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(54) CONTROL PROGRAM, CONTROL METHOD, AND CONTROL DEVICE

(57) A control device including a simulation unit con-
figured to simulate behaviors of a virtual mechanical sys-
tem, and a drive control unit configured to control driving
of a plurality of servomotors based on the results of the
simulation, is provided. The virtual mechanical system
includes a first drive module, a first main shaft module
connected to the first drive module, and a plurality of pow-
er transmission subsystems, each of which is connected
to the first main shaft module and is associated with one

of the plurality of servomotors respectively. Each of the
power transmission subsystems includes a second drive
module, a differential gear module including a main input
shaft, an auxiliary input shaft, and an output shaft, and
an output module. The main input shaft is connected with
the first main shaft module, the auxiliary input shaft is
connected with the second drive module via a first clutch
module, and the output shaft is connected with the output
module.
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Description

TECHNICAL FIELD

[0001] The present invention relates a control pro-
gram, a control method, and a control device to control
driving of servomotor-typed mechanical testing device
driven by, for example, a servomotor.

BACKGROUND ART

[0002] Along with practical application of a lower-iner-
tial high-power AC servomotor (hereinafter, abbreviated
as "servomotor") capable of outputting fluctuating torque
in high frequency over 100 Hz, a servomotor-typed me-
chanical testing device (e.g., a fatigue testing device and
a vibration testing device) using a servomotor as a driving
source in place of a conventional hydraulic actuator has
been commonly accepted. While the servomotor is rela-
tively small and is easier to be handled and maintained
compared to a hydraulic device, demands for the me-
chanical testing device, which enables advanced tests
using a plurality of servomotors, have been increased.
In the meantime, the servomotor may contain problems
such that controlling synchronously the plurality of ser-
vomotors, of which output fluctuates in high speed, re-
quires advanced controlling techniques, and a large
amount of development costs and a long term of devel-
oping time are required to develop dedicated controlling
programs.
[0003] Developers’ environments to effectively build a
controlling system to synchronously control a plurality of
servomotors are provided by manufacturers of servomo-
tors (non-patent document 1). Non-patent 1 discloses a
visual programming language called mechanical system
program. The mechanical system program simulates
hardware-based synchronous control to mechanically
control driving of a plurality of output shafts synchronous-
ly by use of mechanical elements, such as gears and
cams, on software basis and synchronously control the
plurality of servomotors associated with output shafts
(virtual shafts) on the software basis.

CITATION LIST

NON-PATENT DOCUMENT

[0004] [Non-patent document 1]: Mitsubishi Integrated
FA Software MELSOFT, effective May 2005, pages
25-26. [online]. MITSUBISHI ELECTRIC. [retrieved on
2011-11-02]. Retrieved from the Internet: <URL : ht-
tp://wwwf2.mitsubishielectric.co.jp/melfansweb/docu-
ment/catalog/melsoft/108008/10800 8c.pdf>

SUMMARY OF THE INVENTION

[0005] However, even with the benefit of the develop-
er’s environment described in the non-patent document

1, according to conventional and common programming
methods, in order to achieve advanced control required
for mechanical testing devices in recent years, architec-
tures in the program tend to be complicated; therefore,
a program architecture which can be developed efficient-
ly has been demanded.
[0006] According to an embodiment of the present in-
vention, a control program to manipulate a computer to
simulate behaviors of a virtual mechanical system being
a virtual mechanism and to control synchronized driving
of a plurality of servomotors based on results of the sim-
ulation is provided. The virtual mechanical system in-
cludes a first drive module; a first main shaft module con-
nected to the first drive module; and a plurality of power
transmission subsystems, each of which is connected to
the first main shaft module and is associated with one of
the plurality of servomotors respectively, wherein each
of the power transmission subsystems includes a second
drive module; a differential gear module comprising a
main input shaft, an auxiliary input shaft, and an output
shaft; and an output module, and wherein the main input
shaft is connected with the first main shaft module; the
auxiliary input shaft is connected with the second drive
module; the output shaft is connected with the output
module; and the servomotor associated with the power
transmission subsystem is driven according to a simu-
lated result of input into the output module.
[0007] According to this configuration, with use of the
virtual mechanical module, composition of outputs of the
first drive module and the second drive module by the
differential gear module is virtually achieved so that com-
plex drive control of the servomotors can be easily per-
formed.
[0008] Optionally, the main input shaft may be con-
nected with the first main shaft module via a first clutch
module.
[0009] According to this configuration, with switching
ON/OFF of the first clutch module, driving ON/OFF of
each servomotor by the first driving module can be easily
controlled.
[0010] Optionally, the auxiliary input shaft may be con-
nected with the second drive module via a second clutch
module.
[0011] According to this configuration, while input from
the second drive module to the differential gear module
is ON/OFF controllable by the second clutch module, out-
put from each servomotor can be individually and easily
controlled.
[0012] Optionally, a phase of driving the servomotor
may be controlled by setting a rotational position of the
second drive module.
[0013] According to this configuration, output from the
second drive module for the phase control can be pro-
vided to a desired servomotor by the second clutch mod-
ule; therefore, a phase of each servomotor can be inde-
pendently set, and the servomotor drive control program
which can be easily developed or modified is provided.
[0014] Optionally, by driving the first drive module ac-
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cording to a first driving waveform and by driving the sec-
ond drive module according to an oscillatory waveform,
rotation of the servomotor may be oscillated according
to the oscillatory waveform centering around a rotational
position of the servomotor defined by the first driving
waveform.
[0015] Optionally, the first driving waveform may be a
ramp wave, and a center of rotary oscillation of the ser-
vomotor may move at a constant-angled velocity.
[0016] Optionally, a driving waveform of the servomo-
tor may be offset by driving the second drive module in
a stepwise pattern according to a rectangular wave.
[0017] According to an embodiment of the present in-
vention, a control method to manipulate a computer to
simulate behaviors of a virtual mechanical system being
a virtual mechanism and to control synchronized driving
of a plurality of servomotors based on results of the sim-
ulation is provided. The virtual mechanical system in-
cludes a first drive module; a first main shaft module con-
nected to the first drive module; and a plurality of power
transmission subsystems, each of which is connected to
the first main shaft module and is associated with one of
the plurality of servomotors respectively, wherein each
of the power transmission subsystems includes a second
drive module; a differential gear module comprising a
main input shaft, an auxiliary input shaft, and an output
shaft; and an output module, and wherein the main input
shaft is connected with the first main shaft module; the
auxiliary input shaft is connected with the second drive
module; the output shaft is connected with the output
module; and the servomotor associated with the power
transmission subsystem is driven according to a simu-
lated result of input into the output module.
[0018] According to an embodiment of the present in-
vention, a control device to simulate behaviors of a virtual
mechanical system being a virtual mechanism and con-
trol synchronized driving of a plurality of servomotors
based on results of the simulation is provided. The control
device includes a simulation unit configured to simulate
the behaviors of the virtual mechanical system; and a
drive control unit configured to control driving of the plu-
rality of servomotors based on the results of the simula-
tion, wherein the virtual mechanical system includes a
first drive module; a first main shaft module connected
to the first drive module; and a plurality of power trans-
mission subsystems, each of which is connected to the
first main shaft module and is associated with one of the
plurality of servomotors respectively, wherein each of the
power transmission subsystems includes a second drive
module; a differential gear module comprising a main
input shaft, an auxiliary input shaft, and an output shaft;
and an output module, wherein the main input shaft is
connected with the first main shaft module; the auxiliary
input shaft is connected with the second drive module
via a first clutch module; the output shaft is connected
with the output module; and the drive control unit outputs
a control signal to control driving of the servomotor as-
sociated with the power transmission subsystem accord-

ing to a simulated result of input into the output module.
[0019] According to an embodiment of the present in-
vention, a control program to drive a driving unit of a
mechanical testing device according to a target wave-
form by manipulating a computer to function as a target
waveform data generating unit to generate target wave-
form data indicating the target waveform; and a drive
command unit to command the driving unit to operate
based on the target waveform data, wherein the target
waveform data generating unit and the drive command
unit are configured to operate in parallel, is provided. Op-
tionally, the target waveform data generating unit may
be configured to read an externally input waveform signal
and convert the waveform signal into the target waveform
data.
[0020] According to this configuration, generation of
target waveform data and a driving command are proc-
essed in parallel; therefore, for example, control, in which
the driving waveform of the driving unit is determined in
real time according to a testing circumstance, can be
easily performed. Further, a process to control according
to an externally input waveform signal can be easily op-
erated.
[0021] Optionally, the target waveform data generating
unit may include a plurality of target waveform data gen-
erating units configured to be controllable of driving a
plurality of driving units based on a plurality of waveform
signals, wherein each of the plurality of the target wave-
form data generating units may be associated with one
of the plurality of waveform signals; and the drive com-
mand unit may include a plurality of drive command units,
each of which may be associated with one of the plurality
of driving units respectively.
[0022] According to this configuration, complex drive
control to control the plurality of driving units based on
the plurality of waveform signals may be achieved in a
simple program configuration.
[0023] Further, according to an embodiment of the
present invention, a control method to drive a driving unit
of a mechanical testing device according to a target
waveform is provided. The control method includes a
step to generate target waveform data indicating the tar-
get waveform; and a step to command the driving unit to
operate based on the target waveform data, wherein the
step to generate the target waveform data and the step
to command the driving unit to operate are processed in
parallel.
[0024] According to an embodiment of the present in-
vention, a control program to drive a driving unit of a
mechanical testing device according to a target wave-
form by manipulating a computer to function as a unit
waveform data generating unit to generate unit waveform
data indicating a waveform of one cycle based on basic
waveform definition data which defines a waveform of
one cycle; a target waveform data generating unit to gen-
erate target waveform data, which is continuous wave
data indicating the target waveform, based on one or
more items of the unit waveform data; and a drive com-
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mand unit to command the driving unit to operate based
on the target waveform data, is provided.
[0025] According to this configuration, continuous driv-
ing of the mechanical testing device based on the basic
waveform definition data, of which data volume is small,
is enabled. Further, based on a relatively small number
of types of basic waveform definition data, generation of
complicated and various types of target waveform data
is enabled; therefore, drive control of the mechanical test-
ing device with higher degrees of flexibility is enabled.
[0026] Optionally, the unit waveform data generating
unit, the target waveform data generating unit, and the
drive command unit may be configured to operate in par-
allel.
[0027] According to this configuration, easy real-time
control of the mechanical testing device is enabled.
[0028] According to an embodiment of the present in-
vention, a control program to control driving of a servo-
motor by manipulating a computer to function as a target
value generating unit to generate a target value for a
controlling amount; a correction unit to correct the target
value; and a drive command unit to command the servo-
motor to operate based on the corrected target value,
wherein the correction unit includes the pulse signal ob-
taining unit to obtain a pulse signal from an encoder de-
tecting rotation of the servomotor; and a phase comput-
ing unit to compute a rotational phase of the servomotor
based on the pulse signal; and a correction value deter-
mining unit to determine a correction value based on the
phase, and wherein the correction unit corrects the target
value by adding the correction value to the target value,
is provided.
[0029] According to this configuration, drive control of
the servomotor is performed in synchronization with an
actual driving condition (actual phase) of the servomotor;
therefore, a phase difference between the actual phase
and the control signal can be eliminated, and smooth
drive control without a torque ripple is enabled.
[0030] Further, according to an embodiment of the
present invention, a control device to drive a driving unit
of a mechanical testing device according to a target
waveform is provided. The control device includes a tar-
get waveform data generating unit to generate target
waveform data indicating the target waveform; and a
drive command unit to command the driving unit to op-
erate based on the target waveform data, wherein the
target waveform data generating unit and the drive com-
mand unit are configured to operate in parallel.
[0031] Further, according to an embodiment of the
present invention, a control method to control driving of
a servomotor is provided. The method includes a step to
generate a target value for a controlling amount; a step
to correct the target value; and a step to command the
servomotor to operate based on the corrected target val-
ue, wherein the step to correct the target value includes
a step to obtain a pulse signal from an encoder detecting
rotation of the servomotor; a step to compute a rotational
phase of the servomotor based on the pulse signal; a

step to generate a correction value based on the phase;
and a step to correct the target value by adding the cor-
rection value to the target value.
[0032] Further, according to an embodiment of the
present invention, a control device to control driving of a
servomotor is provided. The control device includes a
target value generating unit to generate a target value
for a controlling amount; a correction unit to correct the
target value; and a drive command unit to command the
servomotor to operate based on the corrected target val-
ue, wherein the correction unit includes the pulse signal
obtaining unit to obtain a pulse signal from an encoder
detecting rotation of the servomotor; a phase computing
unit to compute a rotational phase of the servomotor
based on the pulse signal; and a correction value gen-
erating unit to generate a correction value based on the
phase, wherein the correction unit corrects the target val-
ue by adding the correction value to the target value.
[0033] Further, according to an embodiment of the
present invention, a control program to control driving of
a plurality of servomotors by manipulating a computer to
function as a plurality of target waveform data generating
units to generate target waveform data; and a drive com-
mand unit to command the driving unit to operate based
on one or a plurality of items of the target waveform data,
wherein the drive command unit is configured to, when
commanding the driving unit to operate based on the
plurality of items of the target waveform data, support
driving of the driving unit based on a waveform composed
of the plurality of items of the target waveform data, is
provided.
[0034] Further, according to an embodiment of the
present invention, a control method to control driving of
a plurality of servomotors is provided. The control method
includes a step to generate target waveform data; and a
step to command the driving unit to operate based on
one or a plurality of items of the target waveform data,
wherein, in the step to command the driving unit to op-
erate, when commanding the driving unit to operate
based on the plurality of items of the target waveform
data, driving of the driving unit based on a waveform com-
posed of the plurality of items of the target waveform data
is commanded.
[0035] According to the embodiments of the present
invention, control programs and control devices, which
can be easily developed or modified, and in which com-
plex drive control of a mechanical testing device and the
like is enabled, are provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036]

[Fig. 1] A block diagram to illustrate an overall hard-
ware configuration of a mechanical testing device
according to an embodiment of the present inven-
tion.
[Fig. 2] A block diagram to illustrate an overall con-
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figuration of a motion controller.
[Fig. 3] A diagram to illustrate a mechanical system
user program to be executed in Embodiment 1.
[Fig. 4] A flowchart to illustrate an operation flow in
Embodiment 1.
[Fig. 5] A diagram to illustrate driving of servomotors
in Embodiment 2.
[Fig. 6] Figs 6A, 6B, and 6C are graphs to illustrate
chronological changes of rotation angles of a first
drive module, a second drive module, and an output
module, respectively.
[Fig. 7] A block diagram to illustrate an overall con-
figuration of a user program according to Embodi-
ment 4.
[Fig. 8] A diagram to illustrate a configuration of a
user program to be used to control according to Em-
bodiment 5.
[Fig. 9] A diagram to illustrate an example of basic
waveform definition data 27C.
[Fig. 10] Graphs to illustrate correction of controlling
amounts according to Embodiment 6.
[Fig. 11] A block diagram to illustrate an overall con-
figuration of a control system according to Embodi-
ment 6.

EMBODIMENTS FOR CARRYING OUT THE INVEN-
TION

[0037] Hereafter, embodiments of the invention is de-
scribed with reference to the accompanying drawings.
[0038] Fig. 1 is a block diagram to illustrate an overall
hardware configuration of a mechanical testing device 1
according to an embodiment of the present invention.
The mechanical testing device 1 includes a testing mech-
anism 10 having plurality of servomotors 11; a plurality
of servo amplifiers 11a, each of which is associated with
one of the plurality of servomotors 11; a motion controller
20, a measuring unit 30, a PC (personal computer) 40,
and a function generator 50.
[0039] The testing mechanism 10 is equipped with a
load sensor 14 for detecting load applied to a specimen
(not shown) and a displacement sensor 16 for detecting
displacement of the specimen. In place of the displace-
ment sensor 16, the testing mechanism 10 may be
equipped with another type of sensor to detect responses
from the specimen (e.g., torsion gauge sensor, speed
sensor, acceleration sensor, etc.). Each of the servomo-
tors 11 is equipped with a rotary encoder 12 for detecting
a rotating amount of a rotation axis.
[0040] Each of the servo amplifiers 11a is connected
to one of the servomotors 11 respectively and supplies
driving current to the connected corresponding servomo-
tor 11 based on instructing signals from the motion con-
troller 20. The servo amplifiers 11a are in daisy-chain
connection with the motion controller 20 by optical fiber
cables.
[0041] The motion controller 20 generates driving con-
trol signals to control driving of the servomotors 11 based

on various setting parameters (described later), which
are input from the PC 40, and outputs the generated sig-
nals to the servo amplifier 11a. The motion controller 20
is configured also to be capable of generating driving
control signals based on alternating current voltage sig-
nals generated by the function generator 50. A configu-
ration of the motion controller 20 will be described later
in detail.
[0042] The measuring unit 30 converts detection sig-
nals from the load sensor 14 and the displacement sensor
16 into digital data and outputs the digital data to the PC
40. The measuring unit 30 is connected to the motion
controller 20. Digital signals indicating the rotation
amounts of the servomotors 11, which are detected by
the rotary encoders 12, are input into the measuring unit
30 through the servo amplifiers 11a and the motion con-
troller 20, and are transmitted to the PC 40 along with
the detected results from the load sensor 14 and the dis-
placement sensor 16.
[0043] The PC 40 computes target waveform data for
driving the servomotors 11 based on input from a user,
generates various setting parameters to define the target
waveform data, and outputs the setting parameters to
the motion controller 20. The PC 40 also computes test
results based on various kinds of measured data output
from the measuring unit 30 in real time, displays the test
results, and records the test results in an internal memory
(not shown). Further, the PC 40 is equipped with a func-
tion to modify the target waveform data based on the
various types of measured data from the measuring unit
30. These procedures are conducted by using dedicated
application software, which is installed in the PC 40.
[0044] Fig. 2 is a block diagram to illustrate an overall
configuration of the motion controller 20. The motion con-
troller 20 is configured with hardware 20a, an operation
system 20b, and a user program 20c. The operation sys-
tem 20b is in a hierarchic structure and includes a kernel
21 to directly administrate the hardware 20a in a lower
layer, a motion-controlling SFC language program 22
(hereinafter, "SFC language program 22") working on the
kernel 21 in an upper layer, a mechanical system lan-
guage program 23, and an interface 24. The SFC lan-
guage program 22 interprets and executes the user pro-
gram 20c (SFC user program 25), which is described in
a motion-controlling SFC language developed for motion
control. The motion-controlling SFC language is a visual
programming language to describe procedures of motion
control in a flowchart format. Meanwhile, the mechanical
system language program 23 interprets and executes
the user program 20c (mechanical system user program
26) described in a mechanical system language. The me-
chanical system user program 26 is used to describe
control of synchronous driving of the plurality of servo-
motors 11 and is called by the SFC language program
22 to be executed. The user program 20c includes, in
addition to the above-described SFC user program 25
and the mechanical system user program 26, configura-
tion data such as basic waveform data 27 which is to be
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used to execute the SFC user program 25. Meanwhile,
the interface 24 administrates input/output between the
external devices (e.g., the PC 40 connected to the motion
controller 20 and the function generator 50).

EMBODIMENT 1

[0045] Next, an example of exemplary control by use
of a mechanical testing device 1 will be described. Fig.
3 shows a diagram to illustrate the mechanical system
user program 26 to be executed in Embodiments 1-3
described below. Embodiment 1 is an example of control
to synchronously rotate the servomotors 11 at a prede-
termined phase difference. The mechanical system user
program 26 includes a first drive module 110 and a first
main shaft 120 driven by the first drive module 110. The
first main shaft 120 is provided with a plurality of gears,
of which quantity is equal to the quantity of the servomo-
tors 11 which are to be actually driven (in Fig. 3, only
gears 130A, 130B for two routes are shown), and is con-
nected to a plurality of second main shafts 120A, 120B
via the gears 130A, 130B respectively. The second main
shaft 120A is connected to a main input shaft 151A of a
differential gear (differential gear device) 150A through
a clutch 140A. Further, an auxiliary input shaft 152A of
the differential gear 150A is connected to a second drive
module 180A through a gear 160A and a clutch 170A.
Meanwhile, an output module 190A is connected to an
output shaft 153A of the differential gear 150A. The dif-
ferential gear 150A transmits differential rotation be-
tween rotation of the main input shaft 151A and rotation
of the auxiliary input shaft 152A to the output shaft 153A.
To another second virtual main shaft (e.g., 120B, etc.)
connected to the first main shaft 120, a virtual mechanism
in a same structure (for example, a clutch 140B, a differ-
ential gear 150B, a gear 160B, a clutch 170B, a second
drive module 180B, and an output module 190B) is con-
nected. Each of the output modules (190A, 190B, etc.)
is associated with one of the servomotors 11 on one-on-
one basis, and each of the servomotors 11 is controlled
to rotate in a same phase as the associated output mod-
ule. According to the mechanical system described
above, rotation of each servomotor 11 (output module)
is associated with virtual rotation of the first drive module
110 (that is, driven synchronously). In Embodiment 1, a
common driving pulse is input into each of the second
drive modules (in Fig. 1, 180A and 180B), and the second
drive modules are configured to rotate in a same phase
for an angle corresponding to the driving pulse. In Em-
bodiment 1, the first drive module 110 is configured to
be rotatable in various waveforms (e.g., sine wave, tri-
angular wave, rectangular wave, ramp wave, and discre-
tional composite wave) according to commands being
input.
[0046] Next, behaviors of the servomotors in Embod-
iment 1 will be described. As mentioned above, Embod-
iment 1 is an example to control the servomotors 11 to
rotate in a predetermined phase difference and in a same

waveform. Herein, an exemplary case to apply a phase
difference between rotations of the servomotors 11 as-
sociated with the output modules 190A, 190B will be de-
scribed. Fig. 4 is a flowchart to illustrate an operation flow
in Embodiment 1.
[0047] First, in step S1, initialization is executed. In par-
ticular, the clutches 140A, 140B, and 170A are connect-
ed, and the clutch 170B is disconnected. Next, the first
drive module 110 is activated (S2). In this regard, the
output modules 190A and 190B are rotated in a same
phase. Next, driving pulse corresponding to a predeter-
mined rotation angle Δθ (e.g., 180 degrees) is input into
the second drive modules 180A and 180B (S3). In this
regard, with the clutch 170A being connected, the auxil-
iary input shaft 152A of the differential gear 150A is ro-
tated for the rotation angle Δθ by the second drive module
180A, and the output shaft 153A of the differential gear
150 is given a phase difference (rotation angle difference)
for Δθ with respect to the main input shaft 151A. Mean-
while, with the clutch 170B being disconnected, the aux-
iliary input shaft 152B of the differential gear 150B rotates
at the same phase as the first drive module 110. While
the main input shafts 151A, 151B of the differential gears
150A, 150B rotate at the same phase, the output shafts
153A, 153B of the differential gears 150A, 150B respec-
tively rotate in a same waveform as the first drive module
110 at the phase difference Δθ. In other words, according
to the control of Embodiment 1, even when the rotational
conditions of the first drive module 110 are changed, the
servomotors 11 associated with the output modules 190A
and 190B respectively can be maintained rotating at the
same predetermined phase difference from each other.
Further, according to the configuration in Embodiment 1,
the driving waveform and phase of the servomotors 11
can be independently controlled. That is, while the driving
waveform is controlled by use of the first drive module
110, the phase difference can be controlled by the second
drive modules 180A, 180B and 170A, 170B independ-
ently from the control of the driving waveform.

EMBODIMENT 2

[0048] Next, Embodiment 2, in which rotation of the
servomotors is controlled to be oscillated while being ro-
tated at an average rate in a predetermined direction, is
described. Herein, an example of control over the output
module 190A will be described. Fig. 5 is a diagram to
illustrate driving of the servomotors 11 according to Em-
bodiment 2. In particular, Fig. 5A, 5B, and 5C are graphs
to illustrate chronological changes of rotation angles of
the first drive module 110, the second drive module 180,
and the output module 190A, respectively. In Embodi-
ment 2, the clutches 140A, 170A are connected, and a
rotation angle of the output module 190A is equal to a
sum of the rotation angles of the first drive module 110
and the second drive module 180A. In Embodiment 2, a
command to manipulate the first drive module 110 to ro-
tate in a constant rotation velocity, as shown in Fig. 5A,

9 10 



EP 2 778 804 A1

7

5

10

15

20

25

30

35

40

45

50

55

is input into the first drive module 110. Meanwhile, a com-
mand to manipulate the second drive module 180A to
rotate in a rotation angle, which modulates in a sine wave-
form, as shown in Fig. 5B, is input into the second drive
module 180A. Thereby, rotation of the first drive module
110 and rotation of the second drive module 180A are
combined by the differential gear 150A, and the output
module 190A rotates in accordance with a waveform
shown in Fig. 5C, in which the waveform in Fig. 5A is
imposed over the waveform in Fig. 5B. According to the
configuration of Embodiment 2, the rotation and the os-
cillation of the servomotors 11 are independently control-
led easily. That is, rotary motion (center angle of oscilla-
tion) can be controlled by use of the first drive module
110, while the oscillation is controlled by the second drive
module 180A independently from the rotary motion. In
this regard, in Embodiment 2, an example, in which the
first drive module 110 is driven at the constant-angled
velocity and the second drive module 180A is oscillated
in sine oscillation; however, the first drive module 110
and the second drive module 180A may be driven in dif-
ferent waveforms. For example, the first drive module
may be driven in the constant-angled velocity, while the
second drive module 180A may be driven in a ramp wave-
form. The configuration may be applied to control of a
so-called rotation torsion tester, in which a specimen is
rotated at a predetermined rate while torsion load (or an
excitation force) is repeatedly applied to the specimen.

EMBODIMENT 3

[0049] Next, Embodiment 3, in which the center angle
of oscillation is controlled to be offset while the servomo-
tor 11 is oscillated, will be described. Herein, an example
to control the output module 190A will be described. Figs.
6A, 6B, and 6C are graphs to illustrate chronological
changes of rotation angles of the first drive module 110,
the second drive module 180A, and the output module
190A, respectively. In Embodiment 3, again, the clutches
140A, 170A are connected, and the rotation angle of the
output module 190A is equal to the sum of the rotation
angles of the first drive module 110 and the second drive
module 180A. In Embodiment 3, as shown in Fig. 6A, a
command to modulate the rotation angle of the first drive
module 110 according to the sine waveform is input into
the first drive module 110. Further, as shown in Fig. 6B,
the rotation angle of the second drive module 180 is set
at a phase θ1 at the beginning of the control (t=0). During
a period from 0 to t1, no driving pulse is supplied to the
second drive module 180A so that the second drive mod-
ule 180A is stopped at the rotation angle θ1. At a timing
(t=t1), when the angle at the center of the oscillation of
the servomotor 11 is offset, the driving pulse is input into
the second drive module 180A, and the second drive
module 180A is rotated for the rotation angle Δθ. There-
after, the driving pulse is not supplied to the second drive
module 180A, and the second drive module 180A is
stopped at a rotation angle θ2. As a result, driving is con-

trolled so that the servomotor 11 associated with the out-
put module 190A oscillates centering around the rotation
angle θ1 during the period from 0 to t1 in the sine wave-
form; at the timing t1, the angle at the center of the os-
cillation is offset for the rotation angle Δθ; and at the timing
t1 and onward, the servomotor 11 oscillates centering
around the rotation angle θ2 in the sine waveform. Ac-
cording to the configuration in Embodiment 3, the wave-
form of the oscillation of the servomotor 11 and the offset
can be independently controlled easily. Namely, the driv-
ing waveform can be controlled by use of the first drive
module 110 while the amount of offset can be controlled
by the second drive module 180A independently from
the control of the waveform. The oscillating waveform of
the first drive module 110 may not necessarily be limited
to the sine waveform, but various waveforms (e.g., sine
wave, triangular wave, rectangular wave, ramp wave,
and discretional composite wave) may be applied. Fur-
ther, by driving the second drive module 180A arbitrarily,
an offset amount, a direction of the offset, and/or a timing
of the offset may be arbitrarily controlled. Furthermore,
with a driving velocity of the second drive module 180A
(a rate of the driving pulse) at the time of offsetting, mod-
erateness or acuteness of the offset can be adjusted.
The above description is an example to explain the con-
trol of the output module 190A; however, a plurality of
output modules including the output module 190B may
be synchronously driven while the phase θ of each output
module is offset. In this regard, the phases of the output
modules may be offset concurrently for a same amount,
or the phase of each output module may be offset for a
different amount at a different timing from one another.

EMBODIMENT 4

[0050] Next, Embodiment 4, in which the servomotors
11 are controlled based on alternating current voltage
signals (analog waveform signals) generated by the func-
tion generator 50, will be described. Fig. 7 is a block di-
agram to illustrate an overall configuration of the user
program 20c according to Embodiment 4. The SFC user
program 25 used in Embodiment 4 is configured with two
kinds of programs (a waveform signal reading program
25A and a drive controlling program 25B), which are ex-
ecuted concurrently in parallel with one another. The
waveform signal reading program 25A executes a proc-
ess to convert analog waveform signals, which are input
into an analog signal input unit (not shown) in the motion
controller 20, into target waveform data sequentially.
Meanwhile, the drive controlling program 25B executes
a process to drive the servomotor 11 based on the target
waveform data generated by the waveform signal read-
ing program 25A. The waveform signal reading program
25A is provided to each one of a number of analog wave-
form signals to be used to control the mechanical testing
device 1 and is run in parallel with each other. Meanwhile,
the drive controlling program 25B is provided to each one
of a number of the servomotors 11 in the mechanical
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testing device 1 and is run in parallel with each other. In
this regard, within the servomotors 11 which are to be
controlled uniformly, a common drive controlling program
25B is shared. Thus, by running the plurality of waveform
signal reading programs 25A and/or the plurality of drive
controlling programs 25B in parallel with one another,
complex driving control over the plurality of servomotors
11 by use of the plurality of analog waveform signals is
enabled. Embodiment 4 is an example to control driving
of the plurality of servomotors 11 by use of the SFC user
program 25 alone without using the mechanical system
user program 26; however, for another example, the me-
chanical system user program 26 may be called by the
drive controlling program 25B to control another servo-
motor 11 synchronously.

EMBODIMENT 5

[0051] Next, Embodiment 5 to control behaviors of the
mechanical testing device 1 by use of basic waveform
definition data 27C, which will be described later, stored
in advance in the motion controller 20 will be described.
Fig. 8 is a diagram to illustrate a configuration of the user
program 20c to be used for the control in Embodiment
5. As show in Fig. 8, in Embodiment 5, the behaviors of
the mechanical testing device 1 are controlled by use of
the basic waveform definition data 27C, which is a part
of the user setting data 27, and three parts of the SFC
user program 25 (a unit waveform data generating pro-
gram 25C, a target waveform data generating program
25D, and the drive controlling program 25B).
[0052] An example of the basic waveform definition da-
ta 27C is shown in Fig. 9. The basic waveform definition
data 27C is matrix data, which describes a cycle of basic
waveform in accordance with predetermined codes. In a
memory (not shown) in the motion controller 20, stored
is basic waveform definition data 27C, which is associ-
ated with a plurality of kinds of basic waveforms (e.g.,
sine wave, triangular wave, rectangular wave, ramp
wave, and discretional composite wave). Optionally, the
basic waveform definition data 27C may be prepared by
a user by use of dedicated application software installed
in the PC 40. The basic waveform definition data 27C is,
unlike the unit waveform data 28C described later, data
containing legitimate oscillation and periodicity. The unit
waveform data generating program 25C reads the basic
waveform definition data 27C associated with the wave-
form to be used to control the mechanical testing device
1 and, based on the basic waveform definition data 27C,
generates one cycle of the unit waveform data 28C, which
is waveform data containing the specified oscillation and
periodicity. The unit waveform data 28C is configured
with paired data units for time t and a rotation angle θ
and contains a plurality of pairs of the data units gener-
ated at a predetermined time interval. Optionally, in place
of the oscillation, intensity of the unit waveform data C
to be generated may be specified by a maximum value/a
minimum value or a center value/a half amplitude value.

The target waveform data generating program 25D gen-
erates target waveform data 29C being continuous wave-
form data by use of one or more items of unit waveform
data 28C. The drive controlling program 25B reads the
paired data units in the target waveform data 29C se-
quentially at the interval according to the cycle in the
specified waveform and outputs the oscillation of the tar-
get waveform data 29C to the servo amplifiers 11a as a
command signal C in synchronization with an internal
clock (when synchronously controlled, through the me-
chanical system user program 26). In the present em-
bodiment, the unit waveform data generating program
25C and the target waveform data generating program
25D are provided; however, these programs may be in-
tegrated, and the target waveform data 29C may be di-
rectly generated from the basic waveform definition data
27C.

EMBODIMENT 6

[0053] Next, Embodiment 6 will be described. Fig. 11
is a block diagram to illustrate an overall configuration of
control in Embodiment 6. Meanwhile, Fig. 10 shows
graphs to illustrate correction of controlling amounts (ro-
tation amounts) in Embodiment 6. Embodiment 6 is an
example of controlling a rotation rate (velocity control),
whereas a rotating amount N (a phase velocity ω=2πN)
of a rotation shaft of the servomotor 11 is the controlled
amount, and the control is performed when the motion
controller 20 is in a rotation amount controlling mode.
The servomotors 11 are, under influence of factors such
as cogging torque, even if driven at constant output,
torque ripples, in which output torque fluctuates within
one round of rotation, are produced. Further, in the same
reason, even if the rotation rate is controlled, velocity
ripples, in which the phase velocity ω fluctuates depend-
ing on the phase θ, are produced. According to Embod-
iment 6, by correcting a target value of the phase velocity
ω according to the phase θ of the servomotor 11, the
velocity ripples are resolved, and steady rotating motion
is achieved.
[0054] In Embodiment 6, fluctuation of a rotating
amount N within a rotation period, when the servomotor
11 is rotated at a constant velocity, is measured in ad-
vance. In particular, first, when the servomotor 11 is ro-
tated at a constant velocity, timings (time t) when pulses
are output from the rotary encoder 12 are timed. While
the phase θ of the servomotor 11 at the timing t, at which
each pulse is output, is known, plotting each pulse (time
t and phase θ) provides a graph indicating chronological
change of the phase θ as indicated by a plot P shown in
Fig. 10A. The up-and-down oscillation of the plot P indi-
cates presence of periodical fluctuation (velocity ripples)
of the rotating amount N. Meanwhile, a line L shown in
Fig. 10A indicates the plot P approximated linearly by a
least square method. While influence of the velocity rip-
ples, which appear as a form of the periodical fluctuation,
is canceled in the linear approximation, the line L can be
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regarded as the chronological change (i.e., a waveform
of target values) of the phase θ in an ideal condition,
wherein no velocity ripple is produced.
[0055] A curve D shown in Fig. 10B is a graph indicating
a difference θL-θP between a curve P (a fitting curve of
the plot P) and the line L. The difference is caused by
the velocity ripples of the servomotor 11. Therefore, by
differentiating the curve D by time, the velocity ripples,
that is, the deviation E Nref-Nmeas) of the rotating amount
N (ω=2πN) of the servomotor 11, is achieved (note that
Nref represents the target value of the rotating amount
N, and Nmeas represents the measured value of the ro-
tating amount N). A curve E shown in Fig. 10C indicates
the curve D differentiated by time with the horizontal axis
being converted into the phase.
[0056] The deviation E may be used as a correction
value for the rotating amount N. Namely, the rotational
phase θ of the servomotor 11 may be controlled by use
of the correction value, which is corrected by adding a
value in the curve E to a target value Nset for the rotating
amount so that the torque ripples are compensated, and
the rotating amount is steadily controlled. In this regard,
the waveform of the curve E achieved in advance has
been recorded in an internal memory of the motion con-
troller 20 to serve as a lookup table (correction data 29E).
[0057] Next, a method to control driving of the servo-
motor 11 by use of the correction data E will be described.
Fig. 11 is a block diagram to illustrate an overall config-
uration of a controlling system according to Embodiment
6. As shown in Fig. 11, first, pulse signals P from the
rotary encoder 12 are input into the motion controller 20
(drive controlling program 25B). The drive controlling pro-
gram 25B computes the phase θ of the servomotor 11
based on the pulse signals P and obtains the correction
value E corresponding to the phase θ with reference to
the correction data 29E. Further, the drive controlling pro-
gram 25B reads the target waveform data 29C generated
by the above-mentioned target waveform data generat-
ing program 25D and outputs the target value Nref of the
rotating amount with the correction value E added thereto
to the servo amplifier 11a as a command signal C. The
servo amplifier 11a generates a driving current according
to the command signal C and drives the servomotor 11.
Meanwhile, the rotary encoder 12 outputs the pulse sig-
nal P to the motion controller 20 so that the pulse signal
P are input again into the running drive controlling pro-
gram 25B.
[0058] The torque ripples and the velocity ripples serve
in the functions for the phase θ of the servomotor 11;
however, even when the velocity is controlled to maintain
the rotating amount N constant, the phase θ of the ser-
vomotor 11 may not necessarily be in synchronization
with an internal clock of the motion controller 20. There-
fore, in Embodiment 6, by controlling the servomotor 11
in synchronization with the output from the rotary encoder
in the servomotor 11, effective correction of the torque
ripples and the velocity ripples is achieved.
[0059] While Embodiment 6 described above is an ex-

ample of velocity control (rotation amount control), the
present invention is not limited to the configuration de-
scribed in Embodiment 6, but may be applied to other
controlling modes such as, for example, phase control,
in which the phase θ is used as a controlled amount to
be controlled, and torque control, in which the torque is
used as the controlled amount to be controlled. Mean-
while, as to the correction amount E, deviation of the
controlled amount is used.
[0060] While, in Embodiment 6 described above, the
waveform of the correction data 29E is experimentally
obtained, the torque ripples and the velocity ripples are
generally preferably approximated by cosine of the phase
θ of the servomotor 11. Therefore, the waveform of the
cosine suited to the oscillation, cycles, and phases of the
torque ripples and the velocity ripples may be used as
the correction data 29E.
[0061] The foregoing is the exemplary embodiments
of the present invention. The configuration of embodi-
ment of the invention is not limited to those explained
above, but may be arbitrarily modified within a scope of
the technical concept expressed in the claims.
[0062] For example, the embodiments described
above are concerning control of the rotation angle of the
rotation shaft in the servomotor 11; however, configura-
tions of the present invention may not necessarily be lim-
ited to those described above, but may include a config-
uration, in which a rotating amount, torque, or a position,
velocity, driving force of an actuator driven by the servo-
motor, or the like, is controlled to be the target value.
[0063] In the embodiments described above, the mo-
tion controller 20 provides the command signals to the
servo amplifier 11a in digital; however, command signals
in another format (e.g., analog current signals, analog
voltage signals, and pulse signals) may be provided to
the servo amplifier 11a.
[0064] Further, the configurations in the embodiments
described above may be applied to various mechanical
testing devices such as a tension/compression testing
device, a torsion testing device, a vibration testing device,
etc.
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Claims

1. A control program to manipulate a computer to sim-
ulate behaviors of a virtual mechanical system being
a virtual mechanism and to control synchronized
driving of a plurality of servomotors based on results
of the simulation, the virtual mechanical system com-
prising:

a first drive module;
a first main shaft module connected to the first
drive module; and
a plurality of power transmission subsystems,
each of which is connected to the first main shaft
module and is associated with one of the plural-
ity of servomotors respectively,
wherein each of the power transmission subsys-
tems comprises:

a second drive module;
a differential gear module comprising a
main input shaft, an auxiliary input shaft,
and an output shaft; and
an output module,

characterized in that:

the main input shaft is connected with the
first main shaft module;
the auxiliary input shaft is connected with
the second drive module;
the output shaft is connected with the output
module; and
the servomotor associated with the power
transmission subsystem is driven according
to a simulated result of input into the output
module.

2. The control program according to claim 1,
wherein the main input shaft is connected with the
first main shaft module via a first clutch module.

3. The control program according to claim 1 or claim 2,
wherein the auxiliary input shaft is connected with
the second drive module via a second clutch module.

4. The control program according to claim 3,
wherein a phase of driving the servomotor is control-
led by setting a rotational position of the second drive
module.

5. The control program according to claim 3,
wherein, by driving the first drive module according
to a first driving waveform and by driving the second
drive module according to an oscillatory waveform,
rotation of the servomotor is oscillated according to
the oscillatory waveform centering around a rotation-
al position of the servomotor defined by the first driv-

ing waveform.

6. The control program according to claim 5,
wherein the first driving waveform is a ramp wave,
and a center of rotary oscillation of the servomotor
moves at a constant-angled velocity.

7. The control program according to claim 3,
wherein a driving waveform of the servomotor is off-
set by driving the second drive module in a stepwise
pattern according to a rectangular wave.

8. A control method to manipulate a computer to sim-
ulate behaviors of a virtual mechanical system being
a virtual mechanism and to control synchronized
driving of a plurality of servomotors based on results
of the simulation, the virtual mechanical system com-
prising:

a first drive module;
a first main shaft module connected to the first
drive module; and
a plurality of power transmission subsystems,
each of which is connected to the first main shaft
module and is associated with one of the plural-
ity of servomotors respectively,
wherein each of the power transmission subsys-
tems comprises:

a second drive module;
a differential gear module comprising a
main input shaft, an auxiliary input shaft,
and an output shaft; and
an output module,

characterized in that:

the main input shaft is connected with the
first main shaft module;
the auxiliary input shaft is connected with
the second drive module;
the output shaft is connected with the output
module; and
the servomotor associated with the power
transmission subsystem is driven according
to a simulated result of input into the output
module.

9. A control device to simulate behaviors of a virtual
mechanical system being a virtual mechanism and
control synchronized driving of a plurality of servo-
motors based on results of the simulation, compris-
ing:

a simulation unit configured to simulate the be-
haviors of the virtual mechanical system; and
a drive control unit configured to control driving
of the plurality of servomotors based on the re-
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sults of the simulation,
wherein the virtual mechanical system compris-
es:

a first drive module;
a first main shaft module connected to the
first drive module; and
a plurality of power transmission subsys-
tems, each of which is connected to the first
main shaft module and is associated with
one of the plurality of servomotors respec-
tively,
wherein each of the power transmission
subsystems comprises:

a second drive module;
a differential gear module comprising a
main input shaft, an auxiliary input
shaft, and an output shaft; and
an output module,

characterized in that:

the main input shaft is connected with
the first main shaft module;
the auxiliary input shaft is connected
with the second drive module via a first
clutch module;
the output shaft is connected with the
output module; and
the drive control unit outputs a control
signal to control driving of the servomo-
tor associated with the power transmis-
sion subsystem according to a simulat-
ed

result of input into the output module.

10. A control program to drive a driving unit of a mechan-
ical testing device according to a target waveform
by manipulating a computer to function as:

a target waveform data generating unit to gen-
erate target waveform data indicating the target
waveform; and
a drive command unit to command the driving
unit to operate based on the target waveform
data,
wherein the target waveform data generating
unit and the drive command unit are configured
to operate in parallel.

11. The control program according to claim 10,
wherein the target waveform data generating unit is
configured to read an externally input waveform sig-
nal and convert the waveform signal into the target
waveform data.

12. The control program according to claim 11, wherein:

the target waveform data generating unit com-
prises a plurality of target waveform data gen-
erating units configured to be controllable of driv-
ing a plurality of driving units based on a plurality
of waveform signals, each of the plurality of the
target waveform data generating units being as-
sociated with one of the plurality of waveform
signals; and
the drive command unit comprises a plurality of
drive command units, each of which is associ-
ated with one of the plurality of driving units re-
spectively.

13. A control method to drive a driving unit of a mechan-
ical testing device according to a target waveform,
comprising:

a step to generate target waveform data indicat-
ing the target waveform; and
a step to command the driving unit to operate
based on the target waveform data,
wherein the step to generate the target wave-
form data and the step to command the driving
unit to operate are processed in parallel.

14. A control device to drive a driving unit of a mechanical
testing device according to a target waveform, com-
prising:

a target waveform data generating unit to gen-
erate target waveform data indicating the target
waveform; and
a drive command unit to command the driving
unit to operate based on the target waveform
data,
wherein the target waveform data generating
unit and the drive command unit are configured
to operate in parallel.

15. A control program to drive a driving unit of a mechan-
ical testing device according to a target waveform
by manipulating a computer to function as:

a unit waveform data generating unit to generate
unit waveform data indicating a waveform of one
cycle based on basic waveform definition data
which defines a waveform of one cycle;
a target waveform data generating unit to gen-
erate target waveform data, which is continuous
wave data indicating the target waveform, based
on one or more items of the unit waveform data;
and
a drive command unit to command the driving
unit to operate based on the target waveform
data.
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16. The control program according to claim 15,
wherein the unit waveform data generating unit, the
target waveform data generating unit, and the drive
command unit are configured to operate in parallel.

17. A control method to drive a driving unit of a mechan-
ical testing device according to a target waveform,
comprising:

a step to generate unit waveform data indicating
a waveform of one cycle based on basic wave-
form definition data which defines a waveform
of one cycle;
a step to generate target waveform data, which
is continuous wave data indicating the target
waveform, based on one or more items of the
unit waveform data; and
a step to command the driving unit to operate
based on the target waveform data.

18. A control program to control driving of a servomotor
by manipulating a computer to function as:

a target value generating unit to generate a tar-
get value for a controlling amount;
a correction unit to correct the target value; and
a drive command unit to command the servo-
motor to operate based on the corrected target
value,
wherein the correction unit comprises:

the pulse signal obtaining unit to obtain a
pulse signal from an encoder detecting ro-
tation of the servomotor; and
a phase computing unit to compute a rota-
tional phase of the servomotor based on the
pulse signal; and
a correction value determining unit to deter-
mine a correction value based on the phase,

wherein the correction unit corrects the target
value by adding the correction value to the target
value.

19. The control program according to claim 18,
wherein the correction value determining unit deter-
mines the correction value with reference to a loolcup
table, in which the rotational phase of the servomotor
and the correction value are associated with each
other.

20. A control method to control driving of a servomotor,
comprising:

a step to generate a target value for a controlling
amount;
a step to correct the target value; and
a step to command the servomotor to operate

based on the corrected target value,
wherein the step to correct the target value com-
prises:

a step to obtain a pulse signal from an en-
coder detecting rotation of the servomotor;
a step to compute a rotational phase of the
servomotor based on the pulse signal;
a step to generate a correction value based
on the phase; and
a step to correct the target value by adding
the correction value to the targe tvalue.

21. A control device to control driving of a servomotor,
comprising:

a target value generating unit to generate a tar-
get value for a controlling amount;
a correction unit to correct the target value; and
a drive command unit to command the servo-
motor to operate based on the corrected target
value,
wherein the correction unit comprises:

the pulse signal obtaining unit to obtain a
pulse signal from an encoder detecting ro-
tation of the servomotor;
a phase computing unit to compute a rota-
tional phase of the servomotor based on the
pulse signal; and
a correction value generating unit to gener-
ate a correction value based on the phase,

wherein the correction unit corrects the target
value by adding the correction value to the target
value.

22. A control program to control driving of a plurality of
servomotors by manipulating a computer to function
as:

a plurality of target waveform data generating
units to generate target waveform data; and
a drive command unit to command the driving
unit to operate based on one or a plurality of
items of the target waveform data,
wherein the drive command unit is configured
to, when commanding the driving unit to operate
based on the plurality of items of the target wave-
form data, support driving of the driving unit
based on a waveform composed of the plurality
of items of the target waveform data.

23. A control method to control driving of a plurality of
servomotors, comprising:

a step to generate target waveform data; and
a step to command the driving unit to operate
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based on one or a plurality of items of the target
waveform data,
wherein, in the step to command the driving unit
to operate, when commanding the driving unit
to operate based on the plurality of items of the
target waveform data, driving of the driving unit
based on a waveform composed of the plurality
of items of the target waveform data is com-
manded.
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