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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a vibration type (vibratory wave) driving apparatus for generating vibration
(vibratory wave) in a vibratory body by vibration of piezoelectric element and utilizing the vibration energy to impart
driving force to a moving body. More particularly, the invention concerns control of this vibration type driving apparatus.

Related Background Art

[0002] There are many conventional proposals concerning the control method of such vibration type driving apparatus,
and a typical example is a method for controlling operation speed by changing the frequency or the amplitude of a voltage
signal (drive signal) applied to the piezoelectric element.
[0003] Here, the relationship between the frequency and amplitude of drive signal and the operation (rotation) speed
is as shown in Fig. 12. Namely, there are such characteristics that the rotation speed drops gently on the higher frequency
side but drops steeply on the lower frequency side with respect to the peak of the resonance frequency of the vibrator.
In addition, there are also such characteristics that the rotation speed increases as the amplitude of drive signal increases.
[0004] Incidentally, often used for controlling the speed by change of frequency (hereinafter called frequency speed
control) is a VCO (Voltage-Controlled Oscillator) capable of attaining relatively fine frequency resolution against input
voltage. However, from the aspect of cost, use of digital circuitry (gate array) is more preferred rather than use of analog
circuitry such as the VCO. In the case of the gate array being used, the frequency of clock signal determines the frequency
of drive signal and there is a limit of the clock frequency. Therefore, it is not possible to achieve such high frequency
resolution as that of VCO. As a result, the speed of the vibration type driving apparatus is controlled only stepwise, which
would result in a drawback of easily causing large speed vibrations.
[0005] On the other hand, when the speed is controlled by changing the amplitude (hereinafter called amplitude speed
control), the control can be performed with less speed vibrations as compared with the frequency speed control with
digital circuitry. In order to carry out accurate speed control by the amplitude speed control, it is, however, necessary to
keep the drive frequency constantly set at a frequency higher than and close to the resonance frequency. Since the
resonance frequency varies with change of the environment including the temperature and with change of load, this
method has a drawback that accurate speed control is not easy.
[0006] Under such circumstances, there are proposals of the following techniques. For example, (1) Japanese Laid-
open Patent Applications No. 3-239168 and No. 4-222476 describe such a technique that the vibration frequency of the
vibration type driving apparatus is detected and control is made so as to keep the frequency of drive signal always near
the resonance frequency and that as for the operation speed, the amplitude of drive signal is changed so as to decrease
a difference from a target speed as detecting actual operation speeds. Further, (2) Japanese Laid-open Patent Application
No. 6-237584 describes such a technique of control of the operation speed that upon start only the frequency is changed
to take the operation speed to near the target speed and thereafter only the amplitude of drive signal is controlled. These
techniques as described in the above bulletins enable control with less speed variations by digital circuitry.
[0007] However, the above technique of (1) has a problem of cost increase because of a need for means for detecting
whether the vibration frequency is kept near the resonance frequency, in addition to means for detecting the operation
speed.
[0008] Further, the above technique of (2) has problems that the control becomes complex and that the operation of
the driving apparatus becomes unstable upon changeover because of a need for changeover between the frequency
speed control and the amplitude speed control. Further, the above technique of (2) also has a problem of incapability
of reacting against the change of resonant point of vibrator as described previously, because the drive frequency is fixed
after the real speed becomes close to the target speed.
[0009] US-A-5 459 369 discloses a control apparatus for a travelling wave driven motor.
[0010] JP 06 237584 A discloses a speed control method and a speed controller for an ultrasonic motor.
[0011] JP 04 140077 A discloses drive control of an ultrasonic motor.
[0012] US-A-5 461 273 discloses a method and an apparatus for controlling a moving velocity of an ultrasonic motor.

SUMMARY OF THE INVENTION

[0013] One aspect of the application is to provide a control apparatus of the vibration type driving apparatus that can
be constructed easily and cheaply, that can reduce the speed variations even in use of digital circuitry, and that can
prevent unstable operation due to changeover of control.



EP 0 783 184 B1

3

5

10

15

20

25

30

35

40

45

50

55

[0014] One aspect of the application is to provide a control apparatus of the vibration type driving apparatus arranged
to perform the frequency speed control for controlling the operation speed of the vibration type driving apparatus by
changing the frequency of drive signal of the vibration type driving apparatus and the amplitude speed control for
controlling the operation speed of the vibration type driving apparatus by changing the amplitude of drive signal, wherein
the frequency speed control and amplitude speed control are carried out simultaneously and wherein when the two
speed controls are carried out simultaneously, weights on the both speed controls are changed depending upon a
difference between a real speed and a target speed of the vibration type driving apparatus. Specifically, provided is an
apparatus wherein if the above speed difference is within a predetermined range, the amplitude speed control is mainly
carried out to decrease the speed variations by fine speed control and wherein if the above speed difference is outside
the predetermined range, the frequency speed control is mainly carried out to achieve quick approach of the real speed
to the target speed by rough speed control.
[0015] One aspect of the application is to provide an apparatus wherein upon the above simultaneous execution of
the controls, a control amount by the frequency speed control is set small if the speed difference is within the predetermined
range but is set large if the speed difference is outside the predetermined range and a control amount by the amplitude
speed control is set large if the speed difference is within the predetermined range but is set small if the speed difference
is outside the predetermined range.
[0016] Also provided is an apparatus wherein the control amounts by the above frequency speed control and amplitude
speed control are determined using a table which stores preset control amounts.
[0017] One aspect of the application is to provide an apparatus wherein the above amplitude speed control is replaced
by phase difference speed control in which the operation speed of the vibration type driving apparatus is controlled by
changing a phase difference between (two) driving signals and wherein the frequency speed control and phase difference
speed control are carried out simultaneously. Accordingly, there is provided a vibration type actuator apparatus as set
out in independent claims 1 and 5. Advantageous developments are defined in the dependent claims.
[0018] The other objects of the present invention will become apparent from the description of the embodiments with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Fig. 1 is a block diagram to show the first embodiment of the present invention;
Fig. 2 is a structural drawing of a pulse generator used in the first embodiment;
Fig. 3 is a structural drawing of an amplifier in the first embodiment;
Fig. 4 is a block diagram of a speed detector in the first embodiment;
Fig. 5 is a drawing to show information of a frequency control memory in the first embodiment;
Fig. 6 is a drawing to show information of a pulse width control memory in the first embodiment;
Fig. 7 is a block diagram to show the second embodiment of the present invention;
Fig. 8 is a flowchart for control of the second embodiment of the present invention;
Fig. 9 is a block diagram to show the third embodiment of the present invention;
Figs. 10A, 10B and 10C are drawings to show membership functions in the third embodiment of the present invention;
Figs. 11A, 11B and 11C are drawings to show fuzzy control in the third embodiment; and
Fig. 12 is a drawing to show frequency vs rotation characteristics of a vibration motor.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

(First Embodiment)

[0020] Fig. 1 is a block diagram to show the structure of the control apparatus of the vibration type motor (vibratory
wave driving apparatus) which is the first embodiment of the present invention.
[0021] In Fig. 1, reference numeral 1 designates a pulse generator which outputs two-phase pulses according to input
frequency data and pulse width data. These two-phase pulses are output with a phase difference of 90°. In order to
reduce the cost for circuitry, the pulse generator 1 is composed of digital circuits. Here, the configuration and operation
of the pulse generator 1 will be explained referring to Fig. 2.
[0022] Fig. 2 is a block diagram to show the internal circuitry of the pulse generator 1. In this figure, numeral 8 denotes
a 10-bit counter for determining the period of drive pulse, which performs only down count. In this counter 8, the carry
output becomes high when the count value turns to 0. Since the carry output is connected to the load input, the counter
8 is a ring counter with the period being the drive frequency data.
[0023] Symbols 9a and 9b denote 9-bit counters for determining the pulse width of drive pulse, which perform only
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down count. In these counters 9a, 9b, the pulse width data is loaded when the load input becomes high; the carry output
becomes high when the count value turns to 0. The counter 9a is for A-phase drive while the counter 9b for B-phase drive.
[0024] Numeral 10 represents a 10-bit equal comparator, the output of which becomes high when the count value of
the counter 8 coincides with a value obtained by shifting the frequency data right by two bits, that is, when the counter
8 has counted a quarter of the frequency data.
[0025] Symbols 11a and 11b represent RS flip-flops, which are constructed so that rise and fall of drive pulse can be
determined by S input and R input, respectively. The RS flip-flop 11a is for A-phase and it starts rising with the carry
output of counter 8 and starts falling with the carry output of the counter 9a. Namely, it outputs pulses which have the
period of the frequency data and which become high only for a time according to the pulse width data.
[0026] The RS flip-flop 11b is for B-phase and it starts rising when the output of the equal comparator 10 becomes
high and starts falling with the carry output of the counter 9b. As a result, the RS flip-flop 11b outputs pulses having the
same frequency and same pulse width as those in phase A, but having a phase difference in time of 90°. Since in this
explanation the frequency data is a command value of drive pulse period, an actual frequency is a value proportional to
the reciprocal of the frequency data.
[0027] The present embodiment is arranged so that the phase difference between phase A and phase B is always
constant and the rotation direction of the vibration motor is only one direction in order to simplify the description. However,
if the motor is desired to rotate in the both directions, an unrepresented selector will be used to switch outputs of the RS
flip-flops 11a, 11b depending upon the rotation direction.
[0028] Numeral 2 in Fig. 1 is an amplifier, which has the circuit configuration as shown in Fig. 3, for example. The
amplifier 3 amplifies the pulses output from the pulse generator 1 up to a voltage according to the frequency of the output
pulses and the pulse width thereof.
[0029] Numeral 3 in Fig. 1 designates a traveling-wave type vibration motor, in which the two-phase AC voltages
amplified by the amplifier 3 are applied to piezoelectric elements (not shown) as electro-mechanical energy conversion
elements positioned as shifted by 1/4 λ.
[0030] Numeral 4 in Fig. 1 denotes an encoder for detecting rotation of the vibration motor, and an output shaft of the
vibration motor 3 is attached to a shaft of the encoder 4, so as to detect the above rotation. The encoder 4 outputs pulses
according to the rotation of the vibration motor 3. The pulses from the encoder 4 are input into a speed difference detector 5.
[0031] The speed difference detector 5 detects a difference between the period of the pulses from the encoder 4 and
a target pulse period. Since an output value is detected by pulse period, it is a numerical value proportional to a difference
between the reciprocal of drive speed and the reciprocal of target speed.
[0032] Fig. 4 is a block diagram to show the circuit configuration of the speed difference detector. In Fig. 4, numeral
13 denotes a block for detecting a rising edge, which outputs a signal becoming high during one period of clock with
input of a rising edge of encoder pulse. The rising edge detector 13 is implemented by flip-flop, AND gate, or the like
not shown. Numeral 14 is an 8-bit down counter, which is arranged to be loaded with target speed data corresponding
to the period of encoder pulse as a target when the load input becomes high, to be counted down one by one with the
load data, and to count the time up to a rising edge of next encoder pulse.
[0033] Numeral 15 is a register with enable, which is constructed so that 8-bit input (D[7..0]) is written in the register
when enable input is high and so that a value of the register is held when the enable input is low.
[0034] In the configuration of Fig. 4, when the encoder pulse input turns from the low level to the high level, the data
of 8-bit down counter 14 is loaded at the same time as the value of 8-bit down counter 14 is written in the register 15.
Namely, the value obtained by counting the difference between the period of encoder pulse and the target period by
clock is always updated in the register 15.
[0035] In Fig. 1 symbol 6a is a memory for frequency control and symbol 6b a memory for pulse width control, to each
of which a detection result of the speed difference detector 5 is supplied as an address and each of which outputs data
corresponding thereto in accordance with the input information. Preliminarily written in each memory 6a, 6b is information
about how to control the frequency (memory 6a) or the pulse width (memory 6b) against the input speed (the pulse
period of encoder).
[0036] In Fig. 1 symbol 7a designates an adder for frequency control and symbol 7b an adder for pulse width control.
Each of the adders 7a, 7b holds a preset initial value (holding information) during the off period of drive of the vibration
motor 3. When drive of the vibration motor 3 becomes on, the adder 7a is arranged to add input information from the
frequency control memory 6a to the holding information at certain constant intervals to hold an addition result.
[0037] Outputs from the adders 7a, 7b are supplied as frequency data and as pulse width data to the pulse generator
1. The adders 7a, 7b are constructed in 16-bit configuration. The frequency control adder 7a outputs upper 10 bits of
the addition result to the pulse generator 1 and the pulse width control adder 7b outputs upper 8 bits of the addition
result to the pulse generator 1. This arrangement prevents the frequency and pulse width from changing suddenly.
[0038] The speed of vibration motor 3 is controlled by the configuration as described above, but how to perform the
control is based on the information written in the memories 6a, 6b. A specific control method will be described in detail.
[0039] Fig. 5 is a chart to show plots of the information written in the frequency control memory 6a. The memory 6a
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used herein is one with address of 8 bits and data of 8 bits. In Fig. 5 the abscissa represents the address of the memory
6a or the value obtained from the speed difference detector 5, which is indicated with sign. The ordinate represents data
stored in the memory 6a, or an addition amount of frequency, which is indicated with sign. For example, supposing
control with the target speed of 10 s-1 is carried out with the encoder 4 having the pulse number of 3600 per rotation of
vibration motor 3 and when the clock of the speed difference detector 5 is 3.6 MHz, the target speed data is the value
of 100 obtained by the following equation (1). 

[0040] Therefore, 100 is input as target speed data to the speed difference detector 5. If the drive speed of the vibration
motor 3 is slower than the target, the down count of the speed detector 5 is carried out more than 100, and thus, the
memory 6a outputs a value smaller than 0 (or outputs a negative value). On the other hand, if the drive speed is greater
than the target speed, the memory 6a outputs a value greater than 0 (or outputs a positive value).
[0041] From this, since with a negative value of address the drive speed is smaller than the target speed, the speed
is controlled to the target speed by decreasing the drive frequency or by setting the data to a positive value. Further,
since with a positive value of address the drive speed is greater than the target speed, the speed is controlled to the
target speed by setting the data to a negative value. In the present embodiment correspondence between frequency
and data is made so that the frequency becomes lower with increasing data of the adder 7a.
[0042] In Fig. 5 area A is a region where the address is below -50, i.e., where the drive speed detected is smaller than
the speed 6.6 s-1 obtained by the following equation (2). 

[0043] In Fig. 5, constant data of 100 is output in area A. Area B is a region where the address is between -50 and
-20, i.e., where, using foregoing Eq. (2), the drive speed detected is between 6.6 s-1 and 8.3 s-1. In this case, as shown
in Fig. 5, data proportional to the difference of the encoder pulse period detected is output. Area C is a region where the
drive speed detected is between 8.3 s-1 and 12.5 s-1.
[0044] Also in this case, as in area B, data proportional to the difference of the encoder pulse period detected is output,
but a change rate of data is smaller in this area than in area B. Similarly, a change rate of data in area D (between 12.5
s-1 and 20 s-1) is greater than that in area C, and data of constant value of -100 is output in area E (where the drive
speed is slower than 20 s-1).
[0045] As described above, the change rate of data is changed depending upon the areas, whereby control is effected
in such a way that when the speed difference between the target speed and the drive speed detected is outside the
certain range (or in the areas of A and E), control is made by as large values of data as possible while the operation of
the vibration motor 3 can be prevented from becoming unstable; when the speed difference is within the above range
but is relatively large (or when it is in the areas of B and D), the frequencies are changed largely depending upon the
speed difference; when the speed difference is close to 0 (or when it is in the area of C), the frequencies are changed
slightly depending upon the speed difference.
[0046] Further, Fig. 6 is a drawing to show plots of the information written in the pulse width control memory 6b. In
Fig. 6 the abscissa represents the address (speed information) while the ordinate the data (output) as in Fig. 5. In Fig.
6, areas A to E indicate the same areas as in Fig. 5. In the data configuration as shown in Fig. 6, the pulse width control
memory 6b outputs small constant values in the areas of A, B, D, and E where the control of frequency works strong,
whereas the pulse width control memory 6b outputs large values depending upon the speed difference in the area of C
where the control of frequency does not work so strong. In this example the relation between pulse width and data is
determined in such correspondence that the pulse width increases with increasing data.
[0047] As described above, in executing the control of vibration motor 3, the weighted speed control for mainly per-
forming the control of frequency is carried out when the drive speed of the vibration motor 3 is far from the target speed,
whereby the drive speed quickly approaches the target speed. Once the drive speed of the vibration motor 3 becomes
close to the target speed, the weighted speed control for mainly performing the control of pulse width (voltage amplitude)
is carried out, whereby the speed can be controlled finely without variations.
[0048] Since the frequency control and pulse width control are always carried out simultaneously, the present embod-
iment can prevent the unstable operation of motor due to changeover of control as seen in the conventional technology.
[0049] The present embodiment was described as an example in which the data in areas A and E in Fig. 5 and in the
areas A, B, D, E in Fig. 6 was set at the constant value against each address, but the data in these areas may be
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arranged to vary depending upon the addresses.

(Second Embodiment)

[0050] Fig. 7 is a block diagram to show the structure of a control apparatus of the vibration motor as the second
embodiment of the present invention. Fig. 7 shows the same structure as Fig. 1 except for a microcomputer 16. The
present embodiment is arranged so that the microcomputer 16 performs by software the control that was performed by
hardware of the memories 6a, 6b and adders 7a, 7b in the first embodiment. Fig. 8 is a flowchart to show the flow of the
control executed in the microcomputer 16 of Fig. 7. The constants in the flowchart of Fig. 8 are set so as to effect the
same control as in the first embodiment shown in Fig. 5 and Fig. 6. The control will be explained based on the flowchart.
[0051] At STEP 1 a timer interruption generated every constant time is waited for. Receiving an interruption, the flow
goes to STEP 2.
[0052] At STEP 2, retrieved is a value ∆T corresponding to a difference between the period of encoder pulses obtained
from the speed difference detector 5 and the target period.
[0053] At STEP 3 it is determined whether ∆T retrieved at STEP 2 is smaller than -50. If ∆T < -50 then the flow goes
to STEP 4. In this case, ∆T retrieved at STEP 2 is included in area A in Fig. 5 and Fig. 6 of the first embodiment.
[0054] At STEP 4, F indicates the frequency data, P the pulse width data, and both of them are 16-bit variables. Since
the data is always 100 in the arena of A in Fig. 5, 100 is added to the stored frequency dataO at STEP 4. Since the data
is always 10 in the region of A in Fig. 6, 10 is added to the stored pulse width data. When ∆T ≥ -50 is determined at
STEP 3, the flow goes to STEP 5.
[0055] At STEP 5 it is determined whether ∆T is between -50 inclusive and -20. If -50 ≤ ∆T < -20 then the flow goes
to STEP 6. In this case ∆T retrieved at STEP 2 is included in the area of B in Fig. 5 and Fig. 6. Since in the area of B in
Fig. 5 the data is expressed by a straight line with a slope of -3, ∆T � (-3) is added to the stored frequency data at STEP
6. Since in the area of B of Fig. 6 the data is always 10 similarly as in the area of A, 10 is added to the pulse width data.
If ∆T ≥ -20 then the flow goes to STEP 7.
[0056] At STEP 7 it is determined whether AT is between -20 inclusive and 20 inclusive. If -20 ≤ ∆T ≤ 20 then the flow
proceeds to STEP 8. In this case ∆T retrieved at STEP 2 is included in the area of C in Fig. 5 and Fig. 6.
[0057] At STEP 8 ∆T � (-0.5) is added to the stored frequency data, because in the area of C in Fig. 5 the data is
expressed by a straight line with a slope of -0.5. Since in the area of C of Fig. 6 the data is expressed by a straight line
with a slope of -4, ∆T � (-4) is added to the stored pulse width data. When ∆T > 20, the flow proceeds to STEP 9.
[0058] At STEP 9 it is determined whether AT is between 20 and 50 inclusive. If 20 < ∆T ≤ 50 then the flow proceeds
to STEP 10. In this case ∆T retrieved at STEP 2 is included in area D in Fig. 5 and Fig. 6.
[0059] Since in the area of D in Fig. 5 the data is expressed by a straight line with a slope of -3, ∆T � (-3) is added to
the stored frequency data at STEP 10. Since the data is always -10 in the area of D in Fig. 6, 10 is subtracted from the
stored pulse width data.
[0060] When ∆T > 50 is determined at STEP 9, the flow goes to STEP 11. In this case, ∆T retrieved at STEP 2 is
included in the area of E. Since in the area of E in Fig. 5 the data is always -100, 100 is subtracted from the stored
frequency data. Since in the area of E of Fig. 6 the data is always -10 similarly as in the area of D, 10 is subtracted from
the stored pulse width data.
[0061] The data P of pulse width and the data F of frequency are determined through the steps described above. At
STEP 12, similarly as in the adders 7a, 7b of Fig. 1, upper ten bits out of sixteen bits as to the frequency data and upper
eight bits out of sixteen bits as to the pulse width data are output to the pulse generator 1.
[0062] At STEP 13 the interruption is ended and a next timer interruption is waited for.
[0063] The above relation between frequency data F and frequency is determined so that the frequency becomes
lower with increasing data F, and the data P and pulse width are associated so that the pulse width increases with
increasing P.
[0064] By performing the control of the vibration motor in the above procedures, the same effects as in the first
embodiment of the present invention can also be achieved by software.

(Third Embodiment)

[0065] Fig. 9 is a block diagram to show the structure of a control apparatus of the vibration motor as the third
embodiment of the present invention. In Fig. 9, the structure is the same as in Fig. 1 to show the first embodiment of the
present invention, except for a fuzzy controller 17. In Fig. 9, the fuzzy controller 17 may be constructed by either software
or hardware. The function of the fuzzy controller will be explained below.
[0066] The fuzzy controller is, as well known, a controller for analyzing input information with ambiguity like human
thinking and outputting values obtained as a result of the analysis. In the present embodiment, input to the fuzzy controller
17 is two inputs of the data obtained from the speed difference detector 5 and the target speed data. Further, the output
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data is data outputs to the respective adders 7a, 7b for frequency and for pulse width.
[0067] For execution of fuzzy control it is necessary to set some if-then rules. The vibration motor 3 has such char-
acteristics that the rotation speed abruptly decreases after the peak of rotation speed as shown in Fig. 12. With a large
target speed of the vibration motor 3, a large change of frequency will make the driving state unstable. It is thus necessary
to keep the change of frequency not too large for fast target speeds. Since with slow target speeds the slope of speed
against frequency becomes gentle, the frequency control can effect smooth speed control to some extent and thus, the
pulse width control does not have to function so much.
[0068] The first and second embodiments of the present invention as described above are directed to the control to
the target speed of 10 s-1. Therefore, for different target speeds, it is necessary to set more suitable feedback gains.
The present embodiment is directed to control ready for a wide range of speeds by using the fuzzy controller 17 to set
both the rules concerning the first and second embodiments and the rules for the target speeds.
[0069] The following rules are set in order to realize the control method in the present invention.

[0070] The above table shows how to change the frequency and pulse width against the target speed and speed
difference input. Five states of "negatively large," "negatively small," "nearly 0," "positively small," and "positively large"
were set as input states of speed difference. Further, two states of "fast" and "slow" were set for the target speeds. Two
rows in each cell of the table indicate outputs, wherein the upper row represents the output to the frequency control
adder 7a and the lower row the output to the pulse width control adder 7b. Seven states of "decrease largely," "decrease,"
"decrease slightly," "maintain," "increase slightly," "increase," and "increase largely" were set as states of the outputs.
In the above table, for example, at an intersecting portion between "negatively small" of speed difference input and "fast"
of target speed, the if-then rule is determined as follows:
[0071] "if the speed difference input is negatively small and if the target speed is fast, then increase the frequency
data slightly and increase the pulse width data largely."
[0072] Here the frequency data is increased. Since the frequency data in the pulse generator 1 is a value corresponding
to the period of drive frequency, increase of the frequency data will result in decreasing the frequency, that is, increasing
the speed of vibration motor 3. The above table shows the rules for the inputs of all combinations.
[0073] For performing fuzzy control, it is necessary to define membership functions indicating how to handle input
data and output data. Figs. 10A, 10B and 10C show membership functions for speed difference input, target speed, and
output, respectively. Since there are the five states set for the speed difference input, the five states are also expressed
in the membership functions.
[0074] In Fig. 10A, the abscissa represents the input data from the speed difference detector 5 and the ordinate
represents likelihood or certainty of each state by numeral between 0 and 1. For example, the state of "positively small"
takes the maximum likelihood of 1 at the input data of 20 and decreases on either side of 20. Further, the state of
"negatively large" gradually increases its likelihood from the input data -20 to -50 and always takes the maximum likelihood
of 1 with input data smaller than -50.
[0075] Fig. 10B shows the membership functions for the target speed data, in which the abscissa represents data
obtained when the clock of the speed detector counts cycles of pulses from the encoder for a target speed. Therefore,
the smaller the value, the faster the target speed.
[0076] Fig. 10C shows the membership functions for the output. In this example the frequency control and pulse width
control both use these membership functions. However, depending upon the circumstances, the membership functions
for the frequency control and for the pulse width control may be set independently. The membership functions set with
ambiguity those obtained from experience depending upon the type of motor used, a load on the vibration motor, and so on.
[0077] The method of control is next explained. In the fuzzy control, input information is set, it is determined how it is
certain against input of the rule, and each output is weighted depending upon a degree of likelihood determined. A
determination value of output is obtained by superposition of the weighted outputs. It will be described in detail using
an example.
[0078] Fig. 11A shows one rule, "if the speed difference input is negatively large and if the target speed is fast then

TABLE

Input of speed difference

Target speed

negatively large negatively small nearly 0 positive ly small positive ly large

slow
increase largely increase maint tain decrease decrease largely
increase slightly increase maint tain decrease decrease slightly

fast
increase largely increase slightly maintn decrease slightly decrease largely
increase slightly increase largely maintn decrease largely decrease slightly
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the frequency data is increased largely," among the set rules concerning the frequency control, in which the two left
graphs show the membership functions concerning the inputs (the antecedent part) and the right graph is the membership
function concerning the output (the consequent part).
[0079] First, it is obtained what likelihood the inputs have for the antecedent part. Here, let us suppose that the speed
difference data input is -30 and the target speed data is 100. From Figs. 11A, 11B and 11C at the speed difference input
of -30 "negatively large" seems certain in the degree of 0.33 and at the target speed of 100 "fast" seems certain in the
degree of 0.5. The smaller of the two degrees obtained is used for weighting of the consequent part. Specifically, a
shape obtained by cutting the membership function of the consequent part at 0.33 (the hatched portion of the consequent
part) is determined as an inference result of this rule.
[0080] Fig. 11B shows another rule, "if the speed difference input is negatively small and if the target speed is slow
then the frequency data is increased." In the same way as in Fig. 11A the hatched portion of the consequent part is
obtained as an inference result. Based on this technique, inference is made for the all pertinent rules.
[0081] Fig. 11C shows superposition of the inference results of the respective rules. A value finally output to the
frequency adder 7a is obtained by taking the center of gravity of Fig. 11C. In this example the value of 58 is output.
[0082] As for the pulse width control, a value output to the pulse width adder 7b is determined by the same technique.
Then weighted control of the speed of vibration motor 3 is carried out according to the determined values output to the
frequency adder 7a and to the pulse width adder 7b.
[0083] Since it is found that the same effects as in the pulse width control can be achieved by changing a phase
difference between two-phase signals applied to the vibration motor, the phase difference control may be employed
instead of the pulse width control of the present embodiment. The control data in this case is also set in the same manner
as the data of the pulse width control shown in Fig. 6.
[0084] The present invention can be applied in combination of the above embodiments and modifications thereof, or
technical elements thereof with necessity.
[0085] The present invention concerns a control apparatus of a vibration motor. In this apparatus, according to one
aspect of the invention, the speed of the vibration motor is controlled by simultaneously changing the frequency and the
amplitude of signals applied thereto, and a contribution rate to a change of speed by a change of the frequency and a
contribution rate to a change of speed by a change of the amplitude are changed based on a difference between a target
speed and a present speed, thereby performing adjustment of the speed of the vibration motor with good controllability.

Claims

1. A vibration type actuator apparatus arranged to apply a cyclic signal to an electro-mechanical energy conversion
element to vibrate a vibrating member to obtain driving force, comprising
a frequency changing circuit (6a, 7a) for changing the frequency of said cyclic signal in accordance with a control
signal, and
an amplitude changing circuit (6b, 7b) for changing the amplitude of said cyclic signal in accordance with said control
signal,
wherein said control signal is information concerning a difference between a target value indicating a target drive
state and an actual value indicating an actual drive state of the actuator apparatus, and
an adjusting circuit for changing in accordance with said control signal simultaneously the frequency by the frequency
changing circuit and the amplitude by said amplitude changing circuit, thereby changing the drive state of the actuator
apparatus,
characterized in that
said adjusting circuit is arranged to adjust, in accordance with said control signal, the relation between the change
amount of the frequency and the change amount of the amplitude.

2. The apparatus according to Claim 1, wherein said adjusting circuit makes said change amount of the amplitude
greater than the change amount of the frequency when said difference between the target value and the actual
value is within a predetermined range.

3. The apparatus according to Claim 1, wherein said adjusting circuit makes a control amount of drive state by changing
the amplitude greater than a control amount of drive state by changing the frequency when said difference between
the target value and the actual value is within a predetermined range.

4. The apparatus according to Claim 1, wherein said target value is a target speed value and the actual value is a
present speed value.
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5. A vibration type actuator apparatus arranged to apply cyclic signals with different phases to a first electro-mechanical
energy conversion element portion and to a second electro-mechanical energy conversion element portion to vibrate
a vibrating member to obtain driving force, comprising
a frequency changing circuit (6a, 7a) for changing the frequencies of said cyclic signals in accordance with a control
signal,
a phase changing circuit (6b, 7b) for changing the phases of said cyclic signals in accordance with said control signal,
wherein said control signal is information concerning a difference between a target value indicating a target drive
state and an actual value indicating an actual drive state of the actuator apparatus, and
an adjusting circuit for changing in accordance with said control signal simultaneously the frequency by the frequency
changing circuit and the phase by said phase changing circuit, thereby changing the drive state of the actuator
apparatus,
characterized in that
said adjusting circuit is arranged to adjust, in accordance with said control signal, the relation between the change
amount of the frequency and the change amount of the phase.

6. The apparatus according to Claim 5, wherein said adjusting circuit makes said change amount of the phases greater
than the change amount of the frequencies when said difference between the target value and the actual value is
within a predetermined range.

7. The apparatus according to Claim 5, wherein said adjusting circuit makes a control amount of drive state by changing
the phases greater than a control amount of drive state by changing the frequencies when said difference between
the target value and the actual value is within a predetermined range.

8. The apparatus according to Claim 7, wherein said target value is a target speed value and the actual value is a
present speed value.

Patentansprüche

1. Schwingungstyp-Stellgliedvorrichtung, die eingerichtet ist, um einem elektromechanischen Energieumwandlungs-
element ein zyklisches Signal zuzuführen, um ein Schwingelement zu schwingen, um eine Antriebskraft zu erhalten,
mit:

einer Frequenzänderungsschaltung (6a, 7a) zum Ändern der Frequenz des zyklischen Signals gemäß einem
Steuersignal, und
einer Amplitudenänderungsschaltung (6b, 7b) zum Ändern der Amplitude des zyklischen Signals gemäß dem
Steuersignal,
wobei das Steuersignal Informationen bezüglich eines Unterschieds zwischen einem Zielwert, der einen Ziel-
antriebszustand anzeigt, und einem tatsächlichen Wert, der einen tatsächlichen Antriebszustand der Stellglied-
vorrichtung anzeigt, darstellt, und
einer Anpassungsschaltung zum simultanen Ändern der Frequenz durch die Frequenzänderungsschaltung und
der Amplitude durch die Amplitudenänderungsschaltung gemäß dem Steuersignal, wodurch der Antriebszu-
stand der Stellgliedvorrichtung geändert wird,
dadurch gekennzeichnet, dass
die Anpassungsschaltung eingerichtet ist, um gemäß dem Steuersignal die Beziehung zwischen dem Ände-
rungsbetrag der Frequenz und dem Änderungsbetrag der Amplitude anzupassen.

2. Vorrichtung nach Anspruch 1, wobei die Anpassungsschaltung den Änderungsbetrag der Amplitude größer als den
Änderungsbetrag der Frequenz macht, wenn der Unterschied zwischen dem Zielwert und dem tatsächlichen Wert
innerhalb eines vorbestimmten Bereichs liegt.

3. Vorrichtung nach Anspruch 1, wobei die Anpassungsschaltung einen Steuerbetrag eines Antriebszustands durch
Ändern der Amplitude größer als einen Steuerbetrag eines Antriebszustands durch Ändern der Frequenz macht,
wenn der Unterschied zwischen dem Zielwert und dem tatsächlichen Wert innerhalb eines vorbestimmten Bereichs
liegt.

4. Vorrichtung nach Anspruch 1, wobei der Zielwert einen Zielgeschwindigkeitswert darstellt und der tatsächliche Wert
einen gegenwärtigen Geschwindigkeitswert darstellt.
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5. Schwingungstyp-Stellgliedvorrichtung, die eingerichtet ist, um einem ersten elektromechanischen Energieumwand-
lungselementabschnitt und einem zweiten elektromechanischen Energieumwandlungselementabschnitt zyklische
Signale mit unterschiedlichen Phasen zuzuführen, um ein Schwingelement zu schwingen, um eine Antriebskraft zu
erhalten, mit:

einer Frequenzänderungsschaltung (6a, 7a) zum Ändern der Frequenzen der zyklischen Signale gemäß einem
Steuersignal,
einer Phasenänderungsschaltung (6b, 7b) zum Ändern der Phasen der zyklischen Signale gemäß dem Steu-
ersignal,
wobei das Steuersignal Informationen bezüglich eines Unterschieds zwischen einem Zielwert, der einen Ziel-
antriebszustand anzeigt, und einem tatsächlichen Wert, der einen tatsächlichen Antriebszustand der Stellglied-
vorrichtung anzeigt, darstellt, und
einer Anpassungsschaltung zum simultanen Ändern der Frequenz durch die Frequenzänderungsschaltung und
der Phase durch die Phasenänderungsschaltung gemäß dem Steuersignal, wodurch der Antriebszustand der
Stellgliedvorrichtung geändert wird,
dadurch gekennzeichnet, dass
die Anpassungsschaltung eingerichtet ist, um gemäß dem Steuersignal die Beziehung zwischen dem Ände-
rungsbetrag der Frequenz und dem Änderungsbetrag der Phase anzupassen.

6. Vorrichtung nach Anspruch 5, wobei die Anpassungsschaltung den Änderungsbetrag der Phasen größer als den
Änderungsbetrag der Frequenzen macht, wenn der Unterschied zwischen dem Zielwert und dem tatsächlichen
Wert innerhalb eines vorbestimmten Bereichs liegt.

7. Vorrichtung nach Anspruch 5, wobei die Anpassungsschaltung einen Steuerbetrag eines Antriebszustands durch
Ändern der Phasen größer als einen Steuerbetrag eines Antriebszustands durch Ändern der Frequenzen macht,
wenn der Unterschied zwischen dem Zielwert und dem tatsächlichen Wert innerhalb eines vorbestimmten Bereichs
liegt.

8. Vorrichtung nach Anspruch 7, wobei der Zielwert einen Zielgeschwindigkeitswert darstellt und der tatsächliche Wert
einen gegenwärtigen Geschwindigkeitswert darstellt.

Revendications

1. Dispositif actionneur du type à vibration agencé pour appliquer un signal cyclique à un élément de conversion
d’énergie électrique en énergie mécanique pour faire vibrer un organe vibrant pour obtenir une force d’entraînement,
comprenant :

un circuit (6a, 7a) de changement de fréquence destiné à changer la fréquence dudit signal cyclique en fonction
d’un signal de commande ; et
un circuit (6b, 7b) de changement d’amplitude destiné à changer l’amplitude dudit signal cyclique en fonction
dudit signal de commande,
dans lequel ledit signal de commande est une information concernant une différence entre une valeur cible
indiquant un état d’entraînement cible et une valeur réelle indiquant un état d’entraînement réel du dispositif
actionneur ; et
un circuit d’ajustement destiné à changer, en fonction dudit signal de commande, en même temps la fréquence
à l’aide du circuit de changement de fréquence et l’amplitude à l’aide du circuit de changement d’amplitude, en
changeant ainsi l’état d’entraînement du dispositif actionneur,
caractérisé en ce que ledit circuit d’ajustement est agencé pour ajuster, en fonction dudit signal de commande,
la relation entre l’importance de changement de la fréquence et l’importance de changement de l’amplitude.

2. Dispositif selon la revendication 1, dans lequel ledit circuit d’ajustement rend ladite importance de changement de
l’amplitude plus grande que l’importance de changement de la fréquence lorsque ladite différence entre la valeur
cible et la valeur réelle est à l’intérieur d’une plage prédéterminée.

3. Dispositif selon la revendication 1, dans lequel ledit circuit d’ajustement rend l’importance de commande de l’état
d’entraînement par changement de l’amplitude plus grande que l’importance de commande de l’état d’entraînement
par changement de la fréquence lorsque ladite différence entre la valeur cible et la valeur réelle est à l’intérieur
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d’une plage prédéterminée.

4. Dispositif selon la revendication 1, dans lequel ladite valeur cible est une valeur cible de vitesse et la valeur réelle
est une valeur actuelle de vitesse.

5. Dispositif actionneur du type à vibration agencé pour appliquer des signaux cycliques avec des phases différentes
à une première partie d’élément de conversion d’énergie électrique en énergie mécanique et à une seconde partie
d’élément de conversion d’énergie électrique en énergie mécanique pour faire vibrer un organe vibrant pour obtenir
une force d’entraînement, comprenant :

un circuit (6a, 7a) de changement de fréquences destiné à changer les fréquences desdits signaux cycliques
en fonction d’un signal de commande ; et
un circuit (6b, 7b) de changement de phases destiné à changer les phases desdits signaux cycliques en fonction
dudit signal de commande,
dans lequel ledit signal de commande est une information concernant une différence entre une valeur cible
indiquant un état d’entraînement cible et une valeur réelle indiquant un état d’entraînement réel du dispositif
actionneur ; et
un circuit d’ajustement destiné à changer, en fonction dudit signal de commande, en même temps la fréquence
à l’aide du circuit de changement de fréquences et la phase à l’aide du circuit de changement de phases, en
changeant ainsi l’état d’entraînement du dispositif actionneur,
caractérisé en ce que ledit circuit d’ajustement est agencé pour ajuster, en fonction dudit signal de commande,
la relation entre l’importance de changement de la fréquence et l’importance de changement de la phase.

6. Dispositif selon la revendication 5, dans lequel ledit circuit d’ajustement rend ladite importance de changement des
phases plus grande que l’importance de changement des fréquences lorsque ladite différence entre la valeur cible
et la valeur réelle est à l’intérieur d’une plage prédéterminée.

7. Dispositif selon la revendication 5, dans lequel ledit circuit d’ajustement rend l’importance de commande de l’état
d’entraînement par changement des phases plus grande que l’importance de commande de l’état d’entraînement
par changement des fréquences lorsque ladite différence entre la valeur cible et la valeur réelle est à l’intérieur
d’une plage prédéterminée.

8. Dispositif selon la revendication 7, dans lequel ladite valeur cible est une valeur cible de vitesse et la valeur réelle
est une valeur actuelle de vitesse.
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