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1. Process for operating electric, current-controlled actuators (5), utilising a

microprocessor (1) with a storage facility, which stores process related data, maps and
sequential programs, with inputs (2,3), to which input signals are applied, which are
processed into current set point values for output to a set of actuators (5) by the
microprocessor (1) according to a logical process using the process related data, maps
and sequential programs, characterised by the fact that the current of the individual
actuators (5) is measured and that the current signal is applied to the inputs (3) of the
microprocessor (1), that when an input signal is not changing, during which time no input
signals are present at the inputs (2) of the microprocessor (1) that are intended to cause
a position adjustment of the actuators (5), the microprocessor (1), based on a standardised
modulation program, issues set point values for the individual actuators (5) that are lower
than the response threshold of the process, that the microprocessor (1), using the

electrical current changes which result from the modulation and which allow the output
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signal to be modified with respect to the presence of interference signals, determines a
compensation value and stores the compensation value temporarily, and that the

compensation value stored last is used to determine a manipulated variable, as soon as

an operating signal is present at an input (2).
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(57) Abstract l l J | /)

A process has an open-loop t ‘ 5 1

which detects the total current intensity
of actuators and supplies it to a mic-
roprocessor (1). In a modulation mode,
the microprocessor successively gen-
erates at its output modulated set value 8

signals for each actuator. The set value )’N ' _
signals lie below the response level of 33 -
the process. The microprocessor then :
determines compensating values from

N
A
G

the total current signal with which the L
set values of the actuators are correct- L~4
ed. The (regulating) speed of a control -

s

is thus combined with the accuracy of a
regulation, and the hardware expendi-
ture (costs) is minimized thanks to the total current detection instead of individual current detection.

(57) Zusammenfassung

Das Verfahren beinhaitet einen offenen Regelkreis, bei dem die Summenstromstirke von Stellgliedern erfalt und einem
Mikroprozessor (1) zugefihrt wird. Dieser erzeugt in einem Modulationsmodus an seinen Ausgéngen nacheinander fiir jedes
Stellglied modulierte Sollwertsignale fiir die Stellglieder. wobei die Sollwertsignale unterhalb der Ansprechschwelle des Prozesses
liegen. A.us dem Summenstrom-Signal ermittelt nun der Mikroprozessor Kompensationswerte, mit den die Sollwerte der Stellglie-
der korrigiert werden. Die { Stell-)Geschwindigkeit einet Steuerung wird mit der Genauigkeit einer Regelung kombiniert. Durch
Summenstrom- statt Einzelstrom-Erfassung wird der Hardware-Aufwand (Kosten) minimiert.
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Process for operating electric, current-controlled actuators

The invention describes a process for operating electric, current-controlled
actuators in accordance with the main claim. An increasing number of electric,
current-controlled actuators, such as proportional control valves, whose current is
controlled as a function of process-related parameters in open or closed control loops,
are used in vehicle engineering. Control loops of this kind are commonly known, for
example from VDI-Nachrichten [Verein Deutscher Ingenteure (Association of
German Engineers) - News] No. 38,8 September 1981, page 16; or VDI-Berichte

(VDI-Reports) No. 418, 1981, page 186; or Automotive Engineering, 1984, page 79.

In closed-loop control systems, & microprocessor is used to process those
parameters that are intended to cause a movement of the actualors; the sct point value
for the current is determined from those parameters and is provided as an output which
is then compared with the actual current value of the actuator. The manipulated
variable is increased or decreased in accordance with the difference between the set
point and the actual value. In order to determine the current value on each actuator, a
current measurement facility for each actuator is required. Furthermore, a relatively
powerful microprocessor is necessary to process the data. The time constant of such

closed-loop control systems depends mainly on the power of the microprocessor used.
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Control systems in which the actual current vatue is not measured and compared
with the sct point operate faster. However, those types of control systems are usually not
accurate enough, since they do not give sufficient consideration to the interference
signals that influence the process-rclated parameters and actuators. Known solutions
measure the most important interference signals separately and compensate for their
influence by means of suitable programs. This becomes very expensive, however, ifa
large number of interference signals and actuators nced to be covered. An additional

factor is that not all interference signals can be measured directly.

It is the task of the invention to create a process for operating electric, current-

controlled actuators that provides fast and accurate control of the actuators.

In accordance with the present invention there is provided a process for operating
electric, current-controlled actuators, utilising a microprocessor with a storage facility,
which stores process related data, maps and sequential programs, with inputs, to which
input signals are applied, which are processed into current set point values for output to
a set of actuators by the microprocessor according to a logical process using the process
related data, maps and sequential programs, characterised by the fact that the current of
the individual actuators is measured and that the current signal is applied to the inputs of
the microprocessor, that when an input signal is not changing, during which time no input
signals are present at the inputs of the microprocessor that are intended to cause a
position adjustment of the actuators, the microprocessor, based on a standardised
modulation program, issues set point values for the individual actuators that arc lower
than the response threshold of the process. that the microprocessor, using the electrical
current changes which result from the modulation and which allow the output signal to
be modified with respect to the presence of interference signals, determines a
compensation value and stores the compensation value temporarily, and that the

compensation value stored last is used to determine a manipulated variable, as soon as

an operating signal is present at an input.
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The invented process is an open-loop control process. in which the current set
points of the individual actuatars are determined and output in the commonly used way
in dependence of the process-related parameters by means of a microprocessor. The
interference signals, however, are not measured individually but only in their combined
effect on the current to the actuators. For this purpose, the intermediate time periods,
during which no operating signals from parameters arc applied at the microprocessor
inputs, is used to activate a program for determining the correction variables (modulation
program) which produces output signals for each individual actuator (modulation) in
sequence, at a level that lies below the response threshold of the process. The actuator
current is measured simultaneously, and compensation vatues are determined from the
current signals and stored temporarily. As soon as process-relevant operating signals are
present at the Microprocessor input, they are processed together with the compensation

values stored last to produce and output the set point values for the individual actuators.

The expenditure for such a process is particularly small if, according to one
embodiment of the invention, a single current-measuring facility is used to measure the
total current of a number of, or of all, actuators, and if the microprocessor, in its
modulation mode, produces the modulation outputs consecutively for the individual
actuators. Since at the same time during the modulation program only the set point for
one actuator is modulated and the set point values for the remaining actuators remain
constant, conctusions can be drawn from the total current signat at different times as to

the influence of the interference signals on the individual actuators.

The invention is explained by means of the diagram. Shown are in:

Fig. 1 an embodiment using a number of current-measuring
facilities;
Fig. 2 an embodiment using a single current-measuring facility

to determine the total current value.
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A microprocessor, designated with 1. comprises memory for process-related
data, characteristics families and sequencing programs as well as inputs for 2 process-
related parameters, which are intended to cause a position adjustment of the actuators.
In the following description, the signals are called operating signals. In addition,
inputs 3 are provided for current signals that are produced by current-measuring
facilities 4. They measure the current value of electrie, current-controlled actuators, in
this particular case electromagnetic proportional control valves S, which have an

clectrical part 6 and a magnetic-hydraulic patt 7.

In dependence of the operating signals, the microprocessor | determines the
current set point values of the electrical parts 6 of llie proportional valves 5 by using
the stored data and programs. During this process. the set points are corrected by
compensation values, which the microprocessor | has determined and placed in short-
term memory. The set point signals are present at the outputs 8 of the microprocessor
| and cause, via a power output stage 9. a corresponding current in the electric parts 6

of the proportional control valves 3.

Of several actuators and proportional control valves 5, only one euch is
depicted: others (in the example three) are suggested by the layered diagrammatic

circuits 12 1o 14
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[nterference signals 10, for example, the supply voltage. temperature, elc.,
affect the control process. The interference signals 10 influence the current value in the
electrical part 6 of the proportional control valves 5. In order to determine the value of
this influence and to process it into compensation values, & modulation program is
activated during those times. in which no operating signals are present at the inputs 2.
thus causing at the outputs 8 the issuing of modulated set point signals for the
individual proportional control valves 3, at a signal level below the response threshold
of the process. The current signals determined from those set point values can be used
to deduct the overall influence of the interference signals and to determine a
corresponding compensation value. If operating signals are present at the inputs 2, the
modulation process is terminated and the compensation values stored last are used to

form the new set point values.

The embodiment according to Fig. 2 is differentiated from the embodiment
shown in Fig. 1 only in that it provides. instead of one current-measuring facility 4 for
each proportional control valve 5, a single current-measuring facility 11 which
measures the total current of all (in the example four) proportional control valves 5 and
supplies it to the microprocessor 1. In modulation mede. this processor modulates the
set point values separately and consecutively for each proportional control valve and
thus determines from the total current the compensation values for the individual

proportional control valves 5.
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Legend

1 Microprocessor

2 Input

3 Input

4 Current-measuring facility
S Proportional control valve
6 Electrical part

7 Magnetic-hydraulic part

8 Output

9 Power output stage

10 Interference signals

Il Current-measuring facility
12 Diagrammatic circuit

13 Diagrammatic circuit

14  Diagrammatic circuit
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The claims defining the invention are as follows:

1. Process for operating electric, current-controlled actuators (5), vtilising a
microprocessor (1) with a storage facility, which stores process related data, maps and
sequential programs, with inputs (2,3), to which input signals are applied, which are
processed into current set point values for output to a set of actuators (5) by the
microprocessor (1) according to a logical process using the process related data, maps
and sequential programs, characterised by the fact that the current of the individual
actuators (5) is measured and that the current signal is applied to the inputs (3) of the
microprocessor (1), that when an input signal is not changing, during which time no input
signals are present at the inputs (2} of the microprocessor (1) that are intended to cause
a position adjustment of the actuators (5), the microprocessor (1), based on a standardised
modulation program, issues set point values for the individual actuators (5) that are lower
than the response threshold of the process, that the microprocessor (1), using the
electrical current changes which result from the modulation and which allow the output
signal to be modified with respect to the presence of interference si gnals, determines a
compensation value and stores the compensation value temporarily, and that the

compensation value stored last is used to determine a manipulated variable, as soon as

an operating signal is present at an input (2).
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2. Process according to claim 1, characterised by the fact that the total current of
several or of all actuators (5) is measured by a single current-measuring facility (11) and
that the microprocessor (1) determines in its modulation mode the compensation values
consecutively for the individual actuators (5); the manipulated variables for the individual

actuators being corrected individually with the corresponding compensation values.

3. Process for operating electric, current controlled actuators substantially as

hereinbefore described with reference to figure 1 and figure 2 of the accompanying

drawings.

DATED THIS 5TH DAY OF FEBRUARY 1997

7F FRIEDRICHSHAFEN AG

By their Patent Attorneys

LORD & COMPANY

PERTH, WESTERN AUSTRALIA
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Summary

Process for operating electric, current-controlled actuators

5 The process comprises an open-loop control circuit in which the total current
of the actuators is determined and made available as an input to a microprocessor. In
modulation mode. this processor produces at its outputs modulated set point signals for
each actuator in sequence. whereby the set point signal levels are below the response
threshold of the process. From the total current signal, the microprocessor determines

10 compensation values with which the set point values of the actuators arc corrected.

The (regulating) speed of an (open-loop) control system is thus combined with

the accuracy of a [closed-loop] control sy stem.

The hardware expenditure (cost) is minimised as a result of measuring the total

current instead of measuring cach individual current,
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