and coupled to the drive motor con-
tactors for closing when the drive motor contactors are
closed by pressing the start button. The closing of the
auxiliary contactor H will energize the solenoid valve
32. 7 represents a fuse. K represents the solenoid
valve 32 which opens when energized, admitting fluid
or air pressure to ram cylinder 24 and constraining the
brake from operation or releasing the brake after opera-
tion. The solenoid valve is designed to vent the ram
cylinder 24 to apply the brake when de-energized, the
arrangement being such that when the start button is
pressed the solenoid valve is energized thus releasing
the brake and allowing the centrifuge to rotate. When
the microswitch 22 is actuated or the stop button is
pressed the solenoid valve is de-energized thus venting
the ram cylinder 24 and causing application of the
brake, L represents a hold-in contactor which holds
the three phase current and auxiliary contactor after the
start button has been reelased, when the centrifuge
basket is in the starting stage. M is a thermal overload
to protect the centrifuge drive motor from overheating
by so-called “two-phasing” of the three phase cur-
rent supply.

In operation, when the start buiton of the stop-start
station is pressed to start the centrifuge drive motor 11,
current flows from the active lead of the circuit through
switch B (which is closed due to sufficient air pressure
in ram cylinder 24), through speed switch D (closed due
to the centrifuge basket being stationary), through stop-
start staticn, through relay G, through thermal overload
swich M to the neutral lead. When relay G is energized
it closes contactors L and H and the three phase drive-
motor contactors, which start the centrifuge drive motor.
With contactor H closed, the current flows from active
lead through fuse J, then energizes solenoid valve K which
releases the brake, allowing the centrifuge basket to
rotate. When the start button is released, contactor L
being closed causes the current to by-pass the start but-
ton and keep relay G energized thus maintaining the cir-
cuit active. As the centrifuge basket speed of rotation
passes the critical speed corresponding to the natural
frequency of vibration of the reed and weight device,
switch D opens, making microswitch E active. In the
event of centrifuge basket imbalance-of-rotation vibra-
tion occurring, microswitch E is opened by being struck
by the reed and weight device thereby breaking the cir-
cuit to relay G. With relay G de-energized, contactors
L and H open, causing solenoid valve XK to be de-energized,
whereupon the three phase current is cut from centrifuge
drive motor and the brake is applied. When the stop
button is pressed the circuit to relay G is broken, the
centrifuge motor is de-energized and the brake is ap-
plied as in the case of centrifuge basket imbalance-of
rotation vibration.

The embodiments of the invention in which an ex-
clusive property or privilege is claimed are defined as fol-
lows:

1. An imbalance-of-rotation arresting means for use
with an industrial centrifuge equipped with a rotatably
mounted centrifuge basket, an electrical drive motor as-
sociated with said centrifuge for driving said centrifuge
basket, and a brake for retarding the rotational movement
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of the centrifuge basket; said imbalance-of-rotation ar-
resting means comprising a resonant reed device opera-
tively associated with said centrifuge and being resonant-
responsive to centrifuge basket imbalance-of-rotation
frequency of vibration, said resonant reed device being
substantially coaxially aligned with the center of rofa-
tion of said centrifuge basket, means operatively asso-
ciated with said resonant reed device and said electrical
drive motor for de-energizing said electrical drive motor,
said last named means being actuated when said resonant
reed device resonates responsive to said centrifuge basket
imbalance-of-rotation frequency of vibration, means op-
eratively associated with said resonant reed device and
said brake for actuating said centrifuge basket brake
when said resonant reed device resonates responsive to
said centrifuge basket imbalance-of-rotation frequency
of vibration, and means operatively connected to each
of said last named means for restraining de-energization
of said electrical drive motor and restraining actuation
of said centrifuge basket brake when the frequency of
vibration of the centrifuge basket corresponding to the
natural frequency of vibration of said resonant reed de-
vice is encountered in reaching the maximum speed of
rotation of said centrifuge basket.

2. An imbalance-of-rotation arresting means for use
with an industrial suspended-basket type centrifuge
equipped with a suspended centrifuge basket, an electrical
drive motor associated with said centrifuge for driving
said centrifuge basket, and a brake for retarding the rota-
tional movement of the centrifuge basket; said imbalance-
of-rotation arresting means comprising a resonant reed
and weight device operatively associated with said centi-
fuge and being resonant-respomsive to centrifuge basket
imbalance-of-rotation frequency of vibration, said reso-
nant reed and weight device being substantially coaxially
aligned with the center of rotation of said centrifuge
basket, means operatively connected to said electrical
drive motor and being located to be struck by said reso-
nont reed and weight device and de-energize said elec-
trical drive motor when said resonant reed and weight
device resonate responsive to said centrifuge basket im-
Jbalance-of-rotation frequency of vibration, means opera-
tively associated with said resomant reed and weight de-
vice and said brake for actuating said centrifuge basket
‘brake when said electrical drive motor is de-energized,
and means operatively connected to each of said last
named means for restraining de-energization of said
electrical drive motor and restraining actuation of said
centrifuge basket brake when the frequency of vibration
of the centrifuge basket corresponding to the mnatural
frequency of vibration of said resonant reed and weight
device is encountered in reaching the maximum speed of
rotation of said centrifuge basket.

3. An imbalance-of-rotation arresting means for use
with an industrial suspended-basket type centrifuge
equipped with a suspended centrifuge basket, an electrical
drive motor associated with said centrifuge for driving
said centrifuge basket, and a brake for retarding the rota-
tional movement of the centrifuge basket; said imbalance-
of-rotation arresting means comprising a resonant reed
and weight device operatively associated with said cen-
trifuge and being resonant-responsive to centrifuge basket
imbalance-of-rotation frequency of vibration, said reso-
nant reed and weight device being substantially coaxially
aligned with the center of rotation of said centrifuge
basket, drive motor de-energizing means operatively con-
nected to said drive motor and comprising a primary elec-
trical switch and switch actuating mechanism, means for
locating said switch actuating mechanism to be struck by
said resonant reed and weight device when said resonant
reed and weight device resonates responsive to said cen-
trifuge basket imbalance-of-rotation frequency of vibra-
tion, a secondary electrical switch operatively associated
with said primary electrical switch and brake for actuat-
ing said centrifuge basket brake when said drive motor
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is de-energized, and an electrical short-circuting switch
operatively connected to short-circuit said primary elec-
trical switch and maintain energization of said drive motor
until the centrifuge basket passes a speed of rotation
corresponding to the natural frequency of vibration of
said resonant reed and weight device in reaching the maxi-
mum speed of rotation of said centrifuge basket.

4. An imbalance-of-rotation arresting means for use
with an industrial suspended-basket type -centrifuge
equipped with a suspended centrifuge basket, an elec-
trical drive motor associated with said centrifuge for driv-
ing said centrifuge basket, and a brake for retarding the
rotational movement of the centrifuge basket; said imbal-
ance-of-rotation arresting means comprising a resonant
reed and weight device operatively associated with said
centrifuge and being resonant-responsive to centrifuge
basket imbalance-of-rotation frequency of vibration drive
motor, said resonant reed device being substantially co-
axially aligned with the center of rotation of said centri-
fuge basket, de-energizing means comprising a switch ac-
tuating member, means for locating said switch actuating
member to be struck by said resonant reed and weight de-
vice when said resonant reed and weight device resonates
responsive to said centrifuge basket imbalance-of-rotation
frequency of vibration, said motor de-energizing means
also comprising a primary electrical switch operatively
connected to said electrical drive motor and being adapted
for actuation by said switch actuating member, centrifuge
basket brake actuating means comprising a spring-loaded
ram urging application of said brake to restrain move-
ment of said centrifuge basket, means for applying fluid-
pressure to said ram to constrain said centrifuge basket
brake from operation, a solenoid valve operatively inter-
posed between said ram and means for applying fluid-pres-
sure and being adapted to optionally admit fluid under
pressure to said ram or vent fluid from said ram, a sec-
ondary electrical switch operatively associated with said
ram and being operatively connected to actuate said sole-
noid valve and vent fluid from said ram when said drive
motor is de-energized, and an electrical short-circuiting
switch operatively connected to short-circuit said primary
electrical switch and maintain energization of said drive
motor until the centrifuge basket passes a speed of rota-
tion corresponding to the natural frequency of vibration
of said resonant reed and weight device in reaching the
maximum speed of rotation of said centrifuge basket.

5. Apparatus as in claim 4, wherein a fluid-pressure sen-
sitive electrical switch is interposed between said means
for applying fluid-pressure and said solenoid valve for
short-circuiting said drive motor when said ram has less
than a predetermined fluid pressure necessary to cosntrain
said centrifuge basket brake actuating means.

6. An industrial suspended-basket type centrifuge com-
prising frame means, a basket suspension shaft operatively
mounted on said frame means, an electrical drive motor
operatively mounted on said frame means, a suspended
centrifuge basket operatively mounted on said suspension
shaft for rotative movement with respect to said frame
mearns, a brake mechanism operatively mounted on said
frame means for retarding rotational movement of said
centrifuge basket, a brake pulley mounted on the sus-
pension shaft and being in cooperative relationship with
said brake mechanism for restraining movement of said
centrifuge basket, said centrifuge having centrifuge basket
imbalance-of-rotation arresting means comprising a reso-
nant reed and weight device operatively mounted on said
frame means and being resonant-responsive to centrifuge
basket imbalance-of-rotation frequency of vibration, said
resonant reed and weight device being substantially co-
axially aligned with said suspension shaft, a switch actu-
ating member operatively mounted on said frame means,
means for locating said switch actuating member to be
struck by said resonant reed and weight device when said
resonant reed and weight device resonates responsive to

- said centrifuge basket imbalance-of-rotation frequency of
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vibration, a primary electrical switch operatively connected
to said electrical drive motor and being adapted for actu-
ation by said switch actuating member, said resonant reed
and weight device being suspended axially above the
basket suspension shaft in proximate alignment with said
switch actuating member, a spring-loaded ram mounted
on the centrifuge frame means and being connected to the
brake mechanism and urging application of the brake
mechanism to restrain movement of said centrifuge basket,
means for applying fluid pressure to said ram to constrain
said centrifuge basket brake from operation, a solenoid
valve operatively interposed between said ram and means
for applying fluid-pressure and being adapted to optional-
ly admit fluid under pressure to said ram or vent fluid
from said ram, a secondary electrical switch operatively
associated with said ram and being operatively connected
to actuate said solenoid valve and vent fluid from said ram
when said drive motor is de-energized, and an electrical
short-circuiting switch operatively connected to short-cir-
cuit said primary electrical switch and maintain energiza-
tion of said drive motor until the centrifuge basket passes
a speed of rotation corresponding to the natural frequency
of vibration of said resonant reed and weight device in
reaching the maximum speed of rotation of said centri-
fuge basket.

7. Apparatus as in claim 6, wherein a fluid-pressure
sensitive electrical switch is interposed between said means
for applying fluid-pressure and said solenoid valve for
short-circuiting said drive motor when said ram has less
than a predetermined fluid pressure necessary to constrain
said centrifuge basket brake actuating means. .

8. An industrial suspended-basket type centrifuge com-
prising frame means, a basket suspension shaft operative-
ly mounted on said frame means, an electrical drive motor
operatively mounted on said frame means, a suspended
centrifuge basket operatively mounted on said suspension
shaft for rotative movement with respect to said frame
means, a brake mechanism operatively mounted on said
frame means for retarding rotational movement of said
centrifuge basket, a brake pulley mounted on the suspen-
sion shaft and being in cooperative relationship with said
brake mechanism for restraining movement of said cen-
trifuge basket, a stub shaft operatively mounted on the up-
per end of the suspension shaft to freewheel stationarily
thereon, a housing fixedly mounted on said stub shaft,
said centrifuge having centrifuge basket imbalance-of-
rotation arresting means comprising the assembly of a
resonant reed and weight device operatively mounted on
said. stub shaft and being resonant-responsive to centri-

fuge basket imbalance-cf-rotation frequency of vibration, &

said resonant reed and weight device being substantially
coaxially aligned with said suspension shaft, a switch ac-
tuating member operatively mounted on said housing,
means for locating said switch actuating member to be
struck by said resonant reed and weight device when said
resonant reed and weight device resonates responsive to
said centrifuge basket imbalance-of-rotation frequency of
vibration, a primary electrical switch operatively con-
nected to said electrical drive motor and being adapted
for actuation by said switch actuating member, said reso-
nant reed and weight device being suspended axially above
the basket suspension shaft in proximate alignment with
said switch actuating member, a spring-loaded ram
mounted on the centrifuge frame means and being con-
nected to the brake mechanism and urging application of
the brake mechanism to restrain movement of said cen-
trifuge basket, means for applying fluid pressure to said
ram to constrain said centrifuge basket brake from oper-
ation, a solenoid valve operatively interposed between
said ram and means for applying fluid pressure and be-
ing adapted to optionally admit fiuid under pressure to
said ram or vent fluid from said ram, a secondary elec-
trical switch operatively associated with said ram and be-
ing operatively connected to actuate said solenoid valve
and vent fluid from said ram when said drive motor is de-
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energized, and an electrical short-circuiting switch oper-
atively connected to short-circuit said primary electrical
switch and maintain energization of said drive motor un-
til the centrifuge basket passes a speed of rotation corre-
sponding to the natural frequency of vibration of said
resonant reed and weight device in reaching the maximum
speed of rotation of said centrifuge basket.

9. Apparatus as in claim 8, wherein a fluid-pressure
sensitive electrical switch is interposed between said means
for applying fluid-pressure and said solencid valve for
short-circuiting said drive motor when said ram has less
than a predetermined fluid pressure necessary to constrain
said centrifuge basket brake actuating means.

10. An industrial suspended-basket type centrifuge com-
prising frame means, a basket suspension shaft operatively
mounted on said frame means, an electrical drive motor
operatively mounted on said frame means, a suspended
centrifuge basket operatively mounted on said suspension
shaft for rotative movement with respect to said frame
means, a brake mechanism operatively mounted on said
frame means for retarding rotational movement of said
centrifuge basket, a brake pulley mounted on the suspen-
sion shaft and being in cooperative relationship with said
brake mechanism for restraining movement of said cen-
trifuge basket, a stub shaft operatively mounted on the
upper end of the suspension shaft to freewheel stationarily
thereon, a housing fixedly mounted on said stub shaft,
said centrifuge having centrifuge basket imbalance-of-ro-
tation arresting means comprising the assembly of a reso-
nant reed and weight device operatively mounted on said
stub shaft and being resonant-responsive to centrifuge
basket imbalance-of-rotation frequency of vibration, said
resonant reed and weight device being substantially co-
axially aligned with said suspension shaft, a switch actuat-
ing member operatively mounted on said housing, means
for locating said switch actuating member to be struck
by said resonant reed and weight device when said reso-
nant reed and weight device resonates responsive to said
centrifuge basket imbalance-of-rotation frequency of vi-
bration, a primary electrical switch operatively connected
to said electrical drive motor and being adapted for ac-
tuation by said switch actuating member, said resonant
reed and weight device being suspended axially above
the basket suspension shaft in proximate alignment with
said switch actuating member, a fluid pressure ram having
a cylinder pivotally mounted on the centrifuge frame and
having a ram plunger shiftably disposed within said cylin-
der, a lever pivotally mounted on the centrifuge frame
and being attached at one end to the free end of the ram
plunger, a friction-brake band operatively disposed about
said suspension shaft for retarding rotational movement
of said suspension shaft when said band is pulled to a
taut condition, said friction-brake band being connected
to the other end of said lever, a compression spring located
within the ram cylinder to urge operation of the friction-
brake band, a source of fluid under pressure, a fluid pres-
sure line from said source of fluid connected to said ram
cylinder to constrain said braking operation, a solenoid
valve in said fluid pressure line and being adapted to op-
tionally admit fluid to said ram or vent fluid from said
ram, a secondary electrical switch operatively associated
with said ram and being operatively connected to actuate
said solenoid valve and vent fluid from said ram when said
drive motor is de-energized, a fluid-pressure sensitive elec-
trical switch interposed in said fluid pressure line between
said source of fluid and said solenocid valve and being op-
eratively connected to said drive motor for short-circuit-
ing said drive motor when said ram has less than a pre-
determined fluid pressure necessary to constrain said ram
from causing application of the friction-brake band, and
an electrical short-circuiting switch operatively connected
to’ short-circuit said primary electrical switch and main-
tain energization of said drive motor until the centrifuge
basket passes a speed of rotation corresponding to the
natural frequency of vibration of said resonant reed and



3,226,016

11

weight device in reaching the maximum speed of rotation
of said centrifuge basket.

11. An imbalance-of-rotation arresting means for use
with a gyratory apparatus equipped with a rotatably
mounted gyratory member, a drive means associated with
said gyratory apparatus for driving said gyratory mem-
ber, and a brake for retarding the rotational movement
of the gyratory member, said imbalance-of-rotation ar-
resting means comprising a resonant reed device opera-
tively associated with said gyratory apparatus and being
resonant-responsive to the gyratory member imbalance-
of-rotation frequency of vibration, said resonant reed de-
vice being substantially coaxially aligned with the center
of rotation of said gyratory member, de-energization
means operatively associated with said resonant reed de-
vice and said drive means for de-energizing said drive
means, said de-energization means being actuated when
said resonant reed device resonates responsive to said
gyratory member imbalance-of-rotation frequency of vi-
bration, and means operatively associated with said reso-
nant reed device and said brake for actuating said brake
when said resonant reed device resonates responsive to
said gyratory member imbalance-of-rotation frequency of
vibration.

12. An imbalance-of-rotation arresting means for use
with an industrial centrifuge equipped with a rotatably
mounted centrifuge basket, an electrical drive motor as-
sociated with said centrifuge for driving said centrifuge
basket, and a brake for retarding the rotational movement
of the centrifuge basket; said imbalance-of-rotation ar-
resting means comprising a resonant reed device opera-
tively associated with said centrifuge and being resonant-
responsive to centrifuge basket imbalance-of-rotation fre-
quency of vibration, said resonant reed device being sub-
stantially coaxially aligned with the center of rotation of
said centrifuge basket, means operatively associated with
said resonant reed device and said electrical drive motor
for deenergizing said electrical drive motor, said last
named means being actuated when said resonant reed
device resonates responsive to said centrifuge basket
imbalance-of-rotation frequency of vibration, and means
operatively associated with said resonant reed device and
said brake for actuating said centrifuge basket brake when
said resonant reed device resonates responsive to said
centrifuge basket imbalance-of-rotation frequency of vi-
bration.

13. An imbalance-of-rotation arresting means for use
with a gyratory apparatus equipped with a rotatably
mounted gyratory member, drive means associated with
said gyratory apparatus for driving said gyratory member
and a brake for retarding the rotational movement of
the gyratory member; said imbalance-of-rotation arrest-
ing means comprising a resonant reed device operatively
associated with said gyratory apparatus and being reso-
nant-responsive to the gyratory member imbalance-of-ro-
tation frequency of vibration, said resonant reed device
being substantially coaxially aligned with the center of
rotation of said gyratory member, de-energization means
operatively associated with said resonant reed device and
said drive means for de-energizing said drive means, said
de-energization means being actuated when said resonant
reed device resonates responsive to said gyratory mem-
ber imbalance-of-rotation frequency of vibration, means
operatively associated with said resomant reed and said
brake for actuating said brake when said resonant reed
device resonates responsive to said gyratory member
imbalance-of-rotation frequency of vibration, and means
operatively connected to said last named means and
said de-energization means for restraining de-energiza-
tion of said drive means and restraining actuation of
said brake when the frequency of vibration of the gyratory
member corresponding to the natural frequency of vibra-
tion of said resonant reed device is encountered in reach-
ing the maximum speed of rotation of said gyratory
member,
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14. An imbalance-of-rotation arresting means for use
with a gyratory apparatus equipped with a rotatably
mounted gyratory member, drive means associated with
said gyratory apparatus for driving said gyratory mem-
ber, and a brake for retarding the rotational movement
of the gyratory member; said imbalance-of-rotation ar-
resting means comprising vibration sensing means opera-
tively associated with said gyratory apparatus and being
responsive to the gyratory member imbalance-of-rotation
frequency of vibration, said vibration sensing means being
substantially coaxially aligned with the center of rotation
of said gyratory member, de-energization means opera-
tively associated with said vibration sensing means and
said drive means for de-energizing said drive means, said
de-energization means being actuated when said vibra-
tion sensing means detects a gyratory member imbalance-
of-rotation frequency of vibration, means operatively as-
sociated with said vibration sensing means and said brake
for actuating said brake when said vibration sensing
means detects said gyratory member imbalance-of-rotation
frequency of vibration, and means operatively connected
to said last named means and said de-energization means
for restraining de-energization of said drive means and
restraining actuation of said brake when the frequency
of vibration of the gyratory member corresponding to
the natural frequency of vibration of said vibration sens-
ing means is encountered in reaching the maximum speed
of rotation of said gyratory member.

15. An imbalance-of-rotation arresting means for use
with an industrial centrifuge equipped with a rotatably
mounted cenfrifuge basket, an elecirical drive motor as-
sociated with said centrifuge for driving said centrifuge
basket, and a brake for retarding the rotational movement
of the centrifuge basket; said imbalance-of-rotation arrest-
ing means comprising vibration sensing means operatively
associated with said centrifuge and being responsive to
centrifuge basket imbalance-of-rotation frequency of vi-
bration, said vibration sensing means being substantially
coaxially aligned with the center of rotation of said centri-
fuge basket, de-energization means operatively associated
with said vibration sensing means and said electrical drive
motor for de-energizing said electrical drive motor, said
de-energization means being actuated when said vibration
sensing means detects a centrifuge basket imbalance-of-
rotation frequency of vibration, means operatively associ-
ated with said vibration sensing means and said brake for
actuating said centrifuge basket brake when said vibra-
tion sensing means detects centrifuge basket imbalance-of-
rotation frequency of vibration, and means operatively
connected to each of said last named means for restrain-
ing de-energization of said electrical drive motor and
restraining actuation of said centrifuge basket brake when
the frequency of vibration of the centrifuge basket cor-
responding to the natural frequency of vibration of said
vibration sensing means is encountered in reaching the
maximum speed of rotation of said centrifuge basket.

16. A gyratory apparatus comprising frame means, a
gyratory member shaft operatively mounted on said
frame means, an electrical drive motor operatively
mounted on said frame means, a suspended gyratory
member operatively mounted on said suspension shaft
for rotative movement with respect to said frame means,
a brake mechanism operatively mounted on said frame
means for retarding rotational movement of said gyratory
member, a brake pulley mounted on the suspension shaft
and being in cooperative relationship with said brake
mechanism for restraining movement of said gyratory
member, said gyratory apparatus having imbalance-of-
rotation arresting means comprising a resonant reed and
weight device resonant-responsive to gyratory member
imbalance-of-rotation frequency of vibration, said resonant
reed and weight device being substantially coaxially
aligned with the gyratory member shaft, a switch actuat-
ing member operatively mounted on said frame means,
means for locating said switch actuating member to be
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struck by said resonant reed and weight device when said
resonant red and weight device resonates responsive to
said imbalance-of-rotation frequency of vibration, a pri-
mary electrical switch operatively connected to said elec-
trical drive motor and being adapted for actuation by
said switch actuating member, said resonant reed and
weight device being suspended axially above the suspen-
sion shaft in preximate alignment with said switch actuat-
ing member, a spring-loaded ram mounted on the frame
means and being connected to the brake mechanism and
urging application of the brake mechanism to restrain
movement of said gyratory member, means for applying
fluid pressure to said ram to constrain said centrifuge
basket brake from operation, a solenoid valve operatively
interposed between said ram and means for applying
fluid-pressure and being adapted to optionally admit fluid
under pressure to said ram or vent fluid from said ram, a
secondary electrical switch operatively associated with
said ram and being operatively connected to actuate said
solenoid valve and vent fluid from said ram when said
drive motor is de-energized, and an electrical short-cir-
cuiting switch operatively connected to short-circuit said
primary electrical switch and maintain energization of
said drive motor until the gyratory member passes a speed
of rotation corresponding to the natural frequency of
vibration of said resonant reed and weight device in
reaching the maximum speed of rotation of said gyratory
member.

17. An industrial suspended-basket type centrifuge com-
prising frame means, a basket suspension shaft opera-
tively mounted on said frame means, an electrical drive
motor operatively mounted on said frame means, a sus-
pended centrifuge basket operatively mounted on said
suspension shaft for rotative movement with respect to
said frame means, a brake mechanism operatively mounted
on said frame means for retarding rotational movement
of said centrifuge basket, a brake pulley mounted on the
suspension shaft and being in cooperative relationship
with said brake mechanism for restraining movement of
said centrifuge basket, said centrifuge having centrifuge
basket imbalance-of-rotation arresting means comprising

vibration sensing means operatively mounted on said

frame means and being responsive to centrifuge basket
imbalance-of-rotation frequency of vibration, said vibra-
tion sensing means being substantially coaxially aligned
with said basket suspension shaft, a switch actuating
member operatively mounted on said frame means, means
for locating said switch actuating member to be struck by
said vibration sensing means when said vibration sensing
means detects centrifuge basket imbalance-of-rotation fre-
quency of vibration, a primary electrical switch opera-
tively connected to said electrical drive motor and being
adapted for actuation by said switch actuating member,
said vibration sensing means being suspended axially
above the basket suspension shaft in proximate alignment
with said switch actuating member, a spring-loaded ram
mounted on the centrifuge frame means and being con-
nected to the brake mechanism and urging application of
the brake mechanism to restrain movement of said centri-
fuge basket means for applying fluid pressure to said
ram to constrain said centrifuge basket brake from opera-
tion, a solenoid valve operatively interposed between said
ram and means for applying fluid pressure and being
adapted to optionally admit fluid under pressure to said
ram or vent fluid from said ram, a secondary electrical
switch operatively associated with said ram and being
operatively connected to actuate said solenoid valve and
vent fluid from said ram when said drive motor is de-
energized, and an electrical short-circuiting switch cir-
cuit operatively connected to short-circuit said primary
electrical switch and maintain energization of said drive
motor until the centrifuge basket passes a speed of rota-
tion corresponding to the natural frequency of vibration
of said vibration sensing means in reaching the maximum
speed of rotation of said centrifuge basket,
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18. A gyratory apparatus comprising frame means, a
gyratory member suspension shaft operatively mounted on
said frame means, an electrical drive motor operatively
mountd on said frame means, a suspended gyratory mem-
ber operatively mounted on said suspension shaft for rota-
tive movement with respect to said frame means, a brake
mechanism operatively mounted on said frame means for
retarding rotational movement of said gyratory member,
a brake pulley mounted on the suspension shaft and being
in cooperative relationship with said brake mechanism
for restraining movement of said gyratory member, said
gyratory apparatus having imbalance-of-rotation arrest-
ing means comprising vibration sensing means operatively
mounted on said frame means and being responsive to
gyratory member imbalance-of-rotation frequency of vi-
bration, said vibration sensing means being substantially
coaxially aligned with said gyratory member suspension
shaft, a switch actuating member operatively mounted on
said frame means, means for locating said switch actuating
member to be struck by said vibration sensing means when
said vibration sensing means detects imbalance-of-rota-
tion frequency of vibration, a primary electrical switch
operatively connected to said electrical drive motor and
being adapted for actuation by said switch actuating
member, said vibration sensing means being suspended
axially above the suspension shaft in proximate alignment
with said switch actuating member, a spring loaded ram
mounted on the frame means and being connected to the
brake mechanism and urging application of the brake
mechanism to restrain movement of said gyratory mem-
ber, means for applying fluid pressure to said ram to
constrain said centrifuge basket brake from operation, a
solenoid valve operatively interposed between said ram
and means for applying fluid pressure and being adapted
to optionally admit fluid under pressure to said ram or
vent fluid from said ram, a secondary electrical switch
operatively associated with said ram and being operatively
connected to actuate said solenoid valve and vent fluid
from said ram when said drive motor is de-energized,
and an electrical short-circuiting switch operatively con-
nected to short-circuit said primary electrical switch and
maintain energization of said drive motor until the gyra-
tory member passes a speed of rotation corresponding to
the natural frequency of vibration of said vibration sens-
ing means in reaching the maximum speed of rotation of
said gyratory member.

19. An industrial suspended-basket type centrifuge com-
prising frame means, a basket suspension shaft operatively
mounted on said frame means, an electrical drive motor
operatively mounted on said frame means, a suspended
centrifuge basket operatively mounted on said suspension
shaft for rotative movement with respect to said frame
means, a brake mechanism operatively mounted on said
frame means for retarding rotational movement of said
centrifuge basket, a brake pulley mounted on the suspen-
sion shaft and being in cooperative relationship with said
brake mechanism for restraining movement of said centri-
fuge basket, said centrifuge having centrifuge basket im-
balance-of-rotation arresting means comprising a resonant
reed and weight device operatively mounted on said frame
means and being resonant-responsive to centrifuge basket
imbalance-of-rotation frequency of vibration, said reso-
nant reed and weight device being substantially coaxially
aligned with said suspension shaft, a switch actuating
member operatively mounted on said frame means, means
for locating said switch actuating member to be struck by
said resonant reed and weight device when said resonant
reed and weight device resonates responsive to said centri-
fuge basket imbalance-of-rotation frequency of vibration,
a primary electrical switch operatively connected to said
electrical drive motor and being adapted for actuation
by said switch actuating member, said resonant reed and
weight device being suspended axially above the basket
suspension shaft in proximate alignment with said switch
actuating member, a spring-loaded ram mounted on the
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centrifuge frame means and being connected to the brake
mechanism and urging application of the brake mechanism
to restrain movement of said centrifuge basket means for
applying fluid pressure to said ram to constrain said centri-
fuge basket brake from operation, a solenoid valve opera-
tively interposed between said ram an dmeans for apply-
ing fluid-pressure and being adapted to optionally admit
fluid under pressure to said ram or vent fluid from said
ram, and a secondary electrical switch operatively as-
sociated with said ram and being operatively connected
to actuate said solenoid valve and vent fluid from said ram
when said drive motor is de-energized.
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