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Description

Technical Field

[0001] The present invention relates to a servo control device.

Background Art

[0002] In a servo control device employed in, for example, a machine tool, various control methods have been proposed
in order to improve the precision of positioning control. Fig. 13 simply shows, in outline, an example configuration of a
machine tool. As shown in Fig. 13, the machine tool is provided with a bed 1 and a table 2 disposed on the bed 1. The
table 2 is provided so as to be movable on the bed 1 along an X-axis direction. At a gate-shaped column 3, a cross rail
is disposed along a Y-axis direction. A carriage 5 provided with a ram 6 is engaged with the cross rail 4 and is provided
so as to be movable along the Y-axis direction.
[0003] Movement in the X-axis direction of the table 2 is performed by a ball-screw drive mechanism. Movement in
the Y-axis direction of the carriage 5 provided with the ram 6 is also performed by another ball-screw drive mechanism
installed at the column 3.
[0004] With a relatively large machine tool, such as the one shown in Fig. 13, high-precision positioning control of the
carriage 5 and velocity control of the table 2 are required; however, during machining, low-frequency vibrations occur
at the column, etc. due to movement of the cross rail 4, the carriage 5, and the ram 6, and there is a problem in that the
positioning control of the carriage 5 and the ram 6 cannot be performed accurately.
[0005] In order to solve such a problem, for example, it has been proposed to model a servo system or a machine
system and to perform feedforward compensation using a transfer function having an inverse of that model (for example,
see Patent Literature 1).

Citation List

Patent Literature

[0006] {PTL 1} Japanese Unexamined Patent Application, Publication No. 2007-25961 EP 1 505 463 A2 discloses a
position control method for a machine tool, which moves a driven member by use of a servomotor. Position of the driven
member is controlled in accordance with full closed loop control. The position control device computes an integrated
feedback value as a function of motor speed, motor position, driven member speed, and driven member position, as
independent variables. A thrust instruction, which is inputted to the servomotor, is compensated with the integrated
feedback value.

Summary of Invention

Technical Problem

[0007] With the invention disclosed in Patent Literature 1, although the position of the carriage 5 can be compensated
for vibrations of the column itself, there is a problem in that it is not possible to cope with characteristic vibrations of the
carriage 5 caused by the vibrations of the column, and it is difficult to maintain a desired precision for the positioning control.
[0008] Furthermore, with the invention disclosed in Patent Literature 1, it is necessary to identify machine constants
in a transfer function for the feedforward compensation control; however, it is difficult to accurately identify such machine
constants, and there is a problem in that, without appropriately identifying the machine constants, the desired precision
cannot be maintained even if the feedforward compensation control is performed.
[0009] The present invention has been conceived in view of the above-described circumstances, and an object thereof
is to provide a servo control device that is capable of realizing improved precision of positioning control.

Solution to Problem

[0010] In order to solve the above-described problems, the present invention employs the following solutions.
[0011] The present invention provides a servo control device that is applied to a numerical control equipment provided
with a screw-feeding section that converts rotational movement of a motor to linear movement, a driven section that is
linearly moved by the screw-feeding section, and a support member by which the screw-feeding section and the driven
section are supported and that controls the motor so as to match a position of the driven section to a positioning instruction,
including a support-member-reaction-force compensating section that compensates for vibrations of the driven section
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due to vibrational reaction force of the support member, wherein a transfer function provided in the support-member-
reaction-force compensating section includes a stiffness term for the driven section.
[0012] By employing such a configuration, with the support-member-reaction-force compensating section, it becomes
possible to compensate for positioning-control errors due to the vibrations of the driven part caused by the vibration of
the support member. Accordingly, it becomes possible to improve the precision of positioning control of the driven section.
Since the transfer function provided in the support-member-reaction-force compensating section includes the stiffness
term for the driven section, it is possible to estimate a level at which the vibrations of the support member are transmitted
to the driven section with considerable precision.
[0013] In the servo control system described above, the support-member-reaction-force compensating section is
provided in a feedforward control system for velocity control of the motor.
[0014] In this way, by providing the support-member-reaction-force compensating section in the feedforward control
system for controlling the motor velocity, it becomes possible to accurately perform compensation for the motor velocity.
[0015] In the servo control system described above, the transfer function provided in the support-member-reaction-
force compensating section includes a stiffness term for the support member, and the stiffness term for the support
member may be identified on the basis of a vibration resonance frequency of vibrations generated when an impact is
applied to the support member or the driven section.
[0016] Since the vibrational resonance frequency is used in this way, for example, in comparison with a method of
identifying from the relationship between the force and the deformation, a greater measurement precision can be obtained,
and a greater identification precision can be obtained.
[0017] The servo control system described above may include a constant identifying section that identifies the stiffness
term for the support member, wherein the constant identifying section may include an impact generating section that
vibrates the driven section by applying an impact to the driven section; a vibration detecting section that detects the
vibrations of the driven section or the support member when the impact is applied thereto; and a support-member-
stiffness-term identifying section that calculates a resonance frequency of the driven section from a vibration signal
detected by the vibration detecting section and that identifies the stiffness term for the support member from this resonance
frequency.
[0018] The driven section is vibrated by applying an impact to the driven section in this way, and the stiffness term for
the support member is identified on the basis of the state of these vibrations; therefore, it is possible to increase the
reliability of identification of the stiffness term for the support member.
[0019] In the servo control system described above, the transfer function provided in the support-member-reaction-
force compensating section may include a viscosity term for the support member, and the viscosity term of the support
member may be identified on the basis of attenuation of the vibrations generated when the support member or the driven
section is vibrated by applying an impact thereto.
[0020] In this way, the viscosity term for the support member is identified on the basis of attenuation of the vibrations;
therefore, the viscosity term for the support member can easily be identified.
[0021] The servo control system described above may include a constant identifying section that identifies constants
included in the transfer function provided in the support-member-reaction-force compensating section, wherein the
constant identifying section may include an impact generating section that vibrates the driven section by applying an
impact to the driven section; a vibration detecting section that detects the vibrations of the driven section or the support
member when the impact is applied thereto; and a support-member-viscosity-term identifying section that calculates an
attenuation rate of the vibrations of the driven section from a vibration signal detected by the vibration detecting section
and that identifies the viscosity term for the support member from the attenuation rate of the vibrations.
[0022] In this way, the driven section is vibrated by applying an impact thereto, and the viscosity term for the support
member is identified on the basis of the state of the vibrations; therefore, it is possible to increase the reliability of
identification of the viscosity term for the support member.
[0023] In the servo control system described above, the impact generating section may vibrate the driven section by
moving the driven section at or above a predetermined acceleration.
[0024] In this way, the vibrations are generated by applying an impact to the driven section by moving the driven
section; therefore, it becomes possible to check the conditions of the vibrations in a mode that is closer to the actual
operation.
[0025] In the servo control system described above, when amplitudes of the vibrations of the driven section detected
by the vibration detecting section exceed a predetermined threshold after the constants are identified, the constant
identifying section may adjust the constants on the basis of the vibration signal detected by the vibration detecting section.
[0026] In this way, whether or not the constants are appropriate is checked after the constants are identified, and, if
they are not appropriate, the constants are adjusted until appropriate values are set; therefore, it is possible to increase
the identification precision of the constants.
[0027] In the servo control system described above, during a period in which the numerical control equipment is being
driven, the constant identifying section may compare the vibration signal detected by the vibration detecting section with
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an estimated vibration signal calculated from a model in the support-member-reaction-force compensating section and
may adjust machine constants of the transfer function provided in the support-member-reaction-force compensating
section on the basis of this comparison.
[0028] With such a configuration, because the constants are adjusted even during a period in which the numerical
control equipment is being driven, it is possible to always set the constants at appropriate values. Accordingly, it is
possible to improve the precision of positioning control of the driven section.

Advantageous Effects of Invention

[0029] With the present invention, an advantage is afforded in that precision of positioning control can be improved.

Brief Description of Drawings

[0030]

{Fig. 1} Fig. 1 is a diagram showing, in outline, the configuration of the control-target equipment of a servo control
device according to a first embodiment of the present invention.
{Fig. 2} Fig. 2 is a diagram showing a block diagram of the servo control device according to the first embodiment
of the present invention.
{Fig. 3} Fig. 3 is a diagram showing a block diagram of a velocity feedforward section shown in Fig. 2.
{Fig. 4} Fig. 4 is a diagram showing a machine system model of the control target equipment including a column.
{Fig. 5} Fig. 5 is a diagram showing components related to a column-reaction-force compensating section, extracted
from components constituting the velocity feedforward section.
{Fig. 6} Fig. 6 is a diagram showing, in outline, the configuration of a constant identifying section according to the
first embodiment of the present invention.
{Fig. 7} Fig. 7 is a diagram for explaining an impact that an impact generating section applies to a carriage.
{Fig. 8} Fig. 8 is a diagram for explaining a method of identifying the column viscosity.
{Fig. 9} Fig. 9 is a diagram showing an effect of a compensating section according to the first embodiment of the
present invention.
{Fig. 10} Fig. 10 is a diagram showing, in outline, the configuration of a constant identifying section according to a
second embodiment of the present invention.
{Fig. 11} Fig. 11 is a diagram showing, in outline, the configuration of a machine-constant adjusting section according
to a third embodiment of the present invention.
{Fig. 12} Fig. 12 is a flowchart for explaining specifics of processing executed in the machine-constant adjusting
section shown in Fig. 11.
{Fig. 13} Fig. 13 is a diagram showing, in outline, the configuration of a machine tool to which the servo control
device according to the first embodiment of the present invention is applied.

Description of Embodiments

[0031] Embodiments of a servo control device of the present invention, as applied to a machine tool (numerical control
equipment) shown in Fig. 13, will be described below.

First Embodiment

[0032] Fig. 13 is a diagram showing, in outline, the configuration of a machine tool to which a servo control device
according to a first embodiment of the present invention is applied. As shown in Fig. 13, the machine tool is provided
with a bed 1 and a table 2 that is disposed on the bed 1 and that is movable along an X-axis direction. A gate-shaped
column (support member) 3 is disposed so as to cross over the table 2. A cross rail is attached to the column 3 in a Y-
axis direction, and the movement of a carriage (driven portion) 5 on this cross rail makes the carriage 5 movable along
the Y-axis direction. The carriage 5 is provided with a ram 6 that is movable along a Z-axis direction. A machining tip
that performs cutting processing, etc. is attached to a distal end of the ram 6. The purpose of this embodiment is to
control the position of the carriage 5 so that the position of the machining tip in the Y-axis of this ram 6 matches an
instructed position θ.
[0033] Fig. 1 shows, in outline, the configuration of control-target equipment of the servo control device according to
this embodiment. As shown in Fig. 1, the control-target equipment is a ball-screw drive mechanism of the machine tool
that converts rotational movement of a motor 12 to linear movement with a ball-screw feeding section (screw feeding
section) 9 formed of a ball-screw nut 10 and a ball-screw shaft 11 and that linearly moves (moves in the Y-axis direction)
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the carriage 5, which is the load. A motor encoder 13 that detects and outputs motor velocity ωM is disposed at the motor
12. A linear scale 14 detects and outputs a load position θL which indicates the position of the carriage 5. The ball-screw
drive mechanism is configured so that, when the motor 12 is rotationally driven and the ball-screw shaft 11 is rotated,
the ball-screw nut 10 and the carriage 5, which is fixedly connected to the ball-screw nut 10, are linearly moved.
[0034] Fig. 2 is a diagram showing a block diagram of the servo control device according to this embodiment. A servo
control device 100 according to this embodiment is a device that calculates an instructed torque τ for matching the
position of the machining tip in the Y-axis direction of the ram 6, which is attached to the carriage 5, with the instructed
position θ and that outputs this instructed torque τ as an output signal to the motor 12.
[0035] As shown in Fig. 13, the carriage 5 is mounted on the column 3. When the carriage 5 moves in the Y-axis
direction or the ram 6 moves in the Z-axis direction during cutting and processing, etc., vibrations occur in the column
3, and these vibrations affect the precision of positioning control of the carriage 5 or the ram 6. The servo control device
100 according to this embodiment is provided with a machine-deflection compensating section 200 that compensates
for positioning-control errors caused by such vibrations of the column 3. Furthermore, a velocity feedforward section
201 that compensates for the positioning-error factors, such as "strain", "deflection", "viscosity", etc., associated with
the motor 12 and the carriage 5, is provided to improve the precision of the positioning control of the carriage 5. Details
of the machine-deflection compensating section 200 and the velocity feedforward section 201 will be described later.
[0036] As shown in Fig. 2, the servo control device 100 includes the machine-deflection compensating section 200,
the velocity feedforward section 201, a subtraction section 101, a multiplication section 102, a subtraction section 103,
and a proportional-integral calculation section 104.
[0037] The machine-deflection compensating section 200 compensates the instructed position θ with a transfer func-
tion, described later, and outputs a compensated instructed position θ’. The subtraction section 101 outputs a positioning
difference Δθ, which is the difference between the compensated column instructed position θ’ and the load position θL.
The multiplication section 102 multiplies the positioning difference Δθ by a positioning loop gain Kp and outputs a velocity
difference ΔV. The subtraction section 103 outputs an instructed velocity V, which is a value obtained by subtracting the
motor velocity ωM from a value obtained by adding a compensated velocity V’ output from the velocity feedforward
section 201 to the velocity difference Δθ. The proportional integral calculation section 104 proportionally integrates the
instructed velocity V and outputs the instructed torque τ. The proportional integral calculation section 104 obtains the
instructed torque τ by performing a calculation τ = VKT{Kv(1+(1/Tvs))}, using a velocity loop gain Kv, an integration time
constant Tv, and a torque constant KT.
[0038] This instructed torque τ is supplied to the control-target equipment shown in Fig. 2, and various sections are
controlled on the basis of this instructed torque τ . For example, the motor 12 is rotationally driven by supplying current
from a current controller (not shown) in accordance with the instructed torque τ . In this case, although an illustration
thereof is omitted, the current is feedback controlled so that the current is set at a current value in accordance with the
instructed torque τ. The rotational movement of the motor 12 is converted to the linear movement by the ball-screw
feeding section 9, and, as a result, the ball-screw nut 10 threaded to the ball-screw feeding section 9 is linearly moved,
the carriage 5 secured to this ball-screw nut 10 moves with the ball-screw nut 10, and the position of the machining tip
attached to the distal end of the ram 6 provided at the carriage 5 is moved to the instructed position θ.
[0039] Next, the velocity feedforward section 201 will be described. As shown in Fig. 3, the velocity feedforward section
201 is provided with a first-order-differential-term calculating section 301, a second-order-differential-term calculating
section 302, a third-order-differential-term calculating section 303, a fourth-order-differential-term calculating section
304, a multiplication section 305 that multiplies a first-order differential term by a first-order differential coefficient, a
multiplication section 306 that multiplies a second-order differential term by a second-order differential coefficient, a
multiplication section 307 that multiplies a third-order differential term by a third-order differential coefficient, a multipli-
cation section 308 that multiplies a fourth-order differential term by a fourth-order differential coefficient, an addition
section 309, a velocity loop compensating section 310, a column-reaction-force compensating section (support-member
reaction force compensating section) 311, and a subtraction section 312. In Fig. 3, s is a Laplacian operator (differential
operator) .
[0040] The above-described first-order differential coefficient to fourth-order differential coefficient are set in transfer
functions of inverse models of the torque and the velocity in machine system models. A transfer function of the above-
described velocity loop compensating section 310 is expressed as {KP/ (1+Tvs) }, using the positioning loop gain KP and
the integration time constant Tv; and a transfer function of the column-reaction-force compensating section 311 is
expressed as {(JCJL/KR)s2/(2JCs2+CCs+KC)}, using inertia JC of the column, inertia JL of the carriage and the ram, column
viscosity CC, feeding-system stiffness KR, and spring stiffness KC of the column.
[0041] At the velocity feedforward section 201, when the instructed position θ’, for which the positioning compensation
has been performed by the machine-deflection compensating section 200, is input, the first-order differential term that
has been multiplied by the first-order differential coefficient, the second-order differential term that has been multiplied
by the second-order differential coefficient, the third-order differential term that has been multiplied by the third-order
differential coefficient, and the fourth-order differential term that has been multiplied by the fourth-order differential
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coefficient are individually input to the addition section 309; these different differential coefficients are summed thereby
and supplied to the velocity loop compensating section 310. At the velocity loop compensating section 310, the positioning
compensation expressed by the above-described transfer functions is performed, and then, the result is output to the
subtraction section 312.
[0042] The third-order differential term output from the third-order-differential-term calculating section 303 is also input
to the column-reaction-force compensating section 311 and is output to the subtraction section 312, after the positioning
compensation expressed by the above-described transfer function is performed. At the subtraction section 312, the
amount of positioning compensation by the column-reaction-force compensating section 311 is subtracted from the
output from the velocity loop compensating section 310 to calculate the compensated velocity V’, and this compensated
velocity V’ is output to the subtraction section 103 in Fig. 2.
[0043] With the servo control device shown in Fig. 2, the positioning-error factors, such as "distortion", "deflection",
and "viscosity" in the motor 12 and the carriage 5, which are point masses, are compensated for by adding the com-
pensated velocity V’ to the velocity difference ΔV at the subtraction section 103. As a result, the precision of the positioning
control of the carriage 5 is improved.
[0044] Next, the machine-deflection compensating section 200 shown in Fig. 2, which is one of the main features of
this embodiment, and the column-reaction-force compensating section 311 shown in Fig. 3 will be described.
[0045] As described above, the purpose of the servo control device 100 according to this embodiment is to prevent
deterioration of the precision of the positioning control due to the vibrations of the carriage 5 caused by the vibrations
of the column 3, when the column 3 vibrates due to the movement of the carriage 5 and the ram 6.
[0046] When the column 3 vibrates, the positioning control of the carriage 5 must be performed in consideration of
the vibrations of the column 3 itself, and the positioning control of the carriage 5 must also be performed in consideration
of the vibrations of the carriage 5 and the ram 6 due to the reaction force of the vibrations of the column 3.
[0047] That is, when the column 3 and the carriage 5 both have high stiffness, the carriage 5 vibrates with the column
3 at the same amplitude and the same frequency therewith. Therefore, in this case, characteristic vibrations of the
carriage 5 need not be considered, and only the positioning errors due to the vibrations of the column 3 need to be
considered.
[0048] As opposed to this, when the stiffness of the carriage 5 is low, the carriage 5 vibrates due to the reaction force
of the column 3, and, in addition, these vibrations are not necessarily the same as the vibrations of the column 3; therefore,
the carriage 5 vibrates with a different period and phase from the column 3. In this case, not only the positioning errors
due to the vibrations of the column 3 but also positioning errors due to the characteristic vibrations of the carriage 5
caused by the reaction force of the vibrations of the column 3 need to be considered, and the positioning-control errors
involved therein need to be compensated for.
[0049] In this way, the present invention focuses on the characteristic vibrations of the carriage 5 caused by the reaction
force of the vibrations of the column 3, and one feature thereof is the compensation for the positioning errors due to
these characteristic vibrations of the carriage 5.
[0050] Accordingly, the servo control device 100 according to this embodiment includes a compensation model for
compensating for positioning errors due to not only the vibrations of the column 3 itself described above, but also the
vibrations of the carriage 5 caused by the reaction force of the vibrations of the column 3. This compensation model is
the column-reaction-force compensating section 311 shown in Fig. 3.
[0051] In this way, the servo control device 100 according to this embodiment includes two compensation models
constituted of the machine-deflection compensating section 200 that compensates for the positioning-control errors due
to the vibrations of the column 3 itself, and the column-reaction-force compensating section 311 that compensates for
the positioning errors due to the vibrations of the carriage 5 caused by the reaction force of the vibrations of the column
3. By including the two compensation models in this way, it is possible to efficiently eliminate positioning-control errors
due to the vibrations of the column, and it is possible to improve the precision of the positioning control in the Y-axis
direction of the machine tool shown in Fig. 13.
[0052] Next, derivation processes of the transfer functions of the machine-deflection compensating section 200 and
the column-reaction-force compensating section 311, described above, will be briefly described.
[0053] Fig. 4 is a diagram showing a machine system model of the control-target equipment including the column 3.
As shown in Fig. 4, in this embodiment, the machine system model is specified as a machine system model with three
point masses, wherein the motor 12, the carriage 5, which is a load, and the column 3 serve as the point masses.
[0054] As shown in Fig. 4, when properties of the motor 12 are modeled and expressed as transfer functions, they
are represented by Block 12-1 and Block 12-2. JM indicates the motor inertia and DM indicates the motor viscosity. Block
12-1 outputs the motor velocity ωM, and Block 12-2 outputs the motor position θM.
[0055] When the properties of the carriage 5, which is the load, are modeled and expressed as transfer functions,
they are represented by Block 5-1 and Block 5-2. θM, θL, CR, KR, JL, and DL indicate the motor position, the load position,
translational attenuation of the feeding system, feeding-system stiffness, carriage-ram inertia, and load viscosity (carriage
viscosity), respectively.
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[0056] Upon receiving a difference (θM-θL) between the motor position θM and the load position θL, the Block 5-1
outputs a reaction force torque. Upon receiving a value obtained by summing this reaction force torque and the reaction
force of the column vibrations, the Block 5-2 outputs the load position θL.
[0057] When properties of the column 3 are modeled and expressed as transfer functions, they are represented by
Block 3-1 and Block 3-2. JC indicates column inertia, CC indicates column viscosity, and KC indicates column stiffness.
[0058] Next, on the basis of the machine system model shown in Fig. 4, derivation methods will be described for a
transfer function of the machine-deflection compensating section 200 and a transfer function of the column-reaction-
force compensating section 311 provided in the velocity feedforward section 201, which are shown in Fig. 2.
[0059] First, in the machine system model shown in Fig. 4, motion equations for Block 101, Block 102, and Block 103
are indicated by the following expressions (1) to (3), respectively.

[0060] The following expression (4) is derived by summing the above-described expressions (2) and (3).

[0061] Since the machine tip position θ is θ=θL+θC,

[0062] From the above-described expressions (4) and (5), the following expression (6) is finally obtained.

[0063] Here, in order to match the machine tip position with the instructed position θ, the carriage position θL detected
by the linear scale (position sensor) 14 needs to be shifted in accordance with expression (6). Therefore, the machine-
deflection compensating section 200 is represented (see Fig. 2) by the following expression (7).
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[0064] Next, the transfer function of the column-reaction-force compensating section 311 in the velocity feedforward
section 201 will be described.
[0065] By determining the relationship between the detected position θL of the carriage 5 and the motor velocity θMs
from the machine system model shown in Fig. 4, the following expression (8) is derived from the above-described
expression (2).

[0066] The following expression (9) is derived from the above-described expressions (3) and (8).

[0067] Furthermore, 

[0068] Rearranging these, 

[0069] Therefore, the following expression (10) is obtained.
[0070] {Eq. 1} 

[0071] Here, in order to extract only the column-reaction-force compensation, by subtracting the following expression
(11), which corresponds to compensation in a two-mass system in the above-described expression (2), from the above



EP 2 447 801 B1

9

5

10

15

20

25

30

35

40

45

50

55

described expression (10), expression (12) is obtained.

[0072] {Eq. 2} 

[0073] In order to obtain the motor velocity, both sides are multiplied by the Laplacian coefficient, and expression (13)
is obtained.
[0074] {Eq. 3} 

[0075] Then, the above-described expression (13) is applied to the block diagram of the column-reaction-force com-
pensating section 311 shown in Fig. 3, that is, the block diagram shown in Fig. 5, and the transfer function of the column-
reaction-force compensating section is obtained as the following expression (14) .
[0076] {Eq. 4} 

[0077] Next, identification methods of machine constants used in the transfer function of the above-described machine-
deflection compensating section 200 and the transfer function of the column-reaction-force compensating section 311
in the velocity feedforward section 201 will be described.
[0078] First, as shown in the above-described expression (7), the transfer function G1(s) of the machine-deflection
compensating section 200 and the transfer function G2(s) of the column-reaction-force compensating section 311 in the
velocity feedforward section 201 include six machine constants, the column inertia JC, the column viscosity CC, the
column stiffness KC, the carriage-ram inertia JL, the load viscosity DL, and the feeding-system stiffness KR. Among these,
the column inertia JC, the column viscosity CC, the column stiffness KC, and the feeding-system stiffness KR are variable
constants, and it is desirable that identification methods for these be simple.
[0079] Additionally, among these four machine constants, the column inertia JC can be estimated because the machine
weight of each section is known, and identification thereof is not necessary. The feeding-system stiffness KR can also
be estimated from a theoretical value of the ball-screw stiffness, and identification thereof is not necessary.
[0080] Therefore, by determining the remaining column viscosity CC and the column stiffness KC by performing iden-
tification thereof, all of machine constants for the individual compensating sections can be determined.
[0081] Identification methods for the above-described column viscosity CC and the column stiffness KC will be described
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below.
[0082] In this embodiment, an impact is applied to the column 3, and the column viscosity CC and the column stiffness
KC are identified from response vibrations to this impact.
[0083] The identification of the column stiffness KC is performed on the basis of a resonance frequency of vibrations
generated at the carriage 5 when the impact is applied to the column 3.
[0084] Accordingly, derivation of a computational expression for calculating the column stiffness KC from the resonance
frequency will be described first.
[0085] In the machine system model shown in Fig. 4, a calculation expression for the column stiffness KC can be
obtained from the following expressions (15) and (16), which are the above-described expressions (2) and (3) in which
θM is set to zero. It is assumed that the motor 12 does not move due to the reaction force of the column 3 while resonating.

[0086] From expression (15), 

[0087] From expressions (16) and (17),

[0088] At this time, by keeping only terms that are not related to the resonance frequency (CC is not related to the
resonance), and by setting s to jω, the following expression (19) is obtained.

[0089] By solving the above-described expression (19) and, additionally, by rearranging it to an expression regarding
the column stiffness KC, the following expression (20) is obtained.

[0090] By expressing the above-described expression (20) in terms of the resonance frequency q, the following ex-
pression (21) is obtained. 
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[0091] In the above-described expression (21), KR is the feeding-system stiffness, JL is the carriage inertia, JC is the
column inertia, and the q is the column resonance frequency; among these, the column inertia JC, the carriage inertia
JL, and the feeding-system stiffness KR are known. Therefore, by detecting the column resonance frequency, the column
stiffness KC can be identified in accordance with the above-described expression (21).
[0092] Next, the procedure for actually identifying the column stiffness KC using the above-described expression (21)
will be described.
[0093] Fig. 6 is a diagram showing, in outline, the configuration of the constant identifying section 50. As shown in
Fig. 6, the constant identifying section 50 is provided with an impact generating section 51, an acceleration sensor
(vibration detection section) 52, a column-stiffness identifying section (support-member-stiffness-term identifying section)
53, a column-viscosity identifying section (support-member-viscosity-term identifying section) 54, and a machine-con-
stant setting section 55.
[0094] The impact generating section 51, for example, applies a predetermined impact in the Y-axis direction to the
carriage 5. The predetermined impact is, for example, an impact like a step response. In this embodiment, as shown in
Fig. 7, by moving the carriage 5 and the ram 6 on the Y-Z plane so as to draw a substantially rectangular shape, the
impact in the Y-axis direction is applied to the carriage 5.
[0095] In the rectangular shape shown in Fig. 7, each corner portion is set to be an arc having a predetermined
curvature. The impact generating section 52 has a substantially rectangular movement track on the Y-Z plane as shown
in Fig. 7, and, by giving the servo control device 100 shown in Fig. 2 a positioning command in accordance with this
movement track, the motor 12 is rotationally driven, and the carriage 5 is moved along the movement track shown in
Fig. 7. An allowable acceleration of the moving velocity of the carriage 5 during this time is preferably set to 0.2 G or
above. In this embodiment, the carriage 5 is moved at a velocity of 4600 mm/min and an impact whose acceleration is
between 0.2 G and 0 G is generated at a transition from an arc with a 3-mm radius to a linear section.
[0096] In the servo control for identifying the machine constants, the machine-deflection compensating section 200
and the column-reaction-force compensating section 311 in the servo control device 100 are set to the off state so that
the machine-deflection compensation, the column-reaction-force compensation, etc. are not performed.
[0097] The acceleration sensor 52 is mounted on the column 3 or the carriage 5, detects the vibrations of the carriage
5 due to the impact applied to the carriage 5 by the impact generating section 51, and outputs this detected signal to
the column-stiffness identifying section 53 and the column-viscosity identifying section 54.
[0098] When the impact is applied to the carriage 5 by the impact generating section 51, the column-stiffness identifying
section 53 determines the column resonance frequency q from the detected signal acquired by the acceleration sensor
52 and identifies the column stiffness KC by substituting it into the above-described expression (21).
[0099] When the impact is applied to the carriage 5 by the impact generating section 51, the column-viscosity identifying
section 54 determines an attenuation rate of the vibrations from the detected signal acquired by the acceleration sensor
52 and identifies the column viscosity CC on the basis of this attenuation rate. An identification method of the column
viscosity CC will be described below using Fig. 8.
[0100] When attenuating vibrations as shown in Fig. 8 are obtained, amplitudes P1, P2, P3... of the vibrations are
individually measured. Subsequently, an average δ of logarithmic decrements is calculated from these amplitudes P1,
P2, P3... For example, when four waves are taken as referents, an average of LN (P1/P2), LN(P2/P3), and LN(P3/P4)
is calculated and the average δ of the logarithmic decrements is determined. Then, the column viscosity CC is calculated
from the following expression using the logarithmic decrement δ, the column inertia JC, and the column stiffness KC
identified by the above-described column-stiffness identifying section 53.

[0101] The machine-constant setting section 55 sets the column stiffness KC identified by the column-stiffness iden-
tifying section 53 and the column viscosity CC identified by the column-viscosity identifying section 54 in the machine-
deflection compensating section 200 and the column-reaction-force compensating section 311 in the velocity feedforward
section 201. The machine-constant setting section 55 which holds a table in which machine states, such as a W-axis
position, attachment, etc., and the machine constants other than the above-described column stiffness KC and the
column viscosity CC are associated with each other, reads out machine constants corresponding to machine states at
a given time, and sets the individual read-out machine constants in the machine-deflection compensation section 200
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and the column-reaction-force compensating section 311 in the velocity feedforward section 201.
[0102] Then, once all of the machine constants of the machine-deflection compensating section 200 and the column-
reaction-force compensating section 311 in the velocity feedforward section 201 are set in this way, the servo control
device 100 activates the machine-deflection compensating section 200 and the column-reaction-force compensating
section 311 and performs positioning control using these compensation models.
[0103] As has been described above, with the servo control device according to this embodiment, not only the machine-
deflection compensating section 200 that performs compensation for positioning-control errors due to the vibrations of
the column 3, but also the column-reaction-force compensating section 311 that performs compensation for positioning-
control errors due to vibrations of the carriage 5 caused by the reaction force of the column 3 is provided; therefore, the
vibrations of the carriage 5 due to the reaction force of the column 3 can be compensated for, and positioning control
of the carriage 5 can be performed at a high precision even when the column 3 is vibrating.
[0104] Fig. 9 is a graph showing precision of positioning control before performing compensation by the machine-
deflection compensating section 200 and the column-reaction-force compensating section 311 and precision after per-
forming the compensation. In Fig. 9, the vertical axis is the position of the ram tip in the Y-axis direction.
[0105] In this test, a jig (angle plate) having a thickness of 500 mm was disposed on a top surface of a table shown
in Fig. 13, and a grid scale was disposed on the jig. In this state, the motor 12 was rotationally driven by giving the servo
control device 100 shown in Fig. 2 positioning commands in accordance with the substantially rectangular movement
track on the Y-Z plane as shown in Fig. 7, and the carriage 5 and the ram 6 were moved along the movement track
shown in Fig. 7. In this test, the carriage 5 and the ram 6 were moved at a velocity of 4600 mm/min. Fig. 9 shows the
ram tip position measured with the grid scale in such a test. Fig. 9 is a diagram showing a section of waveforms for
motion of the ram tip until it stops after moving along the Y-axis and drawing an arc, wherein a position Y = -103 is the
stop position (reference position). It is clear from Fig. 9 that, by performing the compensation, the vibrations of the
carriage 5 and the ram 6 are effectively suppressed and the precision of the positioning control is improved.

Second Embodiment

[0106] As described above, even when constants of the machine-deflection compensating section 200 and the column-
reaction-force compensating section 311 are set by the constant identifying section 50, it is conceivable that the set
constants are not appropriate, that the carriage 5 still vibrates even when these compensating sections are activated,
and that the precision of the positioning control is deteriorated.
[0107] Therefore, in a servo control device according to a second embodiment, in order to check whether or not the
constants that have already been set are appropriate, an impact in the Y-axis direction is applied to the carriage 5 by
the impact generating section 51 in a state in which the machine-deflection compensating section 200 and the column-
reaction-force compensating section 311 are activated, and the vibration conditions of the carriage 5 at this time are
checked using a detected signal from the acceleration section 52. When amplitudes of the vibrations in the detected
signal from the acceleration section 52, in this case, exceed a predetermined threshold, the machine constants that
have already been set are adjusted. Accordingly, as shown in Fig. 10, a constant identifying section 50’ of the servo
control device according to the second embodiment is additionally provided with a vibration determining section 56 and
a constant adjusting section 57.
[0108] When the vibration determining section 56 determines that the amplitudes of the vibrations of the carriage 5
based on the detected signal from the acceleration sensor 52 exceed the predetermined threshold, the constant adjusting
section 57 adjusts the machine constants that have already been set by the machine-constant setting section 55.
Specifically, when vibrations immediately after an impact is applied are relatively large, the constant adjusting section
57 applies changes in a direction that increases the column viscosity CC, and, when the vibrations become relatively
large some time after the impact is applied, the machine constants are adjusted by changing a compensation frequency.
Then, when the machine constants are changed, the adjustment of the machine constants is repeated by performing
the same procedure again until it is determined by the vibration determining section 56 that the amplitudes of the vibrations
of the carriage 5 are at or below the predetermined threshold.
[0109] In this way, the servo control device according to this embodiment possesses means to check whether or not
the machine constants that have already been set are appropriate, and the adjustment of the machine constants is
repeated until a determination result that the machine constants are appropriate is obtained; therefore, the precision of
positioning control of the carriage 5 can be improved.
[0110] In this embodiment, it is necessary to mount the acceleration sensor 52 on the carriage 5. This is because the
column 3 still vibrates, although the precision of positioning control of the carriage 5 is improved by activating the machine-
deflection compensating section 200 and the column-reaction-force compensating section 311. Therefore, if the accel-
eration sensor 52 is attached to the column 3, effects of the positioning compensation by the machine-deflection com-
pensating section 200 and the column-reaction-force compensating section 311 cannot be checked, and thus, it is also
not possible to determine whether or not the machine constants are appropriate.
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Third Embodiment

[0111] In the first embodiment and the second embodiment described above, the carriage 5 is intentionally vibrated
by applying an external impact thereto, and the machine constants are identified on the basis of the conditions of these
vibrations.
[0112] As opposed to this, this embodiment assumes a state in which the machine constants have already been set,
and the machine constants are gradually adjusted when the precision of positioning control is deteriorating in a state in
which positioning control by the servo control device is being performed, in other words, in a state in which the machine
tool is being driven.
[0113] Specifically, the servo control device according to this embodiment is provided with a machine-constant adjusting
section 60. As shown in Fig. 11, the machine-constant adjusting section 60 is provided with a column resonance model
61 to which the instructed position θ is input, a bandpass filter 62 that filters the instructed position θ that has been
compensated for by the column resonance model 61, a bandpass filter 63 that filters a signal from the acceleration
sensor 52, an adjusting section 64 that compares the signals that have passed through the bandpass filters 62 and 63
and that adjusts the machine constants until a difference therebetween is eliminated.
[0114] With such a machine-constant adjusting section 60, upon receiving the instructed position θ (Step SA1 in Fig.
12), the instructed position θ is filtered by the bandpass filter 62 after passing through the column resonance model 61
and is output to the adjusting section 64 (Step SA2 in Fig. 12). On the other hand, the detected signal of vibrations from
the acceleration sensor 52 is output to the adjusting section 64 after passing through the bandpass filter 63. At the
adjusting section 64, a frequency of the signal from the column resonance model 61 side and a frequency of the signal
from the acceleration sensor 52 side are compared (Step SA3 in Fig. 12).
[0115] As a result, when the frequency of the signal from the column resonance model 61 side is larger than the
frequency of the signal from the acceleration sensor 52 side, the adjusting section 64 decreases the column stiffness
KC by a predetermined amount. On the other hand, when the frequency of the signal from the column resonance model
61 side is smaller than the frequency of the signal from the acceleration sensor 52 side, the adjustment 64 increases
the column stiffness KC by a predetermined amount (Step SA4 in Fig. 12) . The adjusting section 64 repeats the adjustment
of the column stiffness KC as described above until it is determined that the two frequencies match each other or a
difference between the two frequencies is within a predetermined threshold (Step SA5 in Fig. 12) .
[0116] Next, when it is determined that the two frequencies match each other, the amplitudes of the two are subsequently
compared at the adjusting section 64 (Step SA6 in Fig. 12). As a result, when the amplitudes of the signal from the
column resonance model 61 are larger than the amplitudes of the signal from the acceleration sensor 52, the adjusting
section 64 increases the column viscosity CC by a predetermined amount. On the other hand, when the amplitudes of
the signal from the column resonance model 61 are smaller than the amplitudes of the signal from the acceleration
sensor 52, the adjusting section 64 decreases the column viscosity CC by a predetermined amount (Step SA7 in Fig.
12) . The adjusting section 64 repeats the adjustment of the column viscosity CC as described above until it is determined
that the two amplitudes match each other or a difference between the two amplitudes is within a predetermined threshold
(Step SA8 in Fig. 12).
[0117] Then, when it is determined that the two amplitudes match each other, the processing returns to Step SA1 and
the above-described processing is repeated.
[0118] As has been described above, with the servo control device according to this embodiment, whether or not the
machine constants in the machine-deflection compensating section 200 and the column-reaction-force compensating
section 311 are set to appropriate values is checked at certain time intervals even during a normal driving state, and, if
not appropriate, adjustments to appropriate values are performed; therefore, it is possible to constantly maintain the
precision of positioning control of the carriage 5 at or above a predetermined precision.

Reference Signs List

[0119]

3 column

5 carriage

6 ram

9 ball-screw feeding section

10 ball-screw nut
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11 ball-screw shaft

12 motor

13 motor encoder

14 linear scale

50, 50’ constant identifying section

51 impact generating section

52 acceleration sensor

53 column-stiffness identifying section

54 column-viscosity identifying section

55 machine-constant setting section

56 vibration determining section

57 constant adjusting section

60 machine-constant adjusting section

61 column resonance model

62, 63 bandpass filter

64 adjusting section

100 servo control device

200 machine-deflection compensating section

201 velocity feedforward section

311 column-reaction-force compensating section

Claims

1. A servo control device (100) that is applied to a numerical control equipment provided with a screw-feeding section
(9) that converts rotational movement of a motor (12) to linear movement, a driven section (5) that is linearly moved
by the screw-feeding section (9), and a support member (3) by which the screw-feeding section (9) and the driven
section (5) are supported; and that is configured to control the motor (12) so as to match a position of the driven
section (5) to an instructed position (θ), comprising:

a machine-deflection compensating section (200), to which the instructed position (θ) is input as input information,
and which is configured to compensate for positioning-control errors caused by vibrations of the support member
(3), and to output a compensated instructed position (θ’); and
a velocity feedforward section (201), to which the compensated instructed position (θ’) is input;
wherein the velocity feedforward section (201) includes a support-member-reaction-force compensating section
(311) that is configured to compensate for vibrations of the driven section (5) due to vibrational reaction force
of the support member (3),
and wherein a differential value of the compensated instructed position (θ’), as input information, is input to a
transfer function, which is provided in the support-member-reaction-force compensating section (311) and in-
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cludes coefficients based on an inertia term (JC) for the support member, an inertia term (JL) for the driven
section, a stiffness term (Kc) for the support member and a stiffness term (KR) for the driven section.

2. The servo control device according to claim 1, further comprising an instructed velocity calculation section (103)
that is configured to calculate an instructed velocity (V), which is a value obtained by: a velocity difference (ΔV)
based on a difference between the compensated instructed position (θ’) output from the machine-deflection com-
pensating section (200) and a load position (θL); an output (V’) from the velocity feedforward section (201) ; and a
velocity (ωM) of the motor (12).

3. The servo control device according to claim 1 or 2, configured to identify the stiffness term (Kc) of the support member
(3) on the basis of a vibration resonance frequency of vibrations generated when an impact is applied to the support
member (3) or the driven section (5).

4. The servo control device according to claim 3, comprising a constant identifying section (50) that is configured to
identify the stiffness term (Kc) for the support member (3),
wherein the constant identifying section (50) includes:

an impact generating section (51) that is configured to vibrate the driven section (5) by applying an impact to
the driven section (5);
a vibration detecting section (52) that is configured to detect the vibrations of the driven section (5) or the support
member (3) when the impact is applied thereto; and
a support-member-stiffness-term identifying section (53) that is configured to calculate a resonance frequency
of the driven section (5) from a vibration signal detected by the vibration detecting section (52) and to identify
the stiffness term (Kc) for the support member (3) from this resonance frequency.

5. The servo control device according to claim 1 or 2, wherein the transfer function provided in the support-member-
reaction-force compensating section (311) includes a coefficient based on a viscosity term (Cc) for the support
member (3) ; and configured to identify the viscosity term (Cc) of the support member (3) on the basis of attenuation
of the vibrations generated when the support member (3) or the driven section(5) is vibrated by applying an impact
thereto.

6. The servo control device according to claim 5 comprising a constant identifying section (50) that is configured to
identify the viscosity term (Cc) for the support-member-reaction-force compensating section (311),
wherein the constant identifying section (50) includes:

an impact generating section (51) that is configured to vibrate the driven section (5) by applying an impact to
the driven section (5);
a vibration detecting section(52) that is configured to detect the vibrations of the driven section (5) or the support
member (3) when the impact is applied thereto; and
a support-member-viscosity-term identifying section (54) that is configured to calculate an attenuation rate of
the vibrations of the driven section (5) from a vibration signal detected by the vibration detecting section (52)
and to identify the viscosity term (Cc) for the support member (3) from the attenuation rate of the vibrations.

7. The servo control device according to claim 4 or 6, wherein the impact generating section (51) is configured to
vibrate the driven section (5) by moving the driven section with a predetermined acceleration or above.

8. The servo control device according to claim 4, wherein, when amplitudes of the vibrations of the driven section (5)
detected by the vibration detecting section (52) exceed a predetermined threshold after the stiffness term (Kc) for
the support member (3) is identified, the constant identifying section (50) is configured to adjust the stiffness term
(Kc) for the support member (3) on the basis of the vibration signal detected by the vibration detecting section (52).

9. The servo control device according to claim 4, wherein, during a period in which the numerical control equipment
is being driven, the constant identifying section (50) is configured to compare the vibration signal detected by the
vibration detecting section (52) with an estimated vibration signal calculated from a model (61) in the support-
member-reaction-force compensating section (311) and to adjust the stiffness term (Kc) for the support member (3)
on the basis of this comparison.

10. The servo control device according to claim 6, wherein, when amplitudes of the vibrations of the driven section (5)



EP 2 447 801 B1

16

5

10

15

20

25

30

35

40

45

50

55

detected by the vibration detecting section (52) exceed a predetermined threshold after the viscosity term (Cc) for
the support member (3) is identified, the constant identifying section (50) is configured to adjust the viscosity term
(Cc) for the support member (3) on the basis of the vibration signal detected by the vibration detecting section (52).

11. The servo control device according to claim 6, wherein, during a period in which the numerical control equipment
is being driven, the constant identifying section (50) is configured to compare the vibration signal detected by the
vibration detecting section (52) with an estimated vibration signal calculated from a model (61) in the support-
member-reaction-force compensating section (311) and to adjust the viscosity term (Cc) for the support member
(3) on the basis of this comparison.

Patentansprüche

1. Servosteuerung (100), die bei einem numerisch gesteuerten Gerät zur Anwendung kommt, das mit einem eine
rotatorische Bewegung eines Elektromotors (12) in eine lineare Bewegung übersetzenden Spindelzufuhr-Abschnitt
(9) versehen ist, einem von dem Spindelvorschub-Abschnitt (9) linear bewegten angetriebenen Abschnitt (5) und
einem Tragelement (3), auf dem der Spindelzufuhr-Abschnitt (9) und der angetriebene Abschnitt (5) gelagert sind;
und die derart zum Steuern des Motors (12) ausgestaltet ist, dass eine Position des angetriebenen Abschnitts (5)
mit einer befohlenen Position (θ) übereinstimmt, umfassend:

- einen Maschinenauslenk-Kompensationsabschnitt (200), in den die befohlene Position (θ) als Eingabeinfor-
mation eingegeben ist, und der ausgestaltet ist, um die durch Vibrationen des Tragelements (3) verursachten
Fehler in der Positionssteuerung zu kompensieren und um eine kompensierte befohlene Position (θ’) auszu-
geben; und
- einen Geschwindigkeits-Vorschubabschnitt (201), an den die befohlene Kompensationsposition (θ’) eingege-
ben ist;

wobei der Geschwindigkeits-Vorschubabschnitt (201) einen Abschnitt (311) zum Kompensieren der Reaktionskraft
des Tragelements einschließt, der zum Kompensieren der Vibrationen des angetriebenen Abschnitts (5) infolge der
Vibrationsreaktionskraft des Tragelements (3) ausgestaltet ist,
und wobei ein Differenzialwert der kompensierten befohlenen Position (θ’) als Eingabeinformation in eine Übertra-
gungsfunktion eingegeben ist, die im Abschnitt (311) zum Kompensieren der Reaktionskraft des Tragelements
vorgesehen ist und Koeffizienten umfasst, die auf einem Trägheitsterm (JC) für das Tragelement, einem Trägheits-
term (JL) für den angetriebenen Abschnitt, einem Steifigkeitsterm (KC) für das Tragelement und einem Steifigkeits-
term (KR) für den angetriebenen Abschnitt beruhen.

2. Servosteuerung nach Anspruch 1, weiterhin umfassend: einen Berechnungsabschnitt (103) für die befohlene Ge-
schwindigkeit, der ausgestaltet ist, um eine befohlene Geschwindigkeit (V) zu berechnen, deren Wert erhalten wird
durch: eine Geschwindigkeitsdifferenz (ΔV), die auf einer Differenz zwischen der Ausgabe der kompensierte be-
fohlenen Position (θ’) aus dem Maschinenauslenk-Kompensationsabschnitt (200) und einer Lastposition (θL) beruht;
eine Ausgabe (V’) aus dem Geschwindigkeits-Vorschubabschnitt (201) und einer Drehgeschwindigkeit (ωM) des
Motors (12).

3. Servosteuerung nach Anspruch 1 oder 2, die ausgestaltet ist, um den Steifigkeitsterm (KC) des Tragelements (3)
aufgrund einer Vibrationsresonanzfrequenz der Vibrationen zu bestimmen, die erzeugt werden, wenn das Trage-
lement (3) oder der angetriebene Abschnitt (5) durch einen Stoß beaufschlagt werden.

4. Servosteuerung nach Anspruch 3, die einen konstanten Identifikationsabschnitt (50) umfasst, der ausgestaltet ist,
um den Steifigkeitsterm (KC) für das Tragelement (3) zu bestimmen,
wobei der konstante Identifikationsabschnitt (50) einschließt:

- einen Stoß erzeugenden Abschnitt (51), der ausgestaltet ist, um den angetriebenen Abschnitt (5) zum Vibrieren
zu bringen, indem der angetriebene Abschnitt (5) mit einem Stoß beaufschlagt wird;
- einen Vibrationsdetektions-Abschnitt (52), der ausgestaltet ist, um die Vibrationen des angetriebenen Ab-
schnitts (5) oder des Tragelements (3) zu detektieren, wenn diese mit einem Stoß beaufschlagt werden; und
- einen Identifikationsabschnitt (53) für den Steifigkeitsterm des Tragelements, der ausgestaltet ist, um eine
Resonanzfrequenz des angetriebenen Abschnitts (5) aus einem Vibrationssignal zu berechnen, das durch den
Vibrations-Detektionsabschnitt (52) detektiert wird und den Steifigkeitsterm (KC) für das Tragelement (3) aus
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dieser Resonanzfrequenz zu bestimmen.

5. Servosteuerung nach Anspruch 1 oder 2, wobei die in dem Abschnitt (311) zum Kompensieren der Reaktionskraft
des Tragelements vorgesehene Übertragungsfunktion einen auf dem Viskositätsterm (CC) für das Tragelement (3)
basierenden Koeffizienten einschließt, und ausgestaltet ist, um den Viskositätsterm (CC) des Tragelements (3)
aufgrund der durch das Tragelement (3) erzeugten Vibrationsdämpfung zu identifizieren, wenn das Tragelement
(3) oder der angetriebene Abschnitt (5) durch Stoßbeaufschlagung zum Vibrieren gebracht wird.

6. Servosteuerung nach Anspruch 5, die einen konstanten Identifikationsabschnitt (50) umfasst, der ausgestaltet ist,
um einen Viskositätsterm (CC) für den Abschnitt (311) zum Kompensieren der Reaktionskraft des Tragelements zu
bestimmen,
wobei der konstante Identifikationsabschnitt (50) einschließt:

- einen Stoß erzeugenden Abschnitt (51), der ausgestaltet ist, um den angetriebenen Abschnitt (5) zum Vibrieren
zu bringen, indem der angetriebene Abschnitt (5) mit einem Stoß beaufschlagt wird;
- einen Vibrationsdetektions-Abschnitt (52), der ausgestaltet ist, um die Vibrationen des angetriebenen Ab-
schnitts (5) oder des Tragelements (3) zu detektieren, wenn diese mit einem Stoß beaufschlagt werden; und
- einen Identifikationsabschnitt (54) für den Viskositätsterm des Tragelements, der ausgestaltet ist, um eine
Vibrationsdämpfungsrate für den angetriebenen Abschnitt (5) aus einem Vibrationssignal zu berechnen, das
durch den Vibrationsdetektions-Abschnitt (52) detektiert wird, und den Viskositätsterm (CC) für das Tragelement
(3) aus der Vibrationsdämpfungsrate zu bestimmen.

7. Servosteuerung nach Anspruch 4 oder 6, wobei der einen Stoß erzeugende Abschnitt (51) ausgestaltet ist, um den
angetriebenen Abschnitt (5) zum Vibrieren zu bringen, indem der angetriebene Abschnitt mit einer vorgegebenen
Beschleunigung bewegt wird oder wie oben beschrieben.

8. Servosteuerung nach Anspruch 4, wobei, wenn die durch den Vibrationsdetektions-Abschnitt (52) detektierten
Schwingungsamplituden des angetriebenen Abschnitts (5) einen vorgegebenen Schwellenwert nach der Steifig-
keitsterms (KC) für das Tragelement (3) überschreiten, der konstante Identifikationsabschnitt (50) ausgestaltet ist,
um den Steifigkeitsterm (KC) für das Tragelement (3) aufgrund des durch den Vibrationsdetektions-Abschnitt (52)
detektierten Vibrationssignals anzupassen.

9. Servosteuerung nach Anspruch 4, wobei, in einem Zeitraum, in dem das numerisch gesteuerte Gerät angetrieben
wird, der konstante Identifikationsabschnitt (50) ausgestaltet ist, um das von dem Vibrationsdetektions-Abschnitt
(52) detektierte Vibrationssignal mit einem geschätzten Vibrationssignal zu vergleichen, wobei letzteres anhand
eines Modells (61) in dem Abschnitt (311) zum Kompensieren der Reaktionskraft des Tragelements berechnet wird,
und um den Steifigkeitsterm (KC) für das Tragelement (3) auf dieser Vergleichsbasis anzupassen.

10. Servosteuerung nach Anspruch 6, wobei, wenn die durch den Vibrationsdetektions-Abschnitt (52) detektierten
Schwingungsamplituden des angetriebenen Abschnitts (5) einen vorgegebenen Schwellenwert nach Identifikation
des Viskositätsterms (CC) für das Tragelement (3) überschreiten, der konstante Identifikationsabschnitt (50) aus-
gestaltet ist, um den Viskositätsterms (CC) für das Tragelement (3) aufgrund des durch den Vibrationsdetektions-
Abschnitt (52) detektierten Vibrationssignals anzupassen.

11. Servosteuerung nach Anspruch 6, wobei, in einem Zeitraum, in dem das numerisch gesteuerte Gerät angetrieben
wird, der konstante Identifikationsabschnitt (50) ausgestaltet ist, um das von dem Vibrationsdetektions-Abschnitt
(52) detektierte Vibrationssignal mit einem geschätzten Vibrationssignal zu vergleichen, wobei letzteres anhand
eines Modells (61) in dem Abschnitt (311) zum Kompensieren der Reaktionskraft des Tragelements berechnet wird,
und um den Viskositätsterm (CC) für das Tragelement (3) auf dieser Vergleichsbasis anzupassen.

Revendications

1. Dispositif d’asservissement (100) qui est appliqué à un équipement de commande numérique pourvu d’une section
d’avance à vis (9) qui convertit un mouvement de rotation d’un moteur (12) en un mouvement linéaire, d’une section
entraînée (5) qui est déplacée linéairement par la section d’avance à vis (9), et d’un élément de support (3) par
lequel la section d’avance à vis (9) et la section entraînée (5) sont supportées ; et qui est configuré pour commander
le moteur (12) de manière à mettre en correspondance une position de la section entraînée (5) et une position
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commandée (θ) comprenant :

une section de compensation de déflexion de machine (200), à laquelle la position commandée (θ) est appliquée
en tant qu’informations d’entrée, et qui est configurée pour compenser les erreurs de commande de position-
nement provoquées par des vibrations de l’élément de support (3), et pour délivrer une position commandée
compensée (θ’) ; et
une section d’anticipation de vitesse (201), à laquelle la position commandée compensée (θ’) est appliquée ;
dans lequel la section d’anticipation de vitesse (201) comprend une section de compensation de force de
réaction d’élément de support (311) qui est configurée pour compenser les vibrations de la section entraînée
(5) dues à une force de réaction vibratoire de l’élément de support (3),
et dans lequel une valeur différentielle de la position commandée compensée (θ’), en tant qu’informations
d’entrée, est appliquée à une fonction de transfert, qui est prévue dans la section de compensation de force
de réaction d’élément de support (311) et qui comprend des coefficients basés sur un terme d’inertie (JC) pour
l’élément de support, un terme d’inertie (JL) pour la section entraînée, un terme de rigidité (KC) pour l’élément
de support et un terme de rigidité (KR) pour la section entraînée.

2. Dispositif d’asservissement selon la revendication 1, comprenant en outre une section de calcul de vitesse com-
mandée (103) qui est configurée pour calculer une vitesse commandée (V), qui est une valeur obtenue par : une
différence de vitesse (ΔV) basée sur une différence entre la position commandée compensée (θ’) sortie de la section
de compensation de déflexion de machine (200) et une position de charge (θL) ; une sortie (V’) de la section
d’anticipation de vitesse (201) ; et une vitesse (ωM) du moteur (12).

3. Dispositif d’asservissement selon la revendication 1 ou 2, configuré pour identifier le terme de rigidité (KC) de
l’élément de support (3) sur la base d’une fréquence de résonance de vibration des vibrations générées lorsqu’un
impact est appliqué à l’élément de support (3) ou à la section entraînée (5).

4. Dispositif d’asservissement selon la revendication 3, comprenant une section d’identification de constante (50) qui
est configurée pour identifier le terme de rigidité (KC) pour l’élément de support (3),
dans lequel la section d’identification de constante (50) comprend :

une section de génération d’impact (51) qui est configurée pour faire vibrer la section entraînée (5) en appliquant
un impact à la section entraînée (5) ;
une section de détection de vibration (52) qui est configurée pour détecter les vibrations de la section entraînée
(5) ou de l’élément de support (3) lorsque l’impact est appliqué à celui-ci ; et
une section d’identification de terme de rigidité d’élément de support (53) qui est configurée pour calculer une
fréquence de résonance de la section entraînée (5) à partir d’un signal de vibration détecté par la section de
détection de vibration (52) et pour identifier le terme de rigidité (KC) pour l’élément de support (3) à partir de
cette fréquence de résonance.

5. Dispositif d’asservissement selon la revendication 1 ou 2, dans lequel la fonction de transfert prévue dans la section
de compensation de force de réaction d’élément de support (311) comprend un coefficient basé sur un terme de
viscosité (CC) pour l’élément de support (3) ; et configuré pour identifier le terme de viscosité (CC) de l’élément de
support (3) sur la base d’une atténuation des vibrations générées lorsque l’élément de support (3) ou la section
entraînée (5) est mis en vibration en appliquant un impact à celui-ci.

6. Dispositif d’asservissement selon la revendication 5, comprenant une section d’identification de constante (50) qui
est configurée pour identifier le terme de viscosité (CC) pour la section de compensation de force de réaction
d’élément de support (311),
dans lequel la section d’identification de constante (50) comprend :

une section de génération d’impact (51) qui est configurée pour faire vibrer la section entraînée (5) en appliquant
un impact à la section entraînée (5) ;
une section de détection de vibration (52) qui est configurée pour détecter les vibrations de la section entraînée
(5) ou de l’élément de support (3) lorsque l’impact est appliqué à celui-ci ; et
une section d’identification de terme de viscosité d’élément de support (54) qui est configurée pour calculer
une vitesse d’atténuation des vibrations de la section entraînée (5) à partir d’un signal de vibration détecté par
la section de détection de vibration (52) et pour identifier le terme de viscosité (CC) pour l’élément de support
(3) à partir de la vitesse d’atténuation des vibrations.
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7. Dispositif d’asservissement selon la revendication 4 ou 6, dans lequel la section de génération d’impact (51) est
configurée pour faire vibrer la section entraînée (5) en déplaçant la section entraînée avec une accélération prédé-
terminée ou plus élevée.

8. Dispositif d’asservissement selon la revendication 4, dans lequel, lorsque les amplitudes des vibrations de la section
entraînée (5) détectées par la section de détection de vibration (52) dépassent un seuil prédéterminé après que le
terme de rigidité (KC) pour l’élément de support (3) a été identifié, la section d’identification de constante (50) est
configurée pour ajuster le terme de rigidité (KC) pour l’élément de support (3) sur la base du signal de vibration
détecté par la section de détection de vibration (52).

9. Dispositif d’asservissement selon la revendication 4, dans lequel, pendant une période au cours de laquelle l’équi-
pement de commande numérique est entraîné, la section d’identification de constante (50) est configurée pour
comparer le signal de vibration détecté par la section de détection de vibration (52) avec un signal de vibration
estimé calculé à partir d’un modèle (61) dans la section de compensation de force de réaction d’élément de support
(311) et pour ajuster le terme de rigidité (KC) pour l’élément de support (3) sur la base de cette comparaison.

10. Dispositif d’asservissement selon la revendication 6, dans lequel, lorsque les amplitudes des vibrations de la section
entraînée (5) détectées par la section de détection de vibration (52) dépassent un seuil prédéterminé après que le
terme de viscosité (CC) pour l’élément de support (3) a été identifié, la section d’identification de constante (50) est
configurée pour ajuster le terme de viscosité (CC) pour l’élément de support (3) sur la base du signal de vibration
détecté par la section de détection de vibration (52).

11. Dispositif d’asservissement selon la revendication 6, dans lequel, pendant une période au cours de laquelle l’équi-
pement de commande numérique est entraîné, la section d’identification de constante (50) est configurée pour
comparer le signal de vibration détecté par la section de détection de vibration (52) avec un signal de vibration
estimé calculé à partir d’un modèle (61) dans la section de compensation de force de réaction d’élément de support
(311) et pour ajuster le terme de viscosité (CC) pour l’élément de support (3) sur la base de cette comparaison.
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