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(57) ABSTRACT 

In a servo control apparatus in Which a machine system is 
driven by a servo motor, a phase compensation device is 
provided. The phase compensating device calculates a speed 
component (phase delay compensation signal) correspond 

(21) Appl' NO‘: 09/758’201 ing to a phase delay caused by a mechanical resonance 

22 Fl (12 I 12 2001 suppressing ?lter Which is provided so as to suppress 
( ) 1 6 Jan ’ resonance and mechanical vibrations, produced by a char 

Related US Application Data acteristic frequency oWned by the machine system. While 
such a signal obtained by adding this speed component 

(63) Continuation of application No. PCT/JP99/02521, (Phase delay Compensation Signal) to an actualmotorspeed 
?led on May 14, 1999_ is used as a speed feedback signal for a control operation, 

unstable conditions of a servo system, Which are caused by 
Publication Classi?cation the phase delay caused When the mechanical resonance ?lter 

is applied, are suppressed, and a high gain of the servo 
(51) Int. Cl.7 ................................................... .. G05B 11/01 control apparatus is realized. 
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SERVO CONTROL APPARATUS 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This is a continuation of International Application 
PCT/JP99/02521, With an international ?ling date of May 
14, 1999, the contents of Which is hereby incorporated by 
reference into the present application. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a servo control 
apparatus, and more speci?cally, to a servo control apparatus 
for controlling a servo motor used to drive a machine tool 
and the like. 

[0003] FIG. 14 is a block diagram for shoWing a conven 
tional servo control apparatus. In this draWing, reference 
numeral 1 indicates a position command producing unit, 
reference numeral 2 represents a position control unit, 
reference numeral 3 indicates a speed control unit, and 
reference numeral 4 is a mechanical resonance suppressing 
?lter, Which is constructed of, for instance, a notch ?lter and 
the like, and is provided so as to remove resonance and 
vibrations caused by a characteristic frequency of a machine 
system and the like, and reference numeral 5 shoWs a current 
control unit, reference numeral 6 indicates a current drive 
means constituted by, for example, a poWer amplifying 
circuit and the like. Also, reference numeral 7 denotes a 
servo motor for driving the machine system, reference 
numeral 8 represents an encoder for detecting a rotary 
position of the servo motor 7, and reference numeral 9 
shoWs a differentiating means for differentiating a position 
detection signal outputted from the encoder 8. It should be 
noted that a detection means for detecting the motor speed 
is composed of the encoder 8 and the differentiating means 
9. 

[0004] Reference numeral 10 shoWs a position command 
signal outputted from the position command producing unit 
1, reference numeral 11 represents a position feedback signal 
indicative of a rotary position of the servo motor 7, Which is 
outputted from the encoder 8, and reference numeral 12 is a 
speed command signal outputted from the position control 
unit 2, reference numeral 13 indicates a speed detection 
signal (speed feedback signal) outputted from the differen 
tiating means 9, reference numeral 14 shoWs a speed devia 
tion signal equal to a difference betWeen the speed command 
signal 12 and the speed detection signal 13, reference 
numeral 15 represents a current command signal outputted 
from the speed control unit 3, reference numeral 16 denotes 
a ?lter output current command signal Which is again 
produced via the mechanical resonance suppressing ?lter 4, 
and reference numeral 17 indicates a current feedback signal 
indicative of a current ?oWing through the servo motor 7. 

[0005] This servo control apparatus is so arranged as to 
control the servo motor 7 in such a manner that the position 
feedback signal 11 indicative of the rotary position of the 
servo motor 7 Which is detected by the encoder 8 may folloW 
the position command signal 10 outputted from the position 
command producing unit 1. Also, in order to perform this 
operation in a high speed and under stable condition, the 
position control unit 2 produces the speed command signal 
12 based upon the deviation signal betWeen the position 
command signal 10 and the position feedback signal 11. 
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Furthermore, the speed control unit 3 outputs the current 
command signal 15 to the servo motor 7 in such a manner 
that the speed feedback signal 13 Which is produced by the 
differentiating means 9 based upon the position feedback 
signal 11 may folloW the speed command signal 12. 

[0006] As previously explained, reference numeral 16 
shoWs a ?lter output current command signal Which is 
outputted from the mechanical resonance suppressing ?lter 
4. Both the current control unit 5 and the poWer ampli?er 6 
controls the current Which is supplied to the servo motor 7 
in order that the current feedback signal 17 Which indicates 
a value of a current ?oWing through the servo motor 7 may 
folloW the current command signal 16. Also, reference 18 
indicates a machine system driven by the servo motor 7, and 
reaction force 19 produced by this machine system may give 
an effect to the poWer of the servo motor 7. 

[0007] In this case, in order to increase the folloWing 
characteristic With respect to the command of the servo 
motor 7, While either the resonance characteristic of the 
position loop Which is de?ned from the position command 
signal 10 to the position feedback signal 11 or the response 
characteristic of the speed loop Which is de?ned from the 
speed command signal 12 to the speed feedback signal 13 
are increased, the mechanical resonance and the vibrations 
are produced due to the characteristic frequencies eXisting in 
the machine system 18 driven by the servo motor 7. As a 
result, not only the machine system 18 is operated under 
unstable condition, but also the control loop itself of the 
servo motor 7 is brought into the unstable condition. 

[0008] In the above-described conventional servo control 
apparatus, While the mechanical resonance suppression ?lter 
4 is inserted betWeen the current command signals 15 and 16 
so as to reduce the mechanical resonance and the vibrations, 
in the case Where the characteristic frequency of the mechine 
system 18 is loW and the frequencies of the mechanical 
resonance and of the vibrations are loW, the resonance 
eliminating frequency of the mechanical resonance sup 
pressing ?lter 4 must be set to the loW frequency. As a result, 
When this setting frequency of the mechanical resonance 
suppressing ?lter 4 approaches the response range of the 
speed loop, the adverse in?uence caused by the phase delay 
in the servo control loop, in particular, de?ned from the 
speed command signal 12 to the speed feedback signal 13 is 
increased, so that the phase margin of the speed loop 
corresponding to the closed loop de?ned from the speed 
command signal 12 to the speed feedback signal 13 is lost 
and thus, the control system is brought into the unstable 
condition. This may cause a problem in that enhancement of 
the performance is hindered While the response character 
istic of the servo control system is increased and also the 
folloWing characteristic of the position feedback signal 11 to 
the position command signal 10, namely the major purpose 
of the servo system, is increased. 

[0009] Also, as the mechanical resonance suppressing 
?lter 4, there are many cases that notch ?lters capable of 
removing only certain ?Xed frequency components are used. 
HoWever, since there are many cases in Which a plurality of 
characteristic frequencies are present in the machine system 
18, it is practically dif?cult to remove all of the mechanical 
resonance by employing such notch ?lters. To the contrary, 
one solution may be conceived. That is, While a loW-pass 
?lter is employed as the mechanical resonance suppressing 



US 2001/0002097 A1 

?lter 4, the gain higher than, or equal to a certain speci?c 
frequency is reduced. In this case, since the phase delay is 
commenced from the very loW frequency range With respect 
to the setting frequency, there are such problems that the 
adverse in?uence is easily given also to the control range of 
the speed loop, and the phase margin of the speed loop With 
respect to the notch ?lter can be hardly obtained. 

SUMMARY OF THE INVENTION 

[0010] The present invention has been made to solve the 
above-described problems, and therefore, has an object to 
provide a servo control apparatus capable of reducing an 
adverse in?uence of a phase delay caused by inserting a 
mechanical resonance ?lter, and thus, capable of realiZing a 
servo system having a high gain by performing the calcu 
lation of the phase delay of the mechanical resonance 
suppressing ?lter While a speed component corresponding to 
this phase delay is added to an actual motor speed and then, 
the resulting actual motor speed is employed as a speed 
feedback signal for a control. 

[0011] A servo control apparatus of the present invention 
comprises: a servo motor for driving a predetermined 
machine system; detection means for detecting both a posi 
tion of the servo motor and a speed of the servo motor; 
position control means for producing a speed command 
signal based upon a difference betWeen an externally entered 
position command signal and a position detection signal 
outputted from the detection means; speed control means 
connected to the position control means, for producing a ?rst 
current command signal indicative of a value of a current to 
be supplied to the servo motor; mechanical resonance sup 
pressing ?lter means for converting the ?rst current com 
mand signal into a second current command signal used to 
suppress resonance and vibrations, Which are caused by a 
characteristic frequency of the machine system; current 
control means for controlling a current to be supplied to the 
servo motor based upon the second current command signal; 
phase compensating means for calculating based on the ?rst 
current command signal, a speed component corresponding 
to a phase delay occurring in a speed loop de?ned from the 
speed command signal up to the speed detection signal, 
Which is caused by providing the mechanical resonance 
suppressing ?lter means; and for outputting the speed com 
ponent obtained by the calculation as a phase delay com 
pensation signal; and speed feedback signal producing 
means for producing a speed feedback signal by adding the 
phase delay compensation signal to the speed detection 
signal, Wherein the speed control means produces the ?rst 
current command signal based upon a difference betWeen 
the speed command signal outputted form the position 
control means and the speed feedback signal. 

[0012] The mechanical resonance suppressing ?lter means 
may comprise an FIR type notch ?lter. 

[0013] Alternatively, the mechanical resonance suppress 
ing ?lter means may comprise a loW-pass ?lter for removing 
frequency components higher than, or equal to a speci?c 
frequency. 

[0014] Also, the loW-pass ?lter includes an integrating 
device. 

[0015] The servo control apparatus of the present inven 
tion further comprises: compensation signal reducing means 

May 31, 2001 

provided betWeen the phase compensating means and the 
speed feedback signal producing means, for reducing the 
phase delay compensation signal, in the case Where a 
frequency of the ?rst current command signal is loWer than 
a predetermined value. 

[0016] The speed control means may comprise a propor 
tional control unit for performing a proportional control and 
an integral control unit for performing an integral control. 
The proportional control unit may produce a proportional 
term current command signal based upon the difference 
betWeen the speed command signal outputted from the 
position control means and the speed feedback signal. The 
integral control unit may produce an integral term current 
command signal based upon the difference betWeen the 
speed command signal outputted form the position control 
means and the speed detection signal outputted form the 
detection means. A signal obtained by adding the propor 
tional term current command signal to the integral term 
current command signal may be used as the ?rst current 
command signal corresponding to the output of the speed 
control means. 

[0017] The proportional term current command signal 
outputted form the proportional control unit may be 
employed as an input of the phase compensating means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a block diagram for shoWing a servo 
control apparatus according to an embodiment 1 of the 
present invention; 

[0019] FIG. 2 is a partially block diagram shoWing a 
relationship betWeen a mechanical resonance suppressing 
?lter and a phase compensating device employed in the 
servo control apparatus of FIG. 1; 

[0020] FIG. 3 is a block diagram for representing the 
effect of the embodiment 1 of the present invention; 

[0021] FIG. 4 is a partially block diagram for indicating a 
relationship betWeen a mechanical resonance suppressing 
?lter and a phase compensating device, according to an 
embodiment 2 of the present invention; 

[0022] FIG. 5 is a partially block diagram for indicating a 
relationship betWeen a mechanical resonance suppressing 
?lter and a phase compensating device, according to an 
embodiment 3 of the present invention; 

[0023] FIG. 6 is a block diagram for representing a servo 
control apparatus according to an embodiment 4 of the 
present invention; 

[0024] FIG. 7 is a block diagram for representing a servo 
control apparatus according to an embodiment 5 of the 
present invention; 

[0025] FIG. 8 is a block diagram for representing a servo 
control apparatus according to an embodiment 6 of the 
present invention; 

[0026] FIG. 9 is a graph for shoWing the frequency 
response of the speed loop of the conventional servo control 
apparatus having the mechanical resonance; 

[0027] FIG. 10 is a graph for representing the frequency 
response of the speed loop in the case that a notch ?lter is 
applied to the conventional servo control apparatus having 
the mechanical resonance; 
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[0028] FIG. 11 is a graph for indicating a frequency 
response of a speed loop of a servo control apparatus having 
mechanical resonance indicative of an effect of the embodi 
ment 1 of the present invention; 

[0029] FIG. 12 is a graph for representing the frequency 
response of the speed loop in the case that a loW-pass ?lter 
is applied to the conventional servo control apparatus having 
the mechanical resonance; 

[0030] FIG. 13 is a graph for indicating a frequency 
response of a speed loop of a servo control apparatus having 
mechanical resonance indicative of an effect of the embodi 
ment 3 of the present invention; and 

[0031] FIG. 14 is a block diagram for shoWing the con 
ventional servo control apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0032] Referring noW to the draWings, a description Will 
be made of preferred embodiments of the present invention. 

Embodiment 1 

[0033] FIG. 1 is a block diagram of a servo control 
apparatus according to an embodiment 1 of the present 
invention. In this draWing, since reference numerals 1 to 19 
are similar to those of the above-explained components 
shoWn in FIG. 14, explanations thereof are omitted. It 
should be noted that reference numeral 20 shoWs a phase 
compensating device Which receives a current command 
signal 15 outputted from the speed control unit 3 and outputs 
a phase delay compensation signal 21. Also, the mechanical 
resonance suppressing ?lter 4 in this embodiment is consti 
tuted by an FIR type notch ?lter. 

[0034] Although operations of the servo control apparatus 
according to this embodiment 1 are basically the same as 
those of the conventional servo control apparatus shoWn in 
FIG. 14, a different point is as folloWs: That is, in this 
embodiment, the phase delay compensation signal 21 cor 
responding to the output of the phase compensating device 
20 is added to the speed detection signal 13, so that a speed 
feedback signal 22 is formed. In this embodiment 1, While 
the phase compensating device 20 uses as an input, the same 
command signal as the current command signal 15 corre 
sponding to the input signal into the mechanical resonance 
suppressing ?lter 4, this phase compensating device 20 
calculates a phase delay produced in the speed loop de?ned 
from the speed command signal 12 to the speed detection 
signal 13, and this phase delay is caused by inserting the 
mechanical resonance suppressing ?lter 4. 

[0035] FIG. 2 represents a phase delay compensating 
method eXecuted in the case that an FIR ?lter typically 
knoWn in the ?eld is used as the mechanical resonance 
suppressing ?lter 4. In this case, generally speaking, since 
the response characteristic of the current loop de?ned from 
the current command signal 16 to the current feedback 
signal 17 is sufficiently high With respect to the response 
characteristic of the speed loop corresponding to the loop 
located outside this current loop, the current command 
signal 16 as it is may be handled as a value of a current 
?oWing through the servo motor 7. As shoWn in FIG. 2, in 
this embodiment, the mechanical resonance suppressing 
?lter 4 is constituted by a term 4a of (k), a term 4b of (Z'“), 
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a term 4c of (1—k), and a term 4d of It is noW assumed 
that the current command signal 15 is inputted to both the 
term 4a and the term 4b, a signal Which is obtained by 
adding the output obtained via the term 4b and the term 4c 
to the output of the term 4a is entered into the term 4d, and 
the output from the term 4a' is used as the output 16 of the 
mechanical resonance suppressing ?lter 4. Also, the phase 
compensating device 20 is constituted by a term 20a of (k), 
a term 20b of (Z_“), a term 20c of (1—k), a term 20d of (Vzk), 
and a term 24 of (Kt hat/J hat s). It is noW assumed that the 
current command signal 15 is fed to both the term 20a and 
the term 20b, a signal Which is obtained by subtracting the 
output obtained via both the terms 20b and 20c from the 
output of the term 20a is inputted into the term 20d, and 
furthermore, the output from the term 20a' is entered into the 
term 24, and then, the output from the term 24 is used as the 
output 21 of the phase compensating device 20. It should be 
understood that a term 23 of (Kt/Js) shoWn in FIG. 2 
corresponds to a term Which indicates the motor current up 
to the speed of the motor, and constitutes a transfer function 
de?ned from a motor current 17 (=current command signal 
16) to the speed detection signal 13. Similarly, the term 24 
of (Kt hat/J hat s) shoWn in FIG. 2 constitutes a transfer 
function de?ned from the motor current 17 to the speed 
detection signal 13 seen from the control system. In this 
case, symbol “Kt” indicates a torque constant of a motor, 
indicative of a ratio of the torque outputted from the servo 
motor 7 to the motor current, and symbol “J” represents 
motor shaft-converted load inertia involving the machine 
system 18 and the servo motor 7. At this time, the compen 
sation for the phase delay is calculated by the phase com 
pensating device 20 containing the arrangement (20a-20a' 
and 24) shoWn in FIG. 2 provided inside the servo control 
apparatus. It should also be noted that both the torque 
constant Kt of the motor and the motor shaft-converted load 
inertia J are the design values, or the torque constant Kt is 
already knoWn from the actual measurement values of the 
servo motor 7 and the actual measurement values When the 
machine is manufactured. It should further be noted that the 
coef?cient “k” in the terms 4a and 20a of (k) and in the terms 
4c and 20c of (1—k) corresponds to a predetermined pro 
portional constant oWned by the notch ?lter (digital ?lter). In 
a general-purpose notch ?lter, a value of k=0.5 is employed 
as this coef?cient k. The signal components of such input 
signals, Which are located near the central frequency of the 
?lter, are removed at maXimum When k=0.5. While the value 
of the coefficient k approaches 1 from 0.5, the signal 
components to be removed are reduced. The symbol “Z'm 
that appears in the terms 4b and 20b of (Z_“) corresponds to 
a general-purpose symbol Which is used for representing 
discrete time. In an actual digital control, it is knoWn that a 
CPU eXecutes a process operation at every certain ?Xed time 
period (sampling period). Also, symbol (Z_n) shoWs a func 
tion at Which sampling data before the sampling operation is 
carried out “n” times is outputted. 

[0036] FIG. 3 is a block diagram for shoWing a circuit 
de?ned from the current command signal 15 up to the speed 
feedback 22, Which is a current command signal before 
being entered into the mechanical resonance suppressing 
?lter 4 in the case that the term 24 of (Kt hat/J hat s) shoWn 
in FIG. 2 is made equal to the term 23 of the actual (Kt/Js). 
As apparent from FIG. 2, there are tWo differences betWeen 
the structural element of the mechanical resonance suppress 
ing ?lter 4 and the structural element of the phase compen 
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sating device 20. As one of these differences, the term 24 of 
(Kt hat/J hat s) is additionally provided Within the phase 
compensating device 20. Other structural elements 4a to 4c 
and 20a to 20c correspond to each other. As explained 
above, another difference is such that the output signal of the 
term 4c of (1-k) is added to the output signal of the term 4a 
of (k) in the mechanical resonance suppressing ?lter 4, 
Whereas the output signal of the term 20c of (1-k) is 
conversely subtracted from the output signal of the term 20a 
of (k) in the phase compensating device 20. As a result, in 
the case that the term 23 is equal to the term 24, the output 
of the term 4c of (1-k) is canceled With the output of the 
term 20c of (1-k), resulting in the circuit as shoWn in the 
block diagram of FIG. 3. 

[0037] As previously explained, the phase delay caused by 
the mechanical resonance suppressing ?lter 4 is corrected by 
the phase compensating device 20 indicated in the block 
diagrams of FIG. 1 and FIG. 2, and the phase delay Which 
is caused by inserting the mechanical resonance suppressing 
?lter 4 is improved. Also, since the phase compensating 
device 20 is arranged by a form in Which the frequency 
range Whose gain is cut by the mechanical resonance sup 
pressing ?lter 4 is compensated, the phase compensation 
signal 21 can be substantially neglected in the loW frequency 
range Where the phase compensation is not required, and the 
speed detection signal 13 corresponding to the actual 
machine speed is made substantially identical to the speed 
command signal 12. 

[0038] FIG. 9 shoWs a simulation result indicating a 
frequency response of a speed loop de?ned from a speed 
command up to a speed feedback of a conventional servo 
system having a mechanical resonance of approximately 600 
HZ. In this case, a gain of this mechanical resonance of 600 
HZ exceeds 0 dB, so that the mechanical resonance may give 
an adverse in?uence also to both the servo control system 
and the mechanical system. Thus, FIG. 10 shoWs such a case 
of the conventional servo system indicated in FIG. 14 that 
the notch ?lter is inserted into the circuit portion subsequent 
to the speed control unit 3 in this system. At this time, it may 
be understood that although the adverse in?uence caused by 
the mechanical resonance of a 600 HZ can be relaxed, the 
gain exceeds 0 dB and then is further increased in the speed 
control range due to the adverse in?uence of the phase delay 
of the notch ?lter, and also the phase margin is lost, resulting 
in an unstable system as a speed control loop. In this case, 
FIG. 11 represents a speed loop frequency response, de?ned 
from the speed command signal 12 up to the speed detection 
signal 13 of the servo control apparatus in the case that the 
phase compensating device 20 of FIG. 1 and FIG. 2, 
according to the embodiment 1 of the present invention is 
conducted. At this time, there is no gain increase in the speed 
control range as seen in FIG. 10, and the stable control loop 
capable of obtaining the phase margin can be realiZed. 

[0039] As previously explained, in the servo control appa 
ratus for controlling the positions of the feeding shafts of the 
machine tool and the drive apparatus With employment of 
the servo motor, the mechanical resonance suppressing ?lter 
4 is normally inserted in order to achieve such a purpose that 
both the resonance and the mechanical vibrations caused by 
the characteristic frequencies oWned by the mechanical 
system are suppressed and the gain of the servo system is 
increased. HoWever, in the case that the mechanical reso 
nance frequency is loW and approaches the control range of 
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the speed loop and also the control range of the position 
loop, if the mechanical resonance suppressing ?lter 4 is 
inserted, then there are some possibilities that the phase 
margin of the servo control system is lost and the servo 
control system is brought into the unstable condition 
because of the phase delay oWned by this mechanical 
resonance suppressing ?lter 4. In such a case, after all, to 
avoid such an unstable servo control system, the control 
range of the servo loop is decreased. As a result, the servo 
system cannot oWn the high gain, and it is difficult to obtain 
such a servo system having a high response and high 
performance. In accordance With the present invention, 
While such a phase delay of the mechanical resonance 
suppressing ?lter is calculated, the speed feedback signal 22 
Which is obtained by adding the speed component equivalent 
to this phase delay to the actual motor speed is used in the 
servo control. As a consequence, the adverse in?uence by 
the phase delay caused by inserting the mechanical reso 
nance ?lter can be reduced, so that the high gain of the servo 
system can be realiZed. 

Embodiment 2 

[0040] FIG. 4 is a block diagram for partially indicating a 
servo control apparatus according to an embodiment 2 of the 
present invention. Since other arrangements not shoWn in 
FIG. 4 are similar to the above-described arrangements of 
FIG. 1, a description is made With reference to FIG. 1. In 
the embodiment 2, a phase delay compensating method is 
indicated in the case that a mechanical resonance suppress 
ing ?lter 4A constructed of a loW-pass ?lter is used instead 
of the mechanical resonance suppressing ?lter 4 shoWn in 
FIG. 1. As represented in FIG. 4, the mechanical resonance 
suppressing ?lter 4A is arranged by a primary delay system 
of a term 46 of (1/(s+ot)). Also, as shoWn in FIG. 4, a phase 
compensating device 20A, according to this embodiment 2, 
is arranged by a term 206 of (s), a term 20f of (1/s), a term 
20g of (0t), and a term 24 of (Kt hat/J hat s). In this case, 
symbol “s” denotes the Laplace operator, symbol “s” indi 
cates a differentiation, and symbol “l/s” represents an inte 
gration. Similar to FIG. 2, in this case, generally speaking, 
since the response characteristic of the current loop de?ned 
from the current command signal 16 to the current feedback 
signal 17 is sufficiently high With respect to the response 
characteristic of the speed loop corresponding to the loop 
located outside this current loop, the current command 
signal 16 may be directly handled as a value of a current 
?oWing through the servo motor 7. 

[0041] Similar to the embodiment 1, in this case, When the 
term 24 of (Kt hat/J hat s) shoWn in FIG. 4 is made equal 
to the term 23 of the actual (Kt/Js), a transfer function may 
be indicated by the block diagram of FIG. 3. This transfer 
function is de?ned from the current command signal 15 
before being inputted to the mechanical resonance suppress 
ing ?lter 4A up to the speed feedback 22. As a result, the 
phase delay caused by the mechanical resonance suppress 
ing ?lter 4A is corrected by the phase compensating device 
indicated in the block diagrams of FIG. 1 and FIG. 4, and 
the phase delay Which is caused by inserting the mechanical 
resonance suppressing ?lter is improved. Also, since the 
phase compensating device 20A is arranged by a form in 
Which the frequency range Whose gain is cut by the mechani 
cal resonance suppressing ?lter 4A is compensated, the 
phase compensation signal 21 can be substantially neglected 
in the loW frequency range Where the phase compensation is 
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not required, and the speed detection signal 13 correspond 
ing to the actual machine speed is made substantially 
identical to the speed command signal 12. 

[0042] As previously explained, as the mechanical reso 
nance suppressing ?lter, a notch ?lter is used so as to have 
such a purpose that the ?lter effect thereof may be achieved 
only to frequency components Which have been suppressed 
as many as possible. When a system oWns a mechanical 
resonance having a large number of frequencies, there are 
cases in Which these frequencies can not be suppressed by a 
notch ?lter. In such a case, a loW-pass ?lter capable of 
removing frequency components higher than, or equal to a 
speci?c frequency may be effectively employed as a ?lter. In 
the case that resonance is mechanically suppressed by the 
loW-pass ?lter, a cut-off frequency of this loW-pass ?lter 
must be set to a very loW frequency, Which may give very 
large adverse in?uences to the servo control range. Thus, it 
is practically dif?cult to realiZe a servo system having a high 
gain. HoWever, in accordance With this embodiment, even 
When the loW-pass ?lter is employed in the mechanical 
resonance suppressing ?lter, since the phase delay is com 
pensated, the control system having the high gain can be 
obtained under stable condition. 

Embodiment 3 

[0043] FIG. 5 is a block diagram for partially indicating a 
servo control apparatus according to an embodiment 3 of the 
present invention. In this case, While the differentiating 
device 206 of the current command signal 15 executed in the 
arrangement of the above-described phase compensating 
device 20A shoWn in FIG. 4 is deleted, and also the 
integrating operation of the term 24 is deleted, a phase 
compensating device 20B is arranged by a primary delay 
system so as to reduce an error of a phase delay compen 
sation signal 21, Which is caused by noise and the like 
contained in the current command 15. As indicated in FIG. 
5, in this embodiment, the phase compensating device 20B 
is arranged by a term 20h of (1/(S+(X)) and a term 24B of (Kt 
hat/J hat). Since other arrangements are similar to those 
shoWn in FIG. 1 and FIG. 4, descriptions thereof are 
omitted. 

[0044] In this case, FIG. 12 represents a speed loop 
frequency response of the conventional servo system in the 
case Where a loW-pass ?lter having a cut-off frequency range 
at a frequency of 100 HZ is inserted as a mechanical 
resonance suppressing ?lter into a circuit subsequent to the 
speed control unit 3 in a servo system in Which mechanical 
resonance indicative of the speed loop frequency response of 
FIG. 9 oWns approximately 600 HZ. Also, in this case, in the 
speed control range, the gain exceeds 0 dB and is further 
increased due to the phase delay caused by the loW-pass 
?lter, and also the phase margin is lost, so that this servo 
system becomes an unstable system as the speed control 
loop. 
[0045] In this case, FIG. 13 represents a speed loop 
frequency response de?ned from the speed command signal 
12 up to the speed detection signal 13 of the servo control 
apparatus When the phase compensating device 20B of FIG. 
1 and FIG. 5, according to the embodiment of the present 
invention, is conducted. At this time, there is no gain 
increase in the speed control range as seen in FIG. 12, and 
the stable control loop capable of obtaining the phase margin 
can be realiZed. 
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[0046] As previously explained, in the servo control appa 
ratus of this embodiment, a similar effect to that of the 
above-explained embodiment 1 can be achieved. Further 
more, since the phase delay compensation calculation 
executed When the loW-pass ?lter is employed in the 
mechanical resonance suppressing ?lter is arranged by a 
simple primary delay, it is possible to reduce the errors 
produced in the phase delay compensation signal, Which is 
caused by the adverse in?uence such as noise contained in 
the current command. 

Embodiment 4 

[0047] FIG. 6 is a block diagram for indicating a servo 
control apparatus according to an embodiment 4 of the 
present invention. While the arrangement shoWn in FIG. 6 
is basically similar to that of FIG. 1, in this embodiment, 
before the phase delay compensation signal 21 correspond 
ing to the output of the phase compensating device 20 is 
added to the speed detection signal 13, a high-pass ?lter 25 
is inserted Which removes frequency components loWer 
than, or equal to a speci?c frequency. When the frequency 
of the current command signal 15 is loW, signal components 
for phase delay compensations of a loW frequency range are 
reduced. In this case, as to the mechanical resonance sup 
pressing ?lter 4 and the phase compensating device 20, any 
one of the above-explained embodiments 1, 2, and 3 of the 
present invention may be employed. 

[0048] The present invention has an object to compensate 
a phase delay caused by a mechanical resonance suppressing 
?lter. Normally, since the above-explained mechanical reso 
nance suppressing ?lter is inserted so as to suppress 
mechanical resonance and the like, the frequencies of Which 
are higher than those of the control range, the phase com 
pensation is not required originally in the loW frequency 
range. Originally, the phase compensating device 20 in 
accordance With the embodiments 1, 2, and 3 of the present 
invent invention is arranged by a form in Which the fre 
quency range Whose gain is cut by the mechanical resonance 
suppressing ?lter 4 is compensated. Thus, the phase com 
pensation signal 21 can be substantially neglected in the loW 
frequency range Where the phase compensation is not 
required, and the speed detection signal 13 corresponding to 
the actual machine speed is made substantially identical to 
the speed command signal 12. HoWever, in the case Where 
the setting frequency of the mechanical resonance suppress 
ing ?lter is loW, for example, When the frequency of the 
current command signal 15 is loWer than a preselected value, 
there are some cases that the adverse in?uence of the phase 
delay compensation signal 21 may give an adverse in?uence 
to positional precision of a machine. In such a case, the 
high-pass ?lter 25 shoWn in FIG. 6 according to this 
embodiment is inserted so as to remove the frequency 
components loWer than, or equal to the speci?c frequency. 
As a result, if the phase compensation signal 21 is reduced, 
then this adverse in?uence can be mitigated. As has been 
described, the high-pass ?lter 25 constitutes a compensation 
signal reducing means capable of reducing the phase delay 
compensation signal. 
[0049] In this embodiment mode, also in the case Where 
the setting frequency of the mechanical resonance suppress 
ing ?lter is loW and also the in?uence of the phase delay 
compensation signal 21 may adversely in?uence the posi 
tioning precision of the machine and so on, the high-pass 
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?lter 25 is inserted into the output of the phase delay 
compensation signal 21, so that this adverse in?uence can be 
mitigated. 

Embodiment 5 

[0050] FIG. 7 is a block diagram for shoWing a servo 
control apparatus according to an embodiment 5 of the 
present invention. The speed control unit 3 according to this 
embodiment 5 is basically constructed of a PI control. In this 
case, as a mechanical resonance suppressing ?lter 4 and a 
phase compensating device 20, any one of the above 
described components employed in the embodiments 1, 2, 
and 3 may be applied. In FIG. 7, reference numeral 28 
denotes a proportional control unit, reference numeral 29 
indicates an integral control unit, reference numeral 27 
represents a deviation signal betWeen a speed command 
signal 12 and a speed detection signal 13 indicative of an 
actual machine speed, reference numeral 30 denotes a pro 
portional term current command signal outputted from the 
proportional control unit 28, and also reference numeral 31 
denotes an integral term current command signal outputted 
from the integral control unit 29. It should be understood 
that a current command signal 15 corresponding to the 
output of the speed control unit 3 is constituted by combin 
ing the proportional term current command signal 30 With 
the integral term current command signal 31. 

[0051] This embodiment has a purpose capable of com 
pensating for the deviation betWeen the speed detection 
signal 13 corresponding to the actual machine speed and the 
speed command signal 12 based upon the output signal 21 
of the phase compensating device 20. In this embodiment, in 
order to reduce the above-described deviation to 0 in such a 
loW frequency range that the phase delay caused by the 
mechanical resonance suppressing ?lter 4 does not make a 
problem, the deviation signal 27 is entered into the input of 
the integral control unit 29 for performing the I control 
Within the PI control, namely the integral control. This 
deviation signal 27 corresponds to the deviation betWeen the 
speed detection signal 13 equal to the actual machine speed 
and the speed command signal 12. Also, in order to com 
pensate for the phase delay of the mechanical resonance 
suppressing ?lter 4 in the high frequency range, another 
deviation signal 14 is inputted into the input of the propor 
tional control unit 28 for performing the P control Within the 
PI control, namely the proportional control. This deviation 
signal 14 corresponds to such deviation betWeen the speed 
command signal 12 and a speed feedback signal 22 Which is 
produced by loading a phase delay compensation signal 21 
on the speed detection signal 13. 

[0052] As previously described, in this embodiment, While 
performing the PI control in a speed control unit 3C, the 
difference betWeen the speed command signal 12 and the 
speed feedback signal 22 to Which the phase delay compen 
sation component 21 has been added is entered into the input 
of the proportional control unit 28 corresponding to the P 
control, Whereas the difference betWeen the speed command 
signal 12 and the speed detection signal (speed feedback 
signal) 13 to Which the phase delay compensation compo 
nent 21 is not added is entered into the input of the integral 
control unit 29 corresponding to the I control. As a result, it 
is possible to reduce the error betWeen the actual speed 
feedback and the speed command signal 12. This error is 
caused by adding the phase delay compensation component 
21 to the speed feedback. 
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Embodiment 6 

[0053] FIG. 8 is a block diagram for shoWing a servo 
control apparatus according to an embodiment 6 of the 
present invention. A speed control unit 3D according to the 
embodiment 6 is basically constructed of a PI control. The 
arrangement of the speed control unit 3D in this embodiment 
is basically similar to the arrangement of the above-de 
scribed speed control unit 3C shoWn in FIG. 7. A point of 
difference in this embodiment is that the output to the phase 
compensating device 20 is constituted by not the current 
command signal 15, but by the proportional term current 
command signal 30 corresponding to the output signal of the 
proportional control unit 28. In this case, as a mechanical 
resonance suppressing ?lter 4 and a phase compensating 
device 20, any one of the above-described components 
employed in the embodiments 1, 2, and 3 may be applied. 

[0054] The servo control apparatus according to this 
embodiment 6 is arranged as folloWs: That is, in such a 
system that friction and load torque of the machine system 
18 are large, or unbalanced torque When being applied to a 
gravity shaft is large, in the case that the current command 
signal 15 outputted by the PI control indicates a static value 
Which does not appear directly in motor rotation motions 
When the servo motor 7 is accelerated and decelerated due 
to the adverse in?uences of the above-described torque, 
since the phase delay compensation signal 21 is produced 
Which is larger than the originally required value, such 
deviation betWeen the speed detection speed signal 13 equal 
to the actual machine speed and the speed instruction signal 
12 is not produced. In other Words, the current command 
signal 15 is mainly produced by the integral term current 
command signal 31 shoWn in FIG. 8, but the proportional 
term current command signal 30 takes a small part. This 
current command signal 15 corresponds to the friction and 
the load torque of the above machine system 18, or the 
unbalanced torque When being applied to the gravity shaft or 
the like. Conversely, in the high frequency range, the pro 
portional term current command 30 takes a large part. As a 
consequence, in this embodiment, as the signal used in the 
calculation for compensating for the phase delay, the pro 
portional term current command signal 30 is used. As a 
consequence, With respect to the mechanical resonance 
suppressing ?lter 4, the phase delay thereof can be compen 
sated, and also, the folloWing improvement can be made. 
That is, it is possible to avoid such a fact that the phase delay 
compensation signal 21 is unnecessarily increased due to the 
friction and the load torque, or the unbalanced torque When 
being applied to the gravity shaft, or the like. 

[0055] As previously explained, in this embodiment, as 
the input signal of the phase compensating device 20, not the 
current command signal 15 is employed but the proportional 
term current command signal 30 outputted from the propor 
tional control unit 28 is employed. As a result, it is possible 
to avoid an increase of the phase delay compensation signal 
21 When the current command signal 15 statically oWns a 
certain value due to the load torque and the unbalanced 
torque of the machine system 18, and thus an increase in 
error betWeen the speed command signal 12 and the actual 
speed detection signal 13 (speed feedback signal) is pre 
vented. 

INDUSTRIAL APPLICABILITY 

[0056] A servo control apparatus of the present invention 
comprises: a servo motor for driving a predetermined 
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machine system; detection means for detecting both a posi 
tion of the servo motor and a speed of the servomotor; 
position control means for producing a speed command 
signal based upon a difference betWeen an externally entered 
position command signal and a position detection signal 
outputted from the detection means; speed control means 
connected to the position control means, for producing a ?rst 
current command signal indicative of a value of a current to 
be supplied to the servo motor; mechanical resonance sup 
pressing ?lter means for converting the ?rst current com 
mand signal into a second current command signal used to 
suppress resonance and vibrations, Which are caused by a 
characteristic frequency of the machine system; current 
control means for controlling a current to be supplied to the 
servo motor based upon the second current command signal; 
phase compensating means for calculating based on the ?rst 
current command signal, a speed component corresponding 
to a phase delay occurring in a speed loop de?ned from the 
speed command signal up to the speed detection signal, 
Which is caused by providing the mechanical resonance 
suppressing ?lter means; and for outputting the speed com 
ponent obtained by the calculation as a phase delay com 
pensation signal; and speed feedback signal producing 
means for producing a speed feedback signal by adding the 
phase delay compensation signal to the speed detection 
signal, Wherein the speed control means produces the ?rst 
current command signal based upon a difference betWeen 
the speed command signal outputted form the position 
control means and the speed feedback signal. Since the 
phase delay caused by the mechanical resonance suppress 
ing ?lter is calculated and the speed feedback signal pro 
duced by adding the speed component corresponding to this 
phase delay to the actual motor speed is used for control, 
there are such an effect that the adverse in?uence of the 
phase delay caused by inserting the mechanical resonance 
suppressing ?lter can be reduced, and as a result, the servo 
system having the high gain can be realiZed. 

[0057] The mechanical resonance suppressing ?lter means 
may comprise an FIR type notch ?lter. The ?Xed frequency 
component can be readily removed, and the mechanical 
resonance suppressing ?lter means can be easily manufac 
tured. Furthermore, since the speed feedback signal pro 
duced by adding the speed component corresponding to the 
phase delay by the ?lter to the actual motor speed is used for 
control, there are such an effect that the adverse in?uence of 
the phase delay caused by inserting the mechanical reso 
nance suppressing ?lter can be reduced, and as a result, the 
servo system having the high gain can be realiZed. 

[0058] Alternatively, the mechanical resonance suppress 
ing ?lter means may comprise a loW-pass ?lter for removing 
frequency components higher than, or equal to a speci?c 
frequency. The gains of the frequencies higher than, or equal 
to a preselected frequency can be easily decreased. Further 
more, since the speed feedback signal produced by adding 
the speed component corresponding to the phase delay to the 
actual motor speed is used for control, there are such an 
effect that the adverse in?uence of the phase delay caused by 
inserting the mechanical resonance suppressing ?lter can be 
reduced, and as a result, the servo system having the high 
gain can be realiZed. 

[0059] Also, the loW-pass ?lter includes an integrating 
device. Since the servo control apparatus is arranged by the 
simple primary delay system made of the integrating device, 
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there is an effect that the error produced in the phase delay 
compensation signal, caused by the adverse in?uence such 
as noise contained in the current command signal, can be 
reduced. 

[0060] The servo control apparatus of the present inven 
tion further comprises: compensation signal reducing means 
provided betWeen the phase compensating means and the 
speed feedback signal producing means, for reducing the 
phase delay compensation signal, in the case Where a 
frequency of the ?rst current command signal is loWer than 
a predetermined value. Even in the case Where the setting 
frequency of the mechanical resonance suppressing ?lter is 
loW and the in?uence of the phase delay compensation 
signal gives the adverse in?uence to the positioning preci 
sion of the machine, since the compensation signal reducing 
means is inserted into the output of the phase delay com 
pensation signal, there is an effect that this adverse in?uence 
can be mitigated. 

[0061] The speed control means may comprise a propor 
tional control unit for performing a proportional control and 
an integral control unit for performing an integral control. 
The proportional control unit may produce a proportional 
term current command signal based upon the difference 
betWeen the speed command signal outputted from the 
position control means and the speed feedback signal. The 
integral control unit may produce an integral term current 
command signal based upon the difference betWeen the 
speed command signal outputted form the position control 
means and the speed detection signal outputted form the 
detection means. A signal obtained by adding the propor 
tional term current command signal to the integral term 
current command signal may be used as the ?rst current 
command signal corresponding to the output of the speed 
control means. There is such an effect that the error betWeen 
the speed command signal and the actual speed feedback 
signal, Which is produced by adding the phase delay com 
pensation to the speed feedback, can be canceled. 

[0062] The proportional term current command signal 
outputted form the proportional control unit may be 
employed as an input of the phase compensating means. 
There is such an effect to avoid such a fact that When the 
current command statically oWns a certain preselected value 
due to the load torque of the mechanical system and also the 
unbalanced torque, the phase compensation signal is 
increased, and the increase in error betWeen the speed 
command signal and the actual speed feedback signal is 
prevented. 
What is claimed is: 

1. A servo control apparatus comprising: 

a servo motor for driving a predetermined machine sys 

tem; 
detection means for detecting both a position of said servo 

motor and a speed of said servo motor; 

position control means for producing a speed command 
signal based upon a difference betWeen an externally 
entered position command signal and a position detec 
tion signal outputted from said detection means; 

speed control means connected to said position control 
means, for producing a ?rst current command signal 
indicative of a value of a current to be supplied to said 
servo motor; 




