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The present invention relates to centrifuges.

It is a preferred object of the centrifuging technique
to separate particles which are suspended in a liquid,
according to their migration speed in a centrifugal field,
or to deposit such particles. The field of forces effective
in the rotor of the centrifuge is proportional to the square
of the speed of the rotor in accordance with a fundmental
physical law.

The length of the path through which the particles
travel in the suspension in a certain time—and thus also
the quantity of particles which have reached the bottom
of the centrifuge beaker during this time, is proportional
to the time integral over the square of the speed.

This relationship is true for so-called preparative cen-
trifuges in which a single rotor filling is centrifuged until
the required effect is obtained and the lighter fraction
can be separated from the heavier fraction or sediment,
as well as also for so-called separators in which the re-
quired separation of the sedimenting particles from the
non-sedimenting liquid is obtained in continuous through-
put during the through-put period.

Furthermore, when operating with a so-called analyti-
cal ultra-centrifuge to determine the sedimentation co-
efficient the path through which the substance under ob-
servation travels within a certain period must be related
to the time integral over the square of the speed.

In all these problems the action of the centrifuge is
not proportional to the speed n but to n2, the square of
the rotor speed and the action G of the centrifugal field
during a certain time interval Az==72—t1 is given by the
time integral over the square of the speed. Thus

t2
G =f n2dt
t1

This quantity G is referred to below as “centrifugal
action.”

The centrifugal action of known centrifuges was calcu-
lated heretofore in such manner that a constant speed
was assumed, that this speed was squared and then multi-
plied by centrifuging time. If the effects of the starting
and stopping periods of the centrifuge, during which the
speed changes are also to be taken into account, the
assumption is generally made that the acceleration after
starting and the deceleration during stopping are uniform
and the centrifugal action can then be calculated ap-
proximately by taking one-third of the acceleration and
deceleration times into account.

The disadvantage of this calculating method practised
heretofore is that a considerable amount of calculation
is required and particularly that constancy of speed and
of acceleration after starting and during stopping must
be assumed. However, these conditions are ensured only
approximately. Fluctuations in the speed or deviations
from uniformity of the acceleration on starting and of
the deceleration on stopping can be taken into account
only with a great amount of calculations.

The invention avoids these disadvantages. The inven-
tion consists in a centrifuge which is provided with a
measuring device which is adapted to indicate the value
of the time integral over the square of the rotory speed
of the rotor.
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Apart from the avoidance of the above-mentioned dis-
advantages, the centrifuge according to the invention
has the additional particular advantage that the centrifu-
gal action is measured continuously during operation
from a defined starting-point onwards.

The measuring device can be used advantageously
also for performing certain control functions. For ex-
ample, a counting device thereof can be provided with
a pre-selection device whereby switch contacts can be
activated when adjustable values of the counting device
are attained.

Since, as mentioned above, the quantity of the sedi-
menting substance depends upon the centrifugal action,
a preferred embodiment can be constructed so that the
measuring device which measures the centrifugal action
switches the driving motor off when an adjustable amount
has been attained, and causes the centrifuge to come to
stand still.

When operating with an analytical ultra-centrifuge it
is often desirable that the first registration after starting
is effected when the centrifugal action has attained a cer-
tain value. Particularly in this case it is hardly possible to
obtain an approximately exact value by means of the
methods known heretofore, since during the runup of
the rotor after starting the speed generally does not
change in a manner which can be assessed exactly.

If, however, an analytical ultra-centrifuge has a meas-
uring device according to the invention which indicates
the centrifugal action continuously, this measuring device
can be easily modified in a further embodiment of the
invention in such a manner that when an adjustable value
is attained a registration device, e.g. a photographic de-
vice, is activated for detecting the concentration distri-
bution in the centrifuge cell.

Some embodiments of the invention will now be de-
scribed in more detail with reference to the accompanying
drawings, in which:

FIG. 1 is a block diagram of a first embodiment, and

FIGS. 2, 3 and 4 are block diagrams of further em-
bodiments.

In the embodiment of the invention illustrated in FIG.
1 a centrifuge is indicated on the left hand side of FIG.
1. A driving motor 1 drives a centrifuge rotor 3 by
means of a driving gear 2. The driving gear 2 controls
synchronously a pulse transmitter 4 which, in a manner
known per se, delivers a certain number of pulses during
each rotation of the rotor 3. These pulses are applied to
a first two-way device 5 which is switched by a timing
device 6 at adjustable and exactly defined time intervals
alternately to branch paths 7 and 8.

‘When the pulse transmitter 4 is connected by the two-
way device 5 to the branch path 7 the pulses delivered
by the transmitter are counted by a counting device 7,
during the respective time interval. At the beginning of
the next time interval the two-way device 5 is switched
by the timing device 6 to the branch path 8 and the fol-
lowing pulses are received by a counting device 8;. Mean-
while, the number of pulses recorded in the counting de-
vice 7; during the last time interval is multiplied by it-
self by a calculating device 7; in the branch path 7 and
the result is stored in a storage device 7;. Upon the next
switching action of the timing device a further two-way
device 9 is set so that the number of pulses recorded in
the storage device 74 is cumulatively added to the num-
ber recorded in a result device 10, Simultaneously, the
pulses arriving from the pulse transmitter are also re-
ceived again by the counting device 7, and the number
received in the counting device 8; during the last time
interval is squared in a calculating device 8, and recorded
in a storage device 83. Upon the next switching action of
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the timing device 6 the storage device 83 is connected by
way of the further two-way device 9 to the result device
10 and the number stored in the storage device is cumu-
latively added to the number already stored therein in
the result device; the process is then repeated. In this
manner the pulses can be received, squared and stored
in the two switched branch paths and delivered to the
result device 10, The number appearing in the result de-
vice 10 is proportional to the centrifugal action.

A second embodiment of the invention operates in
accordance with an analog calculating method and is
diagrammatically illustrated in FIG. 2. The motor 1 of
the centrifuge drives the rotor 3 by way of the driving
gear 2. Moreover, a measuring generator 21 producing
a voltage U, which is proportional to the speed of the
rotor 3 is also driven by the driving gear 2 in a suitable
speed ratio. This voltage is adjusted applied in a known
manner to a servo-motor 22 which displaces the slider
of a rotary potentiometer 23 so that the rotary angle o
of the potentiometer is proportional to the voltage Uj.

The rotary potentiometer has a linear characteristic
and its spindle is connected to the spindle of a second
rotary potentiometer 24 which has a square characteristic
so that the voltage taken off the latter increases with
the square of the rotary angle «. The appropriate ends
of both potentiometers 23 and 24 are connected to a
fixed voltage source Us. A voltage U, tapped off by the
slider of potentiometer 24 is thus proportional to the
square of the rotary angle and is consequently propor-
tional to the square of the speed of the rotor.

The voltage U, is applied to a measuring motor 25
the speed of which is proportional to the applied voltage
U, and this measuring motor 25 drives a counting device
26. The value indicated by the counting device 26 is
proportional to the centrifugal action,

A variation of the above embodiment can be obtained
when the potentiometer 23 has a root dependent char-
acteristic and the potentiometer 24 a linear characteristic.
A potentiometer has a root dependent characteristic when
the root of the voltage tapped off the potentiometer is
proportional to the rotary angle «.

A further embodiment is illusirated in FIG. 3. A rotor
3 is driven by a motor 1 by means of a driving gear 2.
Furthermore, a measuring generator 31 producing a volt-

age Ujy; which is proportional to the speed of the rotor 3 ¢

is driven at a suitable speed ratio by the driving gear 2.

A current which is also proportional to the rotary
speed flows in a current circuit which is connected to
the measuring generator and which has a fixed external
resistor 32. The power dissipated in the resistor 32 is
proportional to the product of current strength and ap-
plied voltage and is thus proportional to the square of
the speed of the rotor. This power is measured by means
of a watt-second measuring device 33, e.g. an electro-
dynamometer, which drives a counting device 34. The
value indicated by the latter is proportional to the centrif-
ugal action.

A still further embodiment of the invention is illus-
trated in FIG. 4 and comprises two measuring generators
41 and 42 which are driven synchronously by the driving
gear 2 which also drives the rotor 3. The measuring
generator 41 is excited in a constant manner, e.g. a mag-
netic field thereof is produced by a permanent magnet
and it generates in a known manner a current which is
proportional to the rotary speed of the rotor 3.

The measuring generator 42 is excited electromag-
petically by means of a field winding which is fed with
the current produced by the generator 41, whereby a
magnetic field strength is produced which is proportional
to the speed of the rotor.

Thereby the voltage which is induced by the generator
42 and which is proportional to the product of speed
and excitation, becomes proportional to the square of
the speed of the centrifuge rotor 3. A measuring motor
43 is driven with this voltage and drives a counting de-

10

15

20

25

30

35

40

60

70

75

4

vice 44 associated therewith, the value indicated by the
latter is proportional to the centrifugal action. In a pre-
ferred variation of this embodiment the two measuring
generators described above are constructed to form a
unit having a common shaft,

The counting device of the measuring device may alter-
natively be re-settable to zero. The invention can also be
realised with other circuit arrangements than the ar-
rangements mentioned herein with reference to the block
diagrams.

The embodiments described in the examples are con-
structed from known elements of control and measuring
engineering and do not require any further explanation.

I claim:

1. A centrifuge comprising a centrifuge rotor, a driving
motor, driving gear means operatively interposed between
the motor and the rotor for driving the rotor at a re-
quired rotary speed, means for producing an electrical
signal proportional to the instantaneous rotary speed of
said rotor, converter means for producing during a given
time interval a signal proportional to the square of said
electrical signal, and means for indicating said squared
quantity summed over the time of operation of the centri-
fuge, wherein said means for producing an electrical sig-
nal comprises pulse transmitter means coupled to the
rotor for producing electrical pulses at a frequency pro-
portional to said rotor speed, said converter means com-
prising counting means for counting pulses, timing means
for applying said pulses to said counting means during
said given time intervals, calculating means connected to
said counting means for producing a signal proportional
to the square of the value of said counted pulses, said
indicating means including further counting means, and
means for applying said squared quantity to said further
counting means.

2. A centrifuge comprising a centrifuge rotor, a driv-
ing motor, driving gear means operatively interposed be-
tween the motor and the rotor for driving the rotor at a
required rotary speed, means for producing an electrical
signal proportional to the instantaneous rotary speed of
said rotor, converter means for producing during a given
time interval a signal proportional to the square of said
electrical signal, and means for indicating said squared
quantity summed over the time of operation of the cen-
trifuge, wherein said means for producing an electrical
signal is a measuring generator means driven at a speed
proportional to the rotor speed for producing a voltage
proportional to the rotor speed, and wherein the con-
verter means is a measuring value converter means includ-
ing a servo-motor connected to the output of said meas-
uring generator means and a potentiometer arrangement
driven by said servo-motor and producing an output volt-
age proportional to the square of a voltage applied there-
to, means for applying said first mentioned voltage to said
measuring value converter means, said indicating means
including a measuring motor and a counting means con-
nected thereto and means for applying said squared out-
put voltage to said measuring motor driving said count-
ing means for indicating said squared voltage.

3. A centrifuge comprising a centrifuge rotor, a driv-
ing motor, driving gear means operatively interposed be-
tween the motor and the rotor for driving the rotor at a
required rotary speed, means for producing an electrical
signal proportional to the instantaneous rotary speed of
said rotor, converter means for producing during a given
time interval a signal proportional to the square of said
electrical signal, and means for indicating said squared
quantity summed over the time of operation of the cen-
trifuge, wherein said means for producing an electrical
quantity is a measuring generator means driven at a
speed proportional to the rotor speed for producing a volt-
age proportional to the rotor speed, said converter means
comprising a current circuit, means for applying said
voltage to said current circuit to produce a current there-
in proportional to said voltage, and watt-second counter
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means for measuring the power dissipated in said current
circuit to provide a value proportional to the time integral
of the square of said voltage. ‘

4. A centrifuge comprising a centrifuge rotor, a driving
motor, driving gear means operatively interposed between
the motor and the rotor for driving the rotor at a required
rotary speed, means for producing an electrical signal pro-
portional to the instantaneous rotary speed of said rotor,
converter means for producing during a given time in-
terval a signal proportional to the square of said electrical
signal; and means for indicating said squared quantity
summed over the time of operation of the centrifuge,
wherein said means for producing an electrical signal is
a first measuring generator driven at a speed proportional
to the rotor speed and energized in a constant manner,
said electrical signal being a voltage produced by said
first generator proportional to the rotor speed, and where-
in the means for producing a signal proportional to the
squate of said electrical signal is a second measuring gen-
erator having a field winding and being driven at the
same speed as the first generator, means being provided
for applying the voltage produced by the first generator
to said field winding of said second generator said in-
dicating means including a measuring motor and a count-
ing means connected thereto and means for applying the
voltage produced by said second generator to said meas-
uring motor driving said counting means for indicating
said squared value.

5: In a centrifuge having a rotor driven in rotation,
measuring means for measuring the value of the square
of the instantaneous rotary speed of the rotor, and indicat-
ing means connected to said measuring means for indicat-
ing numerically the sum of the instantaneous values meas-
ured during the time of operation of the centrifuge, where-
in said measuring means includes a pulse transmitter
coupled to said rotor providing pulses at a frequency pro-
portional to the speed of the rotor and a calculating de-
vicé coupled to the output of said pulse transmitter pro-
viding a signal whose value represents the square of the
frequency of said pulses per given time period, and said
indicating means includes means for summing the values
of said signals for consecutive time periods and a counter
for indicating the summed values.

6. In a centrifuge having a rotor driven in rotation,
measuring means for measuring the value of the square
of the instantaneous rotary speed of the rotor, and indi-
cating means connected to said measuring means for
indicating numerically the sum of the instantaneous
values measured during the time of operation of the cen-
trifuge, wherein said measuring means includes a measur-
ing generator driven at a speed ratio fixed relatively to
the rotor speed and producing a primary voltage propor-
tional to the rotary speed and converter means including
a potentiometer arrangement adjusted in accordance with
said primary voltage providing an output voltage corre-
sponding to the square of said primary voltage.
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7. In a centrifuge having a rotor driven in rotation,
measuring means for measuring the value of the square
of the instantaneous rotary speed of the rotor, and indi-
cating means connected to said measuring means for
indicating . numerically the sum of the instantaneous
values measured during the time of operation of the cen-
trifuge; wherein said measuring means includes a gen-
erator coupled to said rotor to provide a voltage propor-
tional to the rotary speed thereof and a current circuit
connected to the generator providing a current in response
to sdid voltage which is proportional to the rotary speed
of said rotor, and a watt-second measuring device and a
counter connected in series to said current circuit and
providing a signal proportional to the time integral of the
square of the rotary speed of said rotor.

8. In a centrifuge having a rotor driven in rotation,
measuring means for measuring the value of the square
of the instantaneous rotary speed of the rotor, and indi-
cating means connected to said measuring means for
indicating numerically the sum of the instantanecus
values measured during the time of operation of the cen-
trifuge; characterised in that said measuring means in-
cludes two measuring generators driven at a rotary speed
which is in a definite ratio to the speed of the rotor, one
generator being energised in a constant manner and hav-
ing its output voltage applied to the field winding of the
second generator, and the output voltage of the second
generator being applied to said indicating means including
a measuring motor which drives a counting device.

9. A centrifuge as claimed in claim 8, characterised in
that the counting device of the measuring device for the
time integral of the square of the rotary speed is resettable
to the value of 0.

10. A centrifuge as claimed in claim 9, characterised
in that the counting device of the measuring device for
the time integral of the square of the rotary speed is
provided with a pre-selection device by which switch con-
tacts can be actuated when adjustable values of the count-
ing device are attained.
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