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Method for Controlling a Pump Means

The mvention relates to a method for controlling a diaphragm or piston pump

that 1s actuated via a ram or a connecting rod by a cam which is powered by an
electric motor.

Diaphragm and piston pumps are used to supply metered quantities of liquids
with various properties. Depending on the field of application, the pump behav-
1our is subject to various requirements in order to ensure that the delivered quan-

tity of metered medium is as precise as possible and remains constant for as long
as possible.

The pumps are driven by an electric motor via a cam, in such manner that the
rotational motion of the motor is converted to linear motion of the pump dia-
phragm or pump piston. For each rotation of the cam, a compression stroke takes
place, with delivery of the metered medium for example into a metered line, and

an aspiration stroke, in which the metered medium is aspirated from a reservoir
or similar.

Electric motors used in the prior art for driving such mechanisms include a wide
range of types, particularly mechanically commuted motors, synchronous and
asynchronous motors and stepping motors. However, most such drive units are
associated with a number of disadvantages with regard to their respective use.

Mechanically commuted motors are prone to a high rate of mechanical wear and
are therefore unsuitable for pumps with very long lifetimes.

The torque gradient of synchronous motors is disadvantageous in that it causes
the frictional connection to be broken if placed under excessive load. The startup
behaviour is also not ideal for the present purpose. Asynchronous motors have a
rotating speed curve that is dependent on its load, which is detrimental for pre-
cise metering of quantities. The rotating speed of both synchronous and asyn-
chronous motors is dependent on the frequency of the applied voltage, which

means that electronic frequency converters are needed to control the rotating
speed.
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Particular problems arise when the pump is to be operated at less than its maxi-
mum metering output, which is unavoidable in many applications for precisely
metered delivery. A variety of methods have been implemented to combat this in
the prior art. Thus the delivered quantity of metered medium may be reduced by
limiting the excursion of the pump diaphragm or piston. In this case, the cam
runs freely for a part of its revolution and only moves the diaphragm or piston in
a more or less extended area about front dead centre. The particular drawback of
this method is that the piston or diaphragm is accelerated very rapidly for short
periods depending on the delivery power, which leads to high pressure variations
in the metered lines and negatively affects the metering behaviour. In the same
way, the aspiration behaviour is impaired during the aspiration stroke, which de-

grades the aspiration behaviour of the pump if there is any air trapped in the suc-
tion line or in the case of small pump heads.

A further variant for reducing the delivery volume is pulse-pause control. In this,
a metering cycle is completed and is then followed by a metering pause, which 1s
dependent on the desired delivery quantity, and is calculated so that the desired
delivery quantity is adjusted in the temporal average. The disadvantage of this
arrangement is that the pauses occurring for low delivery quantities are very
long, which can cause unacceptable mixing of the metering medium 1in the pipe-

line or the tank, and is moreover associated with highly inconsistent delivery be-
haviour.

A further option for reducing the metered quantitﬁz is to control the rotating speed
of the drive motor. In this case, the delivery quantity may be adjusted by intlu-
encing the speed of the piston or diaphragm. A corresponding slowing of the
drive unit and thus of the diaphragm causes a reduction in the quantity of me-
tered medium delivered per unit of time. The problem with this approach is that
under certain circumstances for a desired lengthening of the compression stroke
the aspiration stroke is also lengthened at the same time. The suction and deliv-

ery behaviour is degraded thereby, particularly when dealing with highly viscous
media.

In order to avoid this problem, the applicant’s DE 198 23 156 Al describes a
method for operating a metering pump with an asynchronous motor. In this case,
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the rotating speed of the asynchronous motor is reduced during the compression
stroke according to the desired metered output. During the aspiration stroke, on
the other hand, the rotating speed is increased to achieve the shortest possible as-
piration stroke, and thereby also shortening the pauses between compression
strokes. The disadvantage of this method is that the use of an asynchronous mo-
tor necessitates a highly sophisticated system configuration, which requires a
frequency converter to control the rotating speed of the asynchronous motor and
sensor equipment to monitor and control the rotating speed of the motor in order

to be able to compensate for the deviation caused by the load-dependent rotating
speed curve.

Accordingly, the task of the present invention is to provide a method for control-
ling a diaphragm or piston pump that is actuated via a ram or a connecting rod by
a cam which is powered by an electric motor, which allows the most precise and

constant delivery possible of metered media, combined with a simple construc-
tion.

This task is solved with a method according to the type described in the intro-
duction in which the diaphragm or piston of the pump is moved by the drive unit
of the cam at approximately constant speed throughout the compression stroke,

taking into account the position of the cam, to assure an approximately constant
volume flow of the metered medium.

The diaphragm or piston mechanism, driven by a circular cam which is rotating
at constant speed, now describes a sinusoidal speed profile. Starting from the rear
dead centre, the diaphragm is accelerated, reaches the fastest speed of the com-
pression stroke after a quarter revolution, and then slows down again until front
dead centre of the cam, at which point it then transitions to the aspiration stroke,
which also includes a period in which the diaphragm speeds up to its maximum

speed halfway through the aspiration stroke, and is then slowed until the cam
reaches rear dead centre.

In the method according to the invention, the speed of the cam is now controlled
during the compression stroke in such manner that the speed profile produced 1S
as linear and constant as possible, instead of the non-linear, sinusoidal profile
created without the control. To produce this, the cam must be accelerated sharply
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at the start of the compression stroke and must be slowed to a minimum value by

the middle of the compression stroke, at which point it is accelerated agaimn to
reach maximum speed again close to the front dead centre. This form of control

of the cam speed results in a speed profile of the diaphragm or piston that 1s
highly linear and essentially at a constant level.

This approximately constant diaphragm speed during the compression stroke
causes the metered medium to be delivered at a uniform rate, which leads to
highly advantageous and precise metering behaviour, even for very viscous me-

dia. A good delivery result may also be achieved by this means for very small
metering outputs.

Refinements of the invention are described in the subordinate claims. Accord-
ingly, one refinement of the invention is characterised in that the drive unit
drives the cam during the compression stroke with a rotating speed profile that

compensates for temporal cosinusoidal movement of the piston or diaphragm
conditioned by the cam.

Moreover, it may also be provided that the speed profile of the drive unit has ap-
proximately the shape

o(t) =2/Tpx (1 — (- 2/Tp x t+ 1)*)?
in the compression stroke throughout the period of constant diaphragm speed.

The physically correct formula indicated above for compensating the COSINUSO1-
dal piston or diaphragm movement is derived by transformation of the linear
movement via an arccos function and subsequent differentiation. A similar equa-
tion is derived for drive units with additional transverse movement (connecting

rods).

For practical cosine compensation, the above formula may be approximated with

a simplified or similar formula depending on an acceptable non-linearity of the
metered quantity.
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The angular velocity of the cam shown results in a constant speed of the dia-
phragm, except at the start and end of the compression stroke. Ty represents the

length of the compression stroke, the maximum diaphragm excursion being stan-
dardised to 1.

It is also possible that the drive unit moves the cam with a different speed profile,
particularly with constant and/or higher speed, during the aspiration stroke.

It 1s desirable to keep the aspiration stroke as short as possible. In this case, de-
pending on the metered medium it is not absolutely essential to achieve constant
pressure distribution during the aspiration stroke. As a result, at the end of the
compression stroke, when the rotating speed of the cam is at its greatest, as pre-
viously described, delivery can be continued at this speed, which leads to a short
aspiration stroke with sinusoidal diaphragm speed. The next compression stroke
can then be begun at this increased speed, which ultimately provides good sys-
tem response and 1is less harsh on the mechanical parts of the pump.

On the other hand, maintaining the pressure distribution as constant as possible
during the aspiration stroke as well may be desirable, particularly for more vis-
cous metered media, so that a rotating speed profile similar to that of the com-
pression stroke is selected rather than constant rotation, when it may be neces-

sary to set a higher diaphragm speed and thus a shorter period for the aspiration
stroke.

It 1s advantageous if the delivered volume flow of metered medium is increased

shortly before the end of the compression stroke in order to compensate for the
metering gap during the aspiration stroke.

It 1s further advantageously provided that an EC motor with integral rotor posi-
tion sensors is used as the drive unit.

EC motors (electronically commuted motors) offer several advantages. Because
of the brushless electronic commutation, they have a very long operating life and
low wear characteristics, which is important for metering pumps that may have
operating lives longer than 10,000 hours. In addition, most are equipped with
integral sensors for the rotor position, the signals from which may also be used to
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control the cam position according to the suggested method, thereby reducing
total costs. Due to the high dynamic ratio of EC motors, it 1s also very easy to
achieve the rapid changes in speed that are necessary for the suggested method.

5 One refinement of the method is notable in that in order to control the cam speed,
the cam position is captured by a sensor and/or is calculated from position sensor
signals that are in the drive unit.

Besides control of the cam position and thus also of the diaphragm excursion,

10 under certain circumstances it may be helpful in the suggested method to provide
a position controller to improve the metering behaviour of the pump, particularly
since the necessary rotating speed of the cam is determined by its current post-
tion. In this way, by measuring and monitoring the cam position, it is possible to
achieve the most constant diaphragm speed possible, as is desired. In such case,

15 the position of the cam may either be measured directly, or position signals may
be used, as provided by the sensors located in the drive unit, or to capture the lin-
ear movement of the ram pr connecting rod.

In the following, the invention will be explained in greater detail with reference
20 to the drawing. In the drawing:

Fig. 1 is a schematic representation of a diaphragm pump driven by the method
according to the invention,

25 Fig.2 is a diagram of the diaphragm or piston excursion that is achieved with
the method according to the invention, also showing the volume flow of
the metered medium, and

Fig.3 is a diagram of the angle of rotation and the change of angle of rotation
30 for the cam.

With a diaphragm pump 1 operated according to the method according to the 1n-
vention, a medium to be metered is delivered from a reservoir — not shown in
detail — that is connected via a hose to an aspiration orifice 2 of diaphragm pump
35 1, through a delivery orifice 3 and to a metering hose — also not further shown —
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connected thereto. The pump operation is effected by diaphragm 4, which is dis-
placed linearly by a ram 5.

Ram 35 1s moved by a circular cam 6, such that the rotating motion of a drive
shaft 7, which is non-positively connected to cam 6, is converted by ram 5 to a
backward and forward motion of diaphragm 4.

Shaft 7 1s driven by an electronically commuting motor 9 via a transmission 8. A
motor controller 10 is connected to motor 9 via motor connector terminals 10a,
and 1ncludes the power electronic components required for operation as well as a
position control circuit. Motor 9 is equipped with rotor position sensors 11,
which transmit the current position of the rotor to motor controller 10 via control
circuits 11a, on the basis of which information the controller controls the flow of
current to motor 9. Then, depending on the rotor position returned by sensors 11,
current 1s applied to the corresponding phases of motor 9 such that a rotating
field 1s created inside the motor, which field continuously sets the rotor in mo-
tion. Because of this electronically created rotating field, it is no longer necessary
to provide for commutation of the motor’s phases by mechanical means. This

form of control enables motor 9 to be driven at the desired rotating speed without
dependence on load or turning moment oscillations.

Motor controller 10 is supplied with energy from a mains supply circuit 12 via

energy lines 12a. Mains supply circuit 12 is connected to a conventional electric
supply network 13 via energy supply lines 13a.

The position of cam 6 is captured by a position sensor 14, whose position signal
1s transmitted via signal circuits 14a to a positional controller 15.

Positional controller 15 is also supplied with energy from a mains supply circuit
12 via energy lines 12b. Control signals with the required quantity of metered
medium are passed to positional controller 15 via a data circuit 16. Positional
controller 15 calculates the currently required rotating speed for motor 9 using
the position of cam 6, as measured by sensor 14, and the quantity of metered
medium to be measured, as transmitted by circuit 16, and transmits this to motor
controller 10 via control line 15a. Depending on the position of the rotor in mo-
tor 9, as measured by rotor position sensors 11, the motor controller 10 then ad-
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justs the rotating field via motor connectors 10a such that motor 9 reaches the re-
quired rotating speed. Thus cam 6 is moved via transmission 8 and shaft 7 in cor-
respondence with the set quantity of metered medium. This creates a closed con-

trol circuit that may be used to precisely control the speed of diaphragm 4, as
well as 1ts excursion caused by cam 6 via ram 5.

The profile of the diaphragm excursion effected by positional controller 15 in
conjunction with motor controller 10 via drive unit, transmission and cam, and

the volume flow of metered medium resulting therefrom is shown in greater de-
tail in figure 2.

Curve 17 represents the plot of the diaphragm excursion over the course of a
metering cycle. The duration of a complete metering cycle is standardised in this
case to length 2. The diaphragm excursion may thus vary in this context from —1
for rear dead centre of cam 6 through the neutral position for half and three-
quarters of a revolution of cam 6 and to +1 for front dead centre of the cam.

The diaphragm excursion of a métering cycle that is controlled according to the
invention begins at rear dead centre 18. Cam 6 starts with a maximum rotating
speed, at which the diaphragm follows the start of a cosinusoidal movement, as
shown by partial curve 19. This corresponds to the plot of the diaphragm excur-
sion, 1f cam 6 were to rotate at a constant, maximum speed. Immediately after
this short startup phase, however, the rotating speed of the cam 6 is slowed, pre-
cisely so that diaphragm excursion 17 has an approximately linear plot, meaning
that the diaphragm is being moved at constant speed. Cam 6 reaches its mini-
mum rotating speed after half a compression stroke at a time of 0.75. Subse-
quently, it 1s accelerated again until it reaches front dead centre 20, at which
point cam 6 is again rotating at maximum speed, such that the plot for the dia-
phragm excursion approximates the curve 21 that would be returned if cam 6
were to be driven at a constant, maximum speed.

When front dead centre 20 has been passed, the aspiration stroke begins, in
which diaphragm 4 is retracted and draws fresh metered medium out of suction
line 2 and into the pump chamber. In order to keep the aspiration stroke as short
as possible, this is performed with the cam at maximum rotating speed to that the
plot of the diaphragm excursion matches the second half of cosine oscillation 21
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until rear dead centre 18 is reached for the maximum negative excursion of the
diaphragm at —1. At this dead centre, the diaphragm is either stopped or a further

metering cycle 1s begun with a compression stroke similar to the one described
previously.

The plot of the volume flow of metered medium is represented by curve 22. At
the start of the compression stroke the volume flow rises rapidly to its setpoint
value 1n restriking phase 23. In the period with constant diaphragm speed, a con-
stant volume flow 1s delivered to metering line 2 from connection 3. At the end
of compression stroke 24, the volume flow at connection 3 falls to zero relatively
quickly, and the aspiration stroke begins. The volume flow of the aspirated me-

dium at connection 2 describes a sinusoidal curve here, due to the cosinusoidal
curve of the diaphragm excursion.

The length of the compression stroke relative to the aspiration stroke is important
tor the metering behaviour of the pump. In general, it is desirable to keep the as-
piration stroke as short as possible and the compression stroke as long as possi-
ble. The size of the volume flow and thus also the quantity of metered medium
delivered per unit of time depend on the rotating speed of cam 6.

The plot of a cam rotation during a compression stroke controlled according to
the invention is shown in greater detail in figure 3. In the diagram, the length of a
compression stroke is standardised to 1, the plot of the rotating speed being ap-

plied as the speed in curve 25, and the plot of the cam angle being applied in
curve 26.

At the start of the compression stroke, the cam starts at maximum speed and is
then slowed until it reaches its minimum rotating speed halfway through the
compression stroke, only to be accelerated over the course of the second half of

the compression stroke, to reach maximum speed again by the end thereof. This
1s also shown in the plot of the angle of rotation in curve 26.

The invention is not limited to the example described in the aforegoing. It may
be varied in many respects without exceeding the limits of the fundamental con-

cept. Thus for example a controller similar to the one used for the compression

stroke may also be used for the aspiration stroke, so that a constant delivered
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quantity of the metered medium may be obtained here too: this may be particu-
larly beneficial in the case of very viscous media. A further variant consists in
briefly increasing the cam speed, and thus also the quantity of metered media
delivered per unit of time, just before the end of the compression stroke in order
5 to balance the metering gap. It may also prove helpful to dispense with the sen-
sor for measuring the cam position and instead to calculate the position of the

cam from the measured rotor position. Then, only the zero position of the cam
needs to be captured.
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WHAT IS CLAIMED IS:

1. A method for controlling a metering cycle of a pump, the pump
ncluding a diaphragm coupled to a ram, the ram being moved by a cam, which is
rotated by a shaft of an electric motor, in order to displace the diaphragm in a first
direction, for a compression stroke of the metering cycle, and then in a second
direction for an aspiration stroke of the metering cycle, the method comprising;:
providing input of a required quantity of a metered medium to
a positional controller that is coupled to a controller of the electric motor;
providing input of a current position of the rotating cam to the positional
controller; |
calculating a currently required rotating speed for the motor based upon
the input of the required quantity of the metered medium and the current position
of the rotating cam;
transmitting, from the positional controller to the controller of the motor,
the calculated currently required rotating speed of the motor, the motor being an EC
motor; and adjusting a rotating field inside the motor to reach the calculated
currently required rotating speed, the adjusting being carried out by the controller
of the motor during the compression stroke of the metering cycle; and
wherein the rotating speed varies during substantially the entire duration
of the compression stroke to maintain a substantially constant rate of delivery of the
metered medium and wherein the rotating speed during substantially the entire

duration of the aspiration stroke is constant and at the maximum rotating speed of

the motor.

2. The method of claim 1, wherein providing a current position of the
cam comprises capturing a position of the cam with a sensor that is coupled to the

positional controller.

3. The method of claim 1, wherein providing a current position of the
cam comprises calculating a position of the cam with a signal from an integral rotor

position sensor of the motor.
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4. A method for controlling a ram actuated diaphragm pump
comprising:
providing an electronically commuted motor for driving linear reciprocation

- of aram in a first direction corresponding to a compression stroke and a second
direction corresponding to an aspiration stroke;

varying a rotational speed of the commuted motor to maintain a
substantially constant linear speed of the ram during the entire duration of a
compression stroke.
S. The method of claim 4, wherein the rotational speed of the
commuted motor is varied based in part on a sensed rotor position and a sensed cam

position and is independent from the load on the motor.

6. The method of claim 4, wherein varying the rotational speed of the

electronically commuted motor during the compression stroke includes rotating the
motor at a relatively high speed at the start of the compression stroke, rotating the
motor at a relatively low speed approximately mid way into the compression stroke,

and increasing the rotational speed towards the end of the compression stroke.

7. - The method of claim 4, wherein the rotational speed of the motor
1s increased shortly before the end of the compression stroke to compensate for the

metering gap during the aspiration stroke.

8. The method of claim 4, wherein the rotational speed of the
commuted motor is maintained at a constant relatively high speed during the

aspiration stroke, while the linear speed of the ram varies.

9. The method of claim 8, wherein an average speed of the ram during the

compression stroke is less than an average speed of the ram during the aspiration

stroke.
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