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CONTROL MECHANISM WITH ACTUATOR 
EMPLOYING SHAPE MEMORY ALLOY AND 

METHOD FOR ADJUSTING SERVO CONTROL OF 
THE CONTROL MECHANISM 

[0001] This application is based upon application Nos. 
2000-81993, 2000-82000, 2000-88374 and 2000-88380 
?led in Japan, the contents of Which are hereby incorporated 
by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a control mecha 
nism having an actuator Which employs a shape memory 
alloy, and relates to a method for adjusting its servo control 
of the control mechanism. 

[0004] 2. Description of the Related Arts 

[0005] In recent years, there has been a growing demand 
and necessity of a miniature mechanism for controlling a 
position of a driven member to be moved, Which can be 
employed for a compensation mechanism to correct any 
blurred image caused by a camera shake of a lens shutter 
camera, for example. In order to satisfy such a demand and 
necessity, there is proposed an actuator Which makes use of 
a shape memory alloy (or SMA) and a spring. As a method 
for controlling the actuator Which makes use of the shape 
memory alloy, there has been proposed an on/off controlling 
method only, in Which it is employed as a sWitch. On the 
other hand, a “System and Control, Vol. 29, No. 5: Kuriba 
yashi, 1985” discloses mathematical models of control ele 
ments employing the shape memory alloy, and it discloses a 
PID control. HoWever, it does not disclose any concrete 
technique thereof. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, it is an object of the present invention 
to provide a control mechanism for controlling position of a 
driven member by employing an actuator Which makes use 
of the shape memory alloy. 

[0007] It is another object of the present invention to 
provide the control mechanism having the actuator Which is 
simple in construction and compact in siZe. 

[0008] It is still another object of the present invention to 
provide a method for adjusting servo control of the control 
mechanism, in Which a driving condition of the control 
mechanism is stabiliZed, and in Which error in the servo 
control is small (i.e. accuracy in the servo control is high). 

[0009] In accomplishing these and other objects of the 
present invention, according to one aspect thereof, there is 
provided a control mechanism comprising: a shape memory 
alloy Which memoriZes a predetermined dimension thereof; 
a biasing device for exerting a biasing force on the shape 
memory alloy and for changing dimension of the shape 
memory alloy, Wherein the shape memory alloy and the 
biasing device constitute an actuator for moving a driven 
member Which is driven by the actuator, and Wherein the 
driven member is controlled to move in a ?rst direction in 
Which the shape memory alloy returns to the predetermined 
dimension and in a second direction in Which the biasing 
means changes the dimension of the shape memory alloy, so 
as to control a position of the driven member, by the 
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actuator; an operation means for performing an operation 
repeatedly on a basis of information upon a target position 
and an actual position (or then position or existing position) 
of the driven member, and for calculating a voltage to be 
supplied to the shape memory alloy; and a voltage supplier 
having a limiting circuit for supplying the voltage, calcu 
lated by the operation means, to the shape memory alloy, 
only When the driven member is moved in the ?rst direction, 
on a basis of a result of the operation performed by the 
operation means. 

[0010] In the mechanism, preferably, the biasing device is 
a spring such as a bias spring. 

[0011] In the mechanism, the ?rst direction and the second 
direction may be opposite to each other. 

[0012] According to the mechanism, the limiting circuit of 
the voltage supplier limits, or stops, the supply of the 
voltage, gained by the operation (or calculation) of the 
operation means, to the shape memory alloy, When the 
driven member should be moved in the second direction, on 
a basis of a result of the operation performed by the 
operation means. By the Way, the operation performed by the 
operation means includes not only the operation (or calcu 
lation) of the voltage to be supplied to the shape memory 
alloy, but also the operation (or calculation) of the voltage 
corresponding to an electric current to be supplied to the 
shape memory alloy. 

[0013] In the mechanism, only When the driven member 
should be moved in the ?rst direction, the voltage is supplied 
to the shape memory alloy. As a result, the driven member 
is moved toWard the target position. On the other hand, When 
the driven member should be moved in the second direction, 
if the result of the operation performed by the operation 
means becomes negative, the supply of the voltage to the 
shape memory alloy is prevented by the limiting circuit of 
the voltage supplier and thus the driven member is not 
further driven, nor moved. Namely, With this function, a 
Wrong control is surely prevented, and the driven member is 
moved toWards the target position by the biasing force 
exerted by the biasing device. 

[0014] Therefore, according to the arrangement, the con 
trol mechanism for controlling the position of the driven 
member by employing the actuator Which makes use of the 
shape memory alloy is provided 

[0015] Also, according to the arrangement, because the 
actuator is constituted by the shape memory alloy and the 
biasing means such as the spring, the actuator itself becomes 
simple in construction and compact in siZe. Therefore, the 
control mechanism having the actuator also becomes simple 
in construction and compact in siZe. 

[0016] In the mechanism, it is preferable that the limiting 
circuit of the voltage supplier puts a limit With respect to a 
?nal output of the operation means. 

[0017] According to another aspect of the present inven 
tion, there is provided a control mechanism comprising: a 
shape memory alloy Which memoriZes a predetermined 
dimension thereof; a biasing device for exerting a biasing 
force on the shape memory alloy and for changing dimen 
sion of the shape memory alloy, Wherein the shape memory 
alloy and the biasing device constitute an actuator for 
moving a driven member Which is driven by the actuator, 
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and wherein the driven member is controlled to move in a 
?rst direction in Which the shape memory alloy returns to the 
predetermined dimension and in a second direction in Which 
the biasing means changes the dimension of the shape 
memory alloy, so as to control a position of the driven 
member, by the actuator; an operation means for performing 
an operation repeatedly on a basis of information upon a 
target position and an actual position of the driven member, 
and for calculating a voltage to be supplied to the shape 
memory alloy; and a voltage supplier having a limiting 
circuit for limiting a supply of the voltage, calculated by the 
operation means, to the shape memory alloy, When the 
driven member is moved in the second direction, on a basis 
of a result of the operation performed by the operation 
means. 

[0018] According to still another aspect of the present 
invention, there is provided a control mechanism for con 
trolling a position of a driven member in a ?rst direction and 
in a second direction by an actuator, the control mechanism 
comprising: a target position determination means for deter 
mining a target position to Which the driven member is to be 
moved; an actual position detection means for detecting an 
actual position of the driven member; and a control output 
operation means for calculating a control output With a 
phase being led (or With a phase being forWarded or With a 
phase being fast) by executing an operation Which includes 
a differential calculus executed tWice relative to a difference 
betWeen the target position and the actual position. 

[0019] By executing the operation including the differen 
tial calculus executed tWice, or more than tWice, relative to 
the difference betWeen the target position and the actual 
position, it is possible to compensate a phase by 180° or 
more. As a result, a control With higher response is realiZed. 

[0020] In the above mechanism, the actuator can be con 
stituted by: a shape memory alloy Which memoriZes a 
predetermined dimension thereof; and a biasing device for 
exerting a biasing force on the shape memory alloy and for 
changing dimension of the shape memory alloy. 

[0021] 
a spring. 

In the mechanism, preferably, the biasing device is 

[0022] Alternatively, the actuator can be constituted by a 
pair of shape memory alloys one ends of Which are con 
nected to each other. 

[0023] By the Way, an output value (value of voltage, for 
example) calculated by the control output operation means 
is outputted to an driver for the actuator, on the basis of 
Which the actuator is driven by the driver. 

[0024] As an embodiment of the control output operation 
means for executing the operation Which includes the dif 
ferential calculus executed tWice, the control output opera 
tion means can execute a PDD control. 

[0025] The PDD control is a control by proportion (or 
proportional operation), differential calculus and differential 
calculus. Physically, the PDD control is of a control opera 
tion (or control calculation) carried out in vieW of the 
positional difference betWeen the target position and the 
actual position, the difference in speed (or velocity), and the 
difference in acceleration. 

[0026] Although the driven member is not particularly 
limited, the driven member, for example, can be an optical 
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system for compensating a shake, caused by a manual 
operation, of an optical apparatus in Which the control 
mechanism is provided. 

[0027] According to still another aspect of the present 
invention, there is provided a control mechanism for con 
trolling a position of a driven member in a ?rst direction and 
in a second direction by an actuator, the control mechanism 
comprising: a target value determination means for deter 
mining a target value With Which the driven member is to be 
moved; an actual value detection means for detecting an 
actual value of the driven member; and a control output 
operation means for calculating an optimal control output by 
executing leading compensations more than once relative to 
a difference betWeen the target value and the actual value. 

[0028] In the mechanism, the position of the driven mem 
ber is controlled on the basis of the positional difference 
betWeen the target position and the actual position, the 
difference in speed (or velocity), the difference in accelera 
tion. 

[0029] According to still another aspect of the present 
invention, there is provided a control mechanism compris 
ing: a shape memory alloy Which memoriZes a predeter 
mined dimension thereof; a biasing device for exerting a 
biasing force on the shape memory alloy and for changing 
dimension of the shape memory alloy, Wherein the shape 
memory alloy and the biasing device constitute an actuator 
for moving a driven member Which is driven by the actuator, 
and Wherein the driven member is controlled to move in a 
?rst direction in Which the shape memory alloy returns to the 
predetermined dimension and in a second direction in Which 
the biasing means changes the dimension of the shape 
memory alloy, so as to control a position of the driven 
member, by the actuator; a target position determination 
means for determining a target position to Which the driven 
member is to be moved; an actual position detection means 
for detecting an actual position of the driven member; a 
control output operation means for calculating a control 
output by executing an operation relative to a difference 
betWeen the target position and the actual position; and a 
compensation means for restraining heating of the shape 
memory alloy With respect to a result of the operation 
executed by the control output operation means in order to 
stabiliZe a drive control of the actuator. 

[0030] In the mechanism, a spring such as a bias spring 
can be employed. 

[0031] According to the mechanism, the shape memory 
alloy is prevented from rather overheating by the compen 
sation means, so that the driving characteristic (or driving 
property) of the actuator is stabiliZed. 

[0032] By the Way, the output value (value of voltage, for 
example) Which is calculated by the control output operation 
means and Which is compensated (or corrected) by the 
compensation means, is outputted to the driver for the 
actuator, on the basis of Which the driver actually drives the 
actuator. 

[0033] According to still another aspect of the present 
invention, there is provided a control mechanism compris 
ing: a shape memory alloy Which memoriZes a predeter 
mined dimension thereof; a biasing device for exerting a 
biasing force on the shape memory alloy and for changing 
dimension of the shape memory alloy, Wherein the shape 






















