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Description
Technical Field

The present invention relates to a method of con-
trolling a servomotor, and more particularly to a ser-
vomotor control method for continuously switching a
control loop from a Pl control mode to an I-p control
mode for increased response and stability.

Background Art

Pl and I-p control modes are widely employed for
the control of current and speed loops of servomo-
tors. The control process of each of the Pl and I-p con-
trol modes is carried out in a fixed manner.

The PI control mode is highly responsive, but low
in stability and accuracy. Conversely, the I-p control
mode is highly stable and accurate, but bad in re-
sponse. JP-A-58075207 discloses a method of con-
trolling a feedback control loop by switching it from a
PID mode to an I-PD mode.

Disclosure of the Invention

In view of the aforesaid drawback of the known
control modes, it is an object of the present invention
to provide a servomotor control method for continu-
ously switching a control loop from a Pl control mode
to an I-p control mode for increased response and sta-
bility.

To accomplish the above object; according to the
invention there is provided a method of stably control-
ling a servomotor at a high speed, comprising the
steps of :

reading an error;

continuously switching a control loop from a Pl
mode to an |-p control mode in accordance with a pro-
portional component of an input as a function of the
error, the error function being defined by:

when |e| =la, a=1;

when |e| <la, a= |e|/|a;

where e is the error, la is a predetermined error
when the function is switched, and a is a variable for
switching the gain of the proportional component;
and,

controlling the servomotor with the switched
control mode.

By thus continuously switching the control loop
from the PI control mode to the I-p control mode, the
response of the Pl control mode and the stability and
accuracy of the |-p control mode are combined to al-
low optimum control.

In the drawings:-

Fig. 1 is a block diagram of an arrangement for

carrying out a servomotor control;

Fig. 2 is an equivalent block diagram of the ar-

rangement shown in Fig. 1, when a variable o =
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1;

Fig. 3 is a diagram showing the relationship be-
tween an error e and the variable o according to
the invention;

Fig. 4 is a diagram showing the response of a con-
ventional Pl control mode by way of example;
Fig. 5 is a diagram showing the response of a con-
ventional I-p control mode by way of example;
and

Fig. 6 is a diagram showing the response of the
servomotor control method according to the
present invention.

Best Mode for Carrying Out the Invention

An embodiment of the present invention will here-
inafter be described with reference to the drawings.

FIG. 1 shows in block form an arrangement for
carrying out a servomotor control. A control loop em-
ployed here is a current control loop. Denoted at R(s)
is a current command value, Y(s) a current output, 1
a proportional arithmetic unit for the current command
value, k2 a proportional gain, and a a variable for mul-
tiplying the proportional gain, the variable a being va-
riable in the range of 0 = a = 1. The manner in which
the variable a varies will be described in detail later
on.

Denoted at 2 is an arithmetic unit for producing as
an output the difference between the current com-
mand value R(s) and the current output Y(s), 3 an in-
tegrator, k1 an integral gain, 4 an arithmetic unit for
adding the output from the proportional arithmetic
unit 1 and the output from the integrator 3, subtracting
the product of the current output Y(s) and the propor-
tional gain k2 from the sum, and producing the differ-
ence as an output, 5 a servomotor winding, and L the
inductance of the servomotor winding.

When a = 0, since the path of ak2 is eliminated,
the control mode of the arrangement of FIG. 1 be-
comes an I-p control mode. When a= 1, the arrange-
ment of FIG. 1 becomes equivalent to a control loop
shown in FIG. 2, which is of a Pl control mode. Those
parts shown in FIG. 2 which are identical to those of
FIG. 1 are designated by identical reference charac-
ters, and will not be described in detail.

The manner in which the variable o is controlled
will be described below. The variable a is controlled
as a function of an error e. FIG. 3 illustrates the rela-
tionship according to the invention between the error
e and the variable a. The horizontal axis of FIG. 3 in-
dicates e and the vertical axis o. As shown in FIG. 3,
when the error e is smaller than a constant value - la,
the variable o is 1, and when the error e ranges from
- la to la, the variable a is given by:

a = |el/la

When the error e is larger than la, the variable o
=1 again. That is, the variable o is expressed as fol-
lows:



3 EP 0 396 749 B1 4

when |e| =Zla,a=1

when |e| <la, a= |e|/|a
When the error e is large, the current control loop is
controlled in a manner close to the Pl control mode
to increase the response. When the error e is small,
the current control loop is controlled in a manner
close to the I-p control mode to maintain stability and
accuracy. Thus, a control mode having the advantag-
es of both of the Pl and I-p control modes is achieved.

An example of the response of the servomotor
control method according to the present invention will
be illustrated in comparison with those of convention-
al Pl and I-p control modes. FIG. 4 shows the re-
sponse of the conventional Pl control mode by way of
example. The horizontal axis of FIG. 4 represents
time (msec.) and the vertical axis a current value. An
input is a step inputu and an output is a current output
y(t). As shown in FIG. 4, the response is quick, but the
overshoot is large and the accuracy and stability are
bad.

FIG. 5 shows the response of the conventional |-
p control mode. The horizontal and vertical axes of
FIG. 5 indicate the same parameters as those of FIG.
4, with the same unit for the time. As shown in FIG.
5, the response is slow, but the overshoot is small and
the stability and accuracy are good.

FIG. 6 illustrates the response of the servomotor
control method of the present invention by way of ex-
ample. The horizontal and vertical axes of FIG. 6 in-
dicate the same parameters as those of FIG. 4, with
the same unit for the time. FIG. 6 clearly indicates that
the response, stability, and accuracy are improved.

While the control loop has been described as a
current loop, the control loop may become a speed
control loop by replacing L in FIG. 1 with (Jm/Kt) or re-
placing (1/L) with (Kt/Jm). Therefore, not only a cur-
rentloop but also a speed control loop can be control-
led in the same way. Kt represents the torque con-
stant of the servomotor, and Jm the rotor inertia of the
servomotor.

With the present invention, as described above,
inasmuch the control loop is switched continuously
between the Pl control mode and the I-p control
maode, it is possible to control the servomotor with the
advantages of both of these control modes.

Since the variable in the Pl and I-p control modes
are varied depending on the error, the servomotor can
be controlled in a manner close to the Pl control mode
when the error is large and close to the I-p control
mode when the error is small. Thus, the control de-
pending on the error is made possible.

Claims
1. Amethod of stably controlling a servomotor (5) at

a high speed, comprising the steps of :
reading an error;
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continuously switching a control loop from
a Pl mode to an I-p control mode in accordance
with a proportional component of an input as a
function of the error, the error function being de-
fined by:

when |e| =la, a=1;

when |e| <la, a= |e|/|a;

where e is the error, la is a predetermined
error when the function is switched, and a is a va-
riable for switching the gain of the proportional
component; and,

controlling the servomotor with the switch-
ed control mode.

2. A method according to claim 1, wherein the con-
trol loop is a current loop.

3. A method according to claim 1, wherein the con-
trol loop is a speed loop.

Patentanspriiche

1. Verfahren zum stabilen Regeln eines Servomo-
tors (5) bei hoher Drehzahl mit folgenden Schrit-
ten:
ein Fehler wird gelesen;
eine Regelschleife wird von einer Pl-Regelung
auf eine |I-p-Regelung geman einer proportiona-
len Komponente eines Eingangssignals als Funk-
tion des Fehlers laufend geschaltet,
wobei die Fehlerfunktion definiert ist durch:

wenn |e| =la, a=1;

wenn |e| <la, a= |e|/|a;
wobei e der Fehler, la ein vorbestimmter Fehler
beim Schalten der Funktion und o eine Variable
zum Schalten des Verstarkungsfaktors der pro-
portionalen Komponente ist; und
der Servomotor wird in der geschalteten Rege-
lung geregelt.

2. Verfahren nach Anspruch 1, bei dem die Regel-

schleife eine Stromschleife ist.

3. Verfahren nach Anspruch 1, bei dem die Regel-

schleife eine Drehzahlschleife ist.

Revendications

1. Un procédé de commande stabilisée d’'un servo-
moteur (5) a vitesse élevée, comprenant les opé-
rations de :

- lecture d’une erreur ;

- commutation continue d’'une boucle de
commande depuis un mode Pl jusqu’a un
mode de commande I-p en accord avec une
composante proportionnelle d’un signal
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d’entrée en tant que fonction de I'erreur, la
fonction d’erreur étant définie par :

quand |e| =Zla,a=1;

quand |e| <la,a= |e|/|a;
ou e est I'erreur, la est une erreur détermi- 5
née a lavance quand la fonction est
commutée, et o est une variable pour
commuter le gain de la composante propor-
tionnelle ; et

- commande du servomoteur avec le mode 10

de commande commuté.

Un procédé selon la revendication 1, dans lequel
la boucle de commande est une boucle de cou-
rant. 15

Un procédé selon la revendication 1, dans lequel
la boucle de commande est une boucle de vites-
se.
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