Vacuum pump drive having two frequency converters

The invention relates to an electric drive for a vacuum pump.

Electric drives for vacuum pumps typically comprise an electric motor which gen-
erates the torque necessary for driving the rotor of the vacuum pump in depend-
ence on the motor input voltage supplying the motor. The motor input voltage
with a variable frequency and voltage is generated by a frequency converter

which is supplied with mains supply voltage from a voltage supply network.

With respect to an electric drive of vacuum pumps, the power dissipation gener-
ated in an electric motor is an important design criterion. The level of the power
dissipation determines the possible performance of the vacuum pump. For a giv-
en structural volume of the pump drive, a power dissipation as low as possible is
intended to be achieved, with the mechanical performance of the motor being as

high as possible.

For this purpose, it is known to operate the electric motor of a pump drive with
two frequency converters, wherein the frequency converters are synchronized
with each other. One frequency converter is connected to one end of the motor
windings, and the other frequency converter is connected to the opposite end of

the motor windings.

For a synchronization of the two frequency converters, these comprise intercon-
nected control units for the exchange of data required for the synchronization of
the frequency converters. Such a synchronous drive with two frequency convert-
ers is described for example in "DTC of Open-End Winding Induction Motor Drive
Using Space Vector Modulation With Reduced Switching Frequency”, A. Kumar,
B.G. Fernandes, K. Chatterjee, 2004 35th Annual IEEE Power Electronics Special-

ists Conference, Aachen, Germany, 2004.



As an alternative it is known to synchronize the two frequency converters by op-
erating them with only one common control unit controlling both frequency con-

verters.

It is an object of the invention to provide an electromotive vacuum pump drive
with two frequency converters which can be synchronized in a simple manner in

order to reduce the power dissipation of the electric motor.

The vacuum pump drive of the present invention is defined by the features of

claim 1.

According to this, the second frequency converter is provided with a measuring
device configured to detect the motor input voltage of the electric motor gener-
ated by the first frequency converter and/or the motor current for the electric
motor generated by the first frequency converter. The second frequency convert-
er is configured to generate the motor input voltage in dependence on the signal
measured by the measuring device, so as to be driven synchronously with the
first frequency converter. Thus, the invention allows a simplified synchronization
of the motor input voltages generated by the two frequency converters without
requiring a direct data link between the two frequency converters or between
their respective control units for the synchronization of the frequency converters.
Preferably, such a data link does not exist between the frequency converters for
the synchronization of the same. In particular, no common control unit is provid-
ed that controls both frequency converters. Rather, each frequency converter has
an own control unit between which no data are exchanged for the synchroniza-

tion of the frequency converters.

The first frequency converter generates a variable motor input voltage with an
adjustable frequency. The electric motor generates a drive torque for driving the
vacuum pump rotor in dependence on the motor input voltage. Here, the first
frequency converter receives no information about the output voltage of the sec-
ond frequency converter - neither via a connecting line between the frequency

converters, nor via a measuring device.



The measuring device is configured to detect the motor input voltage generated
by the first frequency converter and/or the motor input current generated by the
first frequency converter. Here, the measuring device is connected with the sec-
ond frequency converter, preferably a control unit of the second frequency con-
verter, in an electrical or electronic or optical manner, so as to transmit a meas-
uring signal to the second frequency converter, from which signal the frequency
and the level of the motor input voltage or of the motor input current of the first
frequency converter can be determined. The second frequency converter, prefer-
ably its control unit, is configured to generate a motor input voltage in depend-
ence on the determined output voltage generated by the first frequency convert-
er, the frequency and level of this motor input voltage being adjusted (synchro-

nized) to the measured motor current.

The motor input voltage generated by the first frequency converter is applied at
one end of the electric windings of the electric motor, while the motor input volt-
age of the second frequency converter is applied at the opposite ends of the mo-

tor windings.

In particular, the two frequency converters of the present invention together with
the measuring device of the present invention may also be configured to drive a
plurality of electric motors and may be connected with the same. Further, it is
conceivable that at least one further frequency converter is provided in addition
to the second frequency converter, which further frequency converter is also
synchronized with the first frequency converter via the measuring device of the
second frequency converter. As an alternative, each further frequency converter
may comprise an own measuring device to allow a synchronous operation with
the first frequency converter or another previous frequency converter. Here, it is
possible to e.g. synchronize a third frequency converter with the second frequen-

cy converter via an own measuring device.

The following is a detailed explanation of an embodiment of the invention with
reference to the Figure. The Figure schematically shows a schematic circuit of the

embodiment.



The electric motor of the vacuum pump drive is schematically illustrated as a
block with the reference numeral 12. For the purpose of illustration, the motor
windings of the three phases U, V, W are illustrated in the block representing the

electric motor 12.

The one end, i.e. the left end in the Figure, of the motor windings is connected to
a first frequency converter 16 via an electric three-phase connecting line 14. The
opposite end, i.e. the right end in the Figure, of the motor windings is connected
to a second frequency converter 18 via a separate electric three-phase connect-
ing line. Each of the two frequency converters 16, 18 comprises an own control
unit 20, 22. No data link exists, be it between the two frequency converters 16,

18 or between the two control units 20, 22.

Both frequency converters 16, 18 each comprise six transistors of which two are
assigned to one of the three motor phases U, V, W, respectively. In other words:
two first transistors are electrically connected to the first motor phase U, two
second transistors are electrically connected to the second motor phase V and
two third transistors are electrically connected to the third motor phase W, re-
spectively. All transistors are electrically connected to the supply voltage of a
mains voltage network not illustrated in the Figure. In addition, all transistors of
the first frequency converter 16 are connected to the control unit 20 and all tran-
sistors of the second frequency converter 18 are connected to the second control
unit 22.

A measuring device 24 is arranged in the connecting line 14 between the first
frequency converter 16 and the electric motor 12, which measuring device
measures the motor input voltage generated by the first frequency converter 16
in the connecting line 14 and/or the motor input current and/or the motor input
voltage generated by the first frequency converter 16 in the electric connecting
line 14.

The measuring device 24 is connected to the control unit 22 via a measuring line

26, so as to transmit the measuring signal, which includes information about the



frequency and the level of the motor input voltage and/or of the motor current in

the line 14, to the control unit 22 of the second frequency converter 18.

The frequency converter 18 with the control unit 22 is configured to generate a
motor input voltage in the connecting line 14 in dependence on the measuring
signal of the measuring device 24. Thereby, the motor input voltage of the sec-
ond frequency converter 18 present in the connecting line 14 between the sec-
ond frequency converter 18 and the electric motor 12 is synchronized with the
motor input voltage of the first frequency converter 16 present in the connecting

line 14 between the first frequency converter 16 and the electric motor 12.

There is no direct connection between the two frequency converters 16, 18 and
in particular not between their control units 20, 22. Each of the two frequency
converters 16, 18 generates an own motor input voltage present at a respective
end of the motor windings of the electric motor 12. Here, the first frequency con-
verter 16 has no information about the output voltage of the second frequency
converter 18. Via the measuring device 24, the second frequency converter 18,
however, has information about the motor input voltage generated by the first

frequency converter 16.

With the two frequency converters 16, 18 being connected to and controlled by
an electric motor 12 (or also a plurality of electric motors 12) in the manner ac-
cording to the invention for driving vacuum pumps, the power dissipation occur-
ring in the electric motor can be reduced. The electric motor 12 is connected
such that at a given supply voltage of the respective frequency converter 16, 18,

a higher motor input voltage is generated than with a conventional connection.

The frequency converter 16 is a conventional frequency converter or inverter for
controlling an electric motor and includes the control or feedback control struc-

ture for controlling or feedback controlling the electric motor.

The distinctive feature of the invention is that no data link exists between the
two control units 20, 22 for a synchronization of the frequency converters 16, 18.

There may merely be a connection for other purposes, for example for status



detection and error processing. The synchronization of the second frequency
converter 18 with the rotating field of the first frequency converter 16 is made
possible by means of the measuring device 24 connected to the electric motor.
Here, the measuring device 24 is not formed by a mechanical speed or position
encoder, but exclusively by a measuring system for the electrical actual values of
the voltage and/or of the current in the connecting line 14 at the electric motor
12.

Due to the connection of the two frequency converters 16, 18 as provided by the
invention, their output voltage can be increased up to 57 percent at the same
mains supply voltage, using standard components (frequency converter, measur-
ing device 24). This allows a design of the electric motor 12 for a higher motor
voltage or a reduction of the power dissipation in the electric motor 12 at the

same driving power.



Claims

1. Vacuum pump drive comprising

an electric motor (12) driving the rotor of a vacuum pump,

a first frequency converter (16) connected to the electric motor (12) and
configured to generate a motor input voltage for driving the electric motor

(12) from a mains supply voltage,

at least one second frequency converter (18) that is also configured to
generate a motor input voltage of a variable frequency from a mains sup-
ply voltage, in order to drive the motor according to the frequency of the

motor input voltage,

characterized in that

the second frequency converter (18) is provided with a measuring device
(24), which is provided for measuring the motor input voltage generated
by the first frequency converter (16) and/or the related motor input cur-
rent, in order to synchronize the second frequency converter (18) with the

first frequency converter (16).

2. Vacuum pump drive of claim 1, characterized in that no data link for the
synchronization of the frequency converters (16, 18) exists between the

two frequency converters (16, 18).

3. Vacuum pump drive of claim 1 or 2, characterized in that the measuring
device (24) measures the current and/or the voltage in the connecting line
(14) between the first frequency converter (16) and the electric motor
(12).

4, Vacuum pump drive of one of the preceding claims, characterized in that

each frequency converter (16, 18) comprises a separate control unit (20,



22) for controlling the respective frequency converter, there existing no
communication link between the frequency converters (16, 18) for their
synchronization.

Vacuum pump drive of one of the preceding claims, characterized in that
the second frequency converter (18) is configured to generate the motor

input voltage in dependence on the measured values of the measuring

unit.





