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(57) ABSTRACT 

A laser pointing apparatus for pointing a laser beam on a 
predetermined position, the apparatus comprising: a mirror 
extending on a X-Y plane for reflecting the laser beam; a 
mirror holder having a mirror holder main body and at least 
three arms extending outwardly from the mirror holder main 
body; an elastic Support mechanism for Supporting the 
mirror holder main body according to the displacement of 
the mirror holder around a point on a Z axis passing through 
the center of the mirror and vertically intersecting the X-Y 
plane; a base for Supporting the elastic Support mechanism; 
coil magnets arranged on the respective arms So as to 
generate a line of magnetic force in the Z axis direction; and 
permanent magnets provided on the base facing the corre 
Sponding coil magnets So as to generate a line of magnetic 
force in the Z axis direction, wherein a magnetic force 
generated by interaction between the permanent magnets 
and the coil magnets Supports the mirror holder in Such a 
manner that the mirror holder can be translated in the Z axis 
direction and also rotated around the mirror center. 
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LASER PONTINGAPPARATUS AND 
ON-FULCRUM MOVEMENT DRIVE APPARATUS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a laser pointing 
apparatus and in particular, to a laser pointing apparatus 
having a Small size and Small weight and capable of con 
trolling a high-accuracy positioning. Moreover, the present 
invention relates to an on-fulcrum movement drive appara 
tus for use in the laser pointing apparatus and an antenna and 
a mirror which are located in an outer Space. 
0003 2. Description of the Related Art 
0004. A Firstly, explanation will be given on a conven 
tional laser pointing apparatus. 
0005. A laser beam machining apparatus and a laser 
display apparatus, a laser Scan apparatus, and the like, in 
general, employ a laser pointing apparatus for controlling a 
laser beam emission angle or a laser beam incident angle. 
0006. In most of the conventional laser pointing appara 
tuses, two mirrors are used in combination for Scanning a 
two-dimensional plane with a laser beam. However, there is 
a strong desire for reduction in the apparatus Size and 
production cost as well as for simplification of a procedure 
for optical axis matching and positioning. 

0007. In order to satisfy these requirements, for example, 
Japanese Patent Publication (Unexamined) A-7-185866 dis 
closes an apparatus including a Single mirror, a rotary 
Support member which can rotate around a normal axis of 
the mirror, and a mirror positioning mechanism Supported 
by the Support member. In this apparatus, a two-dimensional 
plane can be Scanned by a laser beam using the Single mirror. 
0008 Hereinafter, explanation will be given on some 
examples of conventional laser pointing apparatus with 
reference to the attached drawings. 

0009 FIG. 21 is a side cross sectional view of a con 
ventional laser pointing apparatus including: a mirror 101; 
an electromagnetic exciter 105 for moving the mirror 101; a 
rotary support member 106 for supporting the mirror 101 
and the electromagnetic exciter 105; and a motor rotating the 
rotary support body 106. 

0010) The mirror 101 can be deflected around the Z axis 
by rotation of the rotary support member 106 driven by the 
motor 109 and also deflected around the oscillation center 
103. This enables a laser beam to scan any position on a 
two-dimensional plane with the Single mirror. 

0.011) B Next, explanation will be given on a conven 
tional on-fulcrum movement drive apparatus. 

0012. An antenna mounted on an artificial satellite or 
other space object is positioned by an on-fulcrum movement 
drive apparatus So as to assure a preferable communication 
with an earth station. The on-fulcrum movement drive 
apparatus moves the antenna around the X axis and Y axis 
which vertically intersects the X axis. Conventionally, this 
positioning around two axes has been effectuated by using a 
Support mechanism having two bearings arranged vertical to 
each other. Moreover, this type of on-fulcrum movement 
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drive apparatus is employed not only for an antenna but also 
for positioning a mirror and driving a positioning table. 
0013 In general, for the apparatuses to be mounted on an 
artificial Satellite, there is a Strong requirement for reduction 
in size and weight. The on-fulcrum movement drive appa 
ratus has also been improved in various ways to Satisfy the 
aforementioned requirement. For example, Japanese Patent 
Publication (Unexamined) A-53-34499 discloses an on 
fulcrum movement drive apparatus in which an object to be 
driven is Supported at a Single point of a Spherical bearing. 

0014 FIG. 22 is a cross sectional view of such a con 
ventional on-fulcrum movement drive apparatus. The on 
fulcrum movement drive apparatus shown in FIG. 22 
includes: an antenna 301 as an object to be positioned; a 
Spherical bearing 302 for movably Supporting the antenna 
301; a piston 303 for driving the antenna 301; a linear motor 
304 for driving the piston 303; a sensor 305 for detecting 
displacement of the linear motor 304; and a spring 306 for 
pushing the antenna 301 toward the piston 303. 
0015 According to a detection result of displacement 
detected by the sensor 305, the linear motor 304 drives the 
piston 303 and the antenna 301 is moved around the spheri 
cal bearing 302 as a fulcrum. 
0016 Although not depicted, another set of a piston, a 
linear motor, and a Sensor is arranged in a direction verti 
cally intersecting the drive direction of the piston 303. Thus 
it is possible to obtain a movement around two axes. 
0.017. However, the conventional laser pointing apparatus 
and the conventional on-fulcrum movement drive apparatus 
have following problems. 
0018) A Firstly, explanation will be given on the prob 
lems involved in the conventional laser pointing apparatus. 
0019. The first problem is that the conventional laser 
pointing apparatus is too large in size because it employs an 
electromagnetic exciter and a motor having a large Volume. 
0020. The second problem is that the apparatus is too 
heavy because the rotary Support member requires a com 
paratively high Support Strength and becomes heavy. 
Accordingly, the motor for driving the rotary Support mem 
ber also becomes heavy. 
0021. The third problem is that a large power consump 
tion is required. This is because rotation of the mirror around 
the normal requires rotation of not only the mirror but also 
the large-mass positioning mechanism constituted by the 
electromagnetic exciter and the rotary Support member. 
0022. The fourth problem is that it is difficult to control 
a pointing position with a high accuracy. This is because the 
rotation is driven by a motor and a belt. That is, non-linear 
elements Such as the motor torque ripple and the belt 
expansion/shrinking are involved in the control System. 
0023 B. Next, explanation will be given on the prob 
lems involved in the conventional on-fulcrum movement 
drive apparatus. 

0024. The first problem is that it is difficult to control 
positioning with a high accuracy. That is, the Spherical 
bearing 302 cannot eliminate fluctuation and friction. Dur 
ing a drive, non-linear external components are involved in 
the control System, lowering the positioning accuracy. 
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0.025 The second problem is that the conventional on 
fulcrum movement drive apparatus cannot be used in an 
outer Space. In order to maintain a predetermined sliding 
characteristic on the Spherical bearing 302, a certain amount 
of lubricant should be present. However, this is difficult in an 
outer Space where a lubricant easily volatilizes. 

SUMMARY OF THE INVENTION 

0026. It is therefore an object of the present invention to 
provide a laser pointing apparatus Small in size and weight 
and capable of a highly accurate positioning with a reduced 
power consumption. 
0027. Another object of the present invention is to pro 
vide an on-fulcrum movement drive apparatus which can 
perform positioning with a highly accurate angle and which 
can also be used in an outer space. 
0028. The laser pointing apparatus according to the 
present invention is for pointing a laser beam on a prede 
termined position and comprises: a mirror extending on a 
X-Y plane and having a mirror Surface for reflecting the laser 
beam; a mirror holder arranged So as to be displaceable and 
having a mirror holder main body for holding the mirror and 
at least three arms extending outwardly from the mirror 
holder main body; an elastic Support mechanism for Sup 
porting the mirror holder main body according to the dis 
placement of the mirror holder around a point on a Z axis 
passing through the center of the mirror and Vertically 
interSecting the X-Y plane; a base for Supporting the elastic 
Support mechanism; 

0029 coil type electromagnets (hereinafter, referred 
to as coil magnets) arranged on the respective arms 
So as to generate a line of magnetic force in the Z axis 
direction; and permanent magnets provided on the 
base facing the corresponding coil magnets So as to 
generate a line of magnetic force in the Z axis 
direction, 

0030 wherein a magnetic force generated by inter 
action between the permanent magnets and the coil 
magnets Supports the mirror holder in Such a manner 
that the mirror holder can be translated in the Z axis 
direction and also rotated around the mirror center. 

0031. According to another aspect of the present inven 
tion, the laser pointing apparatus comprises: a mirror 
extending on a X-Y plane and having a mirror Surface for 
reflecting the laser beam; a mirror holder arranged So as to 
be displaceable and having a mirror holder main body for 
holding the mirror and at least three arms extending out 
Wardly from the mirror holder main body; an elastic Support 
mechanism for Supporting the mirror holder main body 
according to the displacement of the mirror holder around a 
point on a Z axis passing through the center of the mirror and 
Vertically interSecting the X-Y plane; a base for Supporting 
the elastic Support mechanism; 

0032 permanent magnets arranged on the respective 
arms So as to generate a line of magnetic force in the 
Z axis direction; and coil magnets provided on the 
base facing the corresponding coil magnets, So as to 
generate a line of magnetic force in the Z axis 
direction, 

0033 wherein a magnetic force generated by inter 
action between the permanent magnets and the coil 
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magnets Supports the mirror holder in Such a manner 
that the mirror holder can be translated in the Z axis 
direction and also rotated around the mirror center. 

0034) That is, according to the present invention, the 
drive Source includes only coil magnets and permanent 
magnets. Thus, the apparatus is Small in size and weight. 
Moreover, the object to be driven includes only the mirror, 
mirror holder, arms, and the coil magnets which have Small 
weights, enabling to Significantly reduce the power con 
Sumption required for the drive compared to a conventional 
apparatus. Furthermore, the coil magnets and permanents 
Serving as the drive Source do not cause any friction in the 
drive mechanism as in a conventional apparatus. That is, no 
non-linear element is involved in the drive Source, which 
enables to perform positioning with a high accuracy. 

0035) In the aforementioned apparatuses, the translation 
in the Z-axis direction may not be used. 
0036. It is preferable that the elastic support mechanism 
Support the mirror holder in Such a manner that the mirror 
holder can rotate around the X and Y axes on the X-Y plane. 
In this case, it is preferable that the elastic Support mecha 
nism be constituted by a pivot provided on the Z axis for 
Supporting a rear Surface of the mirror holder and a plate 
Spring having a tip end attached to the tip end of the pivot. 

0037. In the laser pointing apparatus having the afore 
mentioned configuration, a current is applied to the coil 
magnets, So that a force is generated between the coil 
magnets and the permanent magnets, generating a moment 
of rotation around the X and Y axes vertically interSecting 
each other on the mirror Surface. This moment moves the 
mirror Simultaneously in two directions So that any position 
on the two-dimensional plane can be Scanned by a laser 
beam. 

0038 Moreover, it is preferable that the laser pointing 
apparatus further comprise: distance displacement Sensors 
for detecting a Z-axis direction displacement from a Station 
ary position of a reference point on each of the arms, and a 
control block for receiving Signals from the distance dis 
placement Sensors to calculate an angle (hereinafter, referred 
to as an angular displacement) of rotation of the mirror from 
the Stationary position, and adjusting coil currents to be 
applied to the coil magnets according to the relationships 
between the permanent magnets and the coil magnets, thus 
controlling the angular displacement. 

0039. In this case the control block, for example, 
includes: angle calculation means for calculating an angular 
displacement from the position displacement values 
detected by the distance displacement Sensors, an angle 
Specifier for Specifying a target angular displacement, angle 
control means for calculating coil current adjustment values 
for the respective coil magnets So that the angular displace 
ment calculated is matched with the target angular displace 
ment, and for generating coil current instruction signals 
instructing to apply coil currents of the calculated values to 
the respective coil magnets, and a coil magnet driver circuit 
for applying currents to the respective coil magnets accord 
ing to the coil current instruction Signals. 

0040. The reference point is a measurement point where 
a mirror angular displacement can be Sufficiently detected 
from the Z-axis direction position displacement. 
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0041 Furthermore, the elastic support mechanism can 
move the mirror holder in the Z-axis direction; and the 
control block may further include: translation amount cal 
culation means for calculating an average value of the 
respective arm displacement in the Z-axis direction So as to 
obtain an average translation distance (hereinafter, referred 
to as an actual translation amount) of the mirror in the Z-axis 
direction; a translation amount Specifier for Specifying a 
target translation amount (hereinafter, referred to as a target 
translation amount); translation amount control means for 
calculating a Second adjustment value of the coil current 
which causes the actual translation amount to be matched 
with the target translation amount, and for generating a coil 
current adjustment Signal; and a translation amount regulator 
for adding the coil current instruction signal to the coil 
current adjustment Signal to obtain a new coil current 
instruction Signal to be transmitted to the coil magnet driver 
circuit. 

0042. This enables to control displacement of the mirror 
in the Z axis direction as well. Thus, the laser pointing 
apparatus can prevent unintentional movement of the laser 
beam pointing. 
0043. According to yet another aspect of the present 
invention, there is provided an on-fulcrum movement drive 
apparatus for moving an object to be driven around two 
imaginary axes vertically interSecting each other, the appa 
ratus comprising: a frame for Supporting the object to be 
driven; an elastic Support mechanism provided between the 
frame and the object to be driven, for Supporting the object 
to be driven at one point on the rear surface of the object, so 
that the object is movably mounted on the frame; and an 
actuator provided on the frame for moving the object to be 
driven, by applying a force to a position on the object which 
is apart from the Support position Supported by Said elastic 
Support mechanism. 
0044) In the on-fulcrum movement drive apparatus, the 
object to be driven is Supported on one point of its rear 
Surface by an elastic Support mechanism made from an 
elastic material in Such a manner that the object can be 
moved around the aforementioned one point. Thus applica 
tion of force by actuators to the object can move the object 
around two axes vertically interSecting each other. 
0.045 Moreover, because the object to be driven is fixed 
to the elastic Support mechanism, there is no fluctuation or 
friction Such as in the case of spherical bearing. No no-linear 
external component is involved in the control System during 
a drive period. This enables to control the angle of the object 
with a high accuracy. 
0046. Furthermore, in contrast to the spherical bearing 
which requires a lubricant, the apparatus of the present 
invention has no problem of lubricant evaporation and can 
be used in a vacuum Such as in an open Space. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0047 FIG. 1 is a plan view of a laser pointing apparatus 
according to a first embodiment (A1) of the present inven 
tion. 

0.048 FIG. 2 is a cross sectional side view of the laser 
pointing apparatus according to the first embodiment (A1). 
0049 FIG. 3 is a block diagram showing the configura 
tion of the laser pointing apparatus according to the first 
embodiment (A1). 
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0050 FIG. 4 is a block diagram for explanation of mirror 
displacement angle calculation by a control block. 
0051 FIG. 5 is a block diagram for explanation of coil 
current adjustment by the control block. 
0052 FIG. 6 is a block diagram showing a configuration 
of a laser pointing apparatus according to a Second embodi 
ment (A2). 
0053 FIG. 7 is a block diagram for explanation of a 
procedure for detecting a mirror translation amount by a 
translation amount controller in the Second embodiment 
(A2). 
0054 FIG. 8 is a block diagram for explanation of a 
procedure for adjusting a coil current by the translation 
amount controller in the Second embodiment (A2). 
0055 FIG. 9 is another block diagram for explanation of 
the procedure for adjusting a coil current by the translation 
amount controller in the Second embodiment (A2). 
0056 FIG. 10 is a cross sectional side view of a laser 
pointing apparatus according to a third embodiment (A3). 
0057 FIG. 11 is a plan view of a positioning mechanism 
block in an on-fulcrum movement drive apparatus according 
to a fourth embodiment (B1) of the present invention. 
0.058 FIG. 12 is a cross sectional side view of the 
positioning mechanism block about a line AA in FIG. 11. 
0059 FIG. 13 is a cross sectional side view of the 
positioning mechanism block about a line BB' in FIG. 11. 
0060 FIG. 14 shows the positioning mechanism block in 
the on-fulcrum movement drive apparatus according to the 
fourth embodiment (B1) in relation to a configuration of a 
control block. 

0061 FIG. 15 is a plan view of a modification of the 
on-fulcrum movement drive apparatus according to the 
fourth embodiment (B1). 
0062 FIG. 16 is a plan view of another modification of 
the on-fulcrum movement drive apparatus according to the 
fourth embodiment (B1). 
0063 FIG. 17 is a cross sectional view about the line AA 
in FIG. 16. 

0064 FIG. 18 is a plan view of an on-fulcrum movement 
drive apparatus according to a fifth embodiment (B2) of the 
present invention. 
0065 FIG. 19 is a cross sectional side view about the line 
AA in FIG. 18. 

0066 FIG.20 is a cross sectional side view about the line 
BB' in FIG. 18. 

0067 FIG. 21 is a cross sectional side view of a con 
ventional laser pointing apparatus. 
0068 FIG. 21 is a cross sectional side view of a con 
ventional on-fulcrum movement drive apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0069 Firstly, explanation will be given on a laser point 
ing apparatus according to preferred embodiments of the 
present invention with reference to the attached drawings. 
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0070. It should be noted that each of the embodiments 
below employs four coil magnets, four permanent magnets, 
four arms, and four distance displacement Sensors. However, 
it is also possible to use three of them or five of them. 
0071 <Embodiment A12 
0072 FIG. 1 is a plan view and FIG. 2 is a cross 
Sectional Side View of a laser pointing apparatus according 
to a first embodiment (A1) of the present invention. For 
purpose of simplification, FIG. 1 and FIG. 2 do not include 
a control block which will be detailed later. 

0073. The laser pointing apparatus 4 according to the 
present embodiment includes: a mirror 1 for reflecting a 
laser beam; and a mirror holder 2 for Supporting the mirror 
1. The mirror holder 2 is constituted by a mirror holder main 
body 2A and arms 3 extending in four directions from the 
mirror holder main body 2A. Moreover, the laser pointing 
apparatus 4 further includes: four coil magnets 11 to 14 
attached to the end of the respective arms, and permanent 
magnets 21 to 24 arranged to face the coil magnets 11 to 14, 
respectively. 
0.074. Furthermore, the laser pointing apparatus 4 
includes an elastic Support mechanism 5, which can be 
deformed and has a restoring force, for Supporting the mirror 
holder main body 2A in Such a manner that the mirror 1 can 
move around the X axis and Y axis of the XY plane vertical 
to the Z axis extending through the mirror center and vertical 
to the mirror Surface. 

0075 Moreover, the laser pointing apparatus 4 includes 
four distance displacement Sensors 31 to 34 for detecting a 
positional displacement in the Z axis direction from the 
stationary position of the arms 3; and a control block 50 (see 
FIG. 3) which receives measurement signals from the 
distance displacement Sensors 31 to 34, calculates an angu 
lar change of the mirror 1, and performs feed-back control 
of a current value applied to the coil magnets 11 to 14. 
0.076 The elastic support mechanism 5 is constituted by, 
for example, a pivot 5 and a plate Spring 7, for maintaining 
a center 9 of the mirror holder main body 2A at a stationary 
position with respect to a base 8 so that the center 9 serves 
as a center of rotation. The combination of the pivot 6 and 
the plate Spring 7 function excellently. The pivot 6 Sup 
presses translation of the center position of the mirror holder 
2 in the Z axis direction, whereas the plate Spring 7 Sup 
presses translation of the center position of the mirror holder 
main body 2A in the X axis and Y axis directions. 
0.077 If the arm 3 becomes longer, the point of action of 
the force generated between the permanent magnets 21 to 24 
and the coil magnets 11 to 14 goes farther from the center 
Serving as the fulcrum, increasing the moment of rotation. 
However, this also increases the moment of inertia. Accord 
ingly, the arm length is determined by trade-of between the 
moment of rotation and the moment of inertia. 

0078. The mirror 1 reflects a laser beam for pointing on 
an arbitrary point on a two-dimensional plane. The mirror 1 
is, for example, a plane mirror or a curved mirror having a 
certain curvature. The curvature is determined by the appli 
cation. 

0079 The distance displacement sensors 31 to 34 mea 
Sure a positional change of the arms 3 So as to indirectly 
detect an angular change. As a Small-size Sensor, contact 
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type Sensors Such as a differential transformer and an Induc 
tosyn are available on market. However, it is preferable to 
use a non-contact type Sensor not disturbing the mirror 
operation. More Specifically, there can be exemplified an 
eddy current type displacement Sensor and a laser interaction 
type Sensor. Among these Sensors, the eddy-current type 
displacement Sensor is most preferable because of its Small 
Size and Small weight. 
0080 FIG. 3 is a block diagram showing a configuration 
of the laser pointing apparatus according to the present 
embodiment. The control block 50 includes: a sensor ampli 
fier circuit 51 of the distance displacement sensors 31 to 34; 
displacement-to-angle converter 52 for converting a posi 
tional displacement (distance change) into an angular dis 
placement; an angle Specifier 53; angle controller 54 which 
outputs an instruction to adjust the current applied to the coil 
magnets 11 to 14 according to a difference between the 
Specified angle (specified angular displacement) and the 
actual angular displacement of the mirror 1; and a coil 
magnet driver circuit 55 which receives a signal from the 
angle controller 54 and adjusts the current value to be 
applied to the coil magnets. 
0081. Next, referring to FIG. 3, operation of the present 
embodiment will be detailed. The permanent magnets 21 to 
24 generates a magnetic field around the coil magnets 11 to 
14. When current is applied to flow in the coil magnets 11 
to 14 by the coil magnet driver circuit 55, a force of 
Fleming's rule is generated by the magnetic field generated 
by the permanent magnets 21 to 24 together with the current 
flowing in the coil magnets 11 to 14. This force serves as the 
moment of rotation about the rotation center 9. The mirror 
1 is displaced in the direction of this moment or rotation and 
Stops at a position where the moment is balanced is with the 
moment of rotation by the torsion Spring characteristic. 
0082 For example, when the mirror 1 is to be displaced 
around the Y axis (in the direction vertical to the paper 
Surface in FIG. 2, an electric current is applied to the coil 
magnet 12 or 14. Furthermore, by Simultaneously applying 
to the coil magnets 12 and 14 currents having opposite 
phases to each other, it is possible to generate a moment of 
rotation in the same direction at the two coil magnets as the 
points of action, thus enabling to effectively displace the 
angle of the mirror 1. The angle adjustment of the mirror 1 
is performed by the control block 50 which converts a signal 
from the distance displacement sensors 31 to 34 so as to 
detect an angular displacement, and adjusts the current to be 
applied to the coil magnets 11 to 14 according to the detected 
angular displacement. 
0083 FIG. 4 is a block diagram for explaining the 
procedure for calculating a mirror angular displacement by 
the control block 50. 

0084. Sensor signals obtained by the distance displace 
ment sensors 31 to 34 are respectively converted by the 
Sensor amplifier circuit 51 into distance displacement signals 
AL1 to AL4, which are transmitted to the displacement-to 
angle converter 52. The displacement-to-angle converter 52 
uses these distance displacement Signals AL1 to AL4 to 
calculate a mirror angular displacement signal indicating a 
mirror angular displacement and output the obtained signal 
to the angle controller 54. 
0085. In the angle controller 54, if L is the distance 
between the mirror holder rotation center 9 and a target 
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center of the distance displacement Sensor, then the mirror 
angular displacement Signal 0X around the X axis can be 
obtained from the following equation: 

0.086 wherein AL1 and AL3 are distance displacement 
Signals from the distance displacement Sensors 31 and 33, 
respectively. Similarly, the mirror angular displacement Sig 
nal 0y around the Y axis can be obtained from the following 
equation: 

0.087 wherein AL2 and AL4 are distance displacement 
Signals from the distance displacement Sensors 32 and 34, 
respectively. In this embodiment, these calculations are 
performed by two adders and four multipliers. 
0088 FIG. 5 is a block diagram explaining operation of 
coil current adjustment performed by the control block 50. 
The angle specifier 53 for setting the angle of the mirror 1 
transmits to the angle controller 54 mirror Setting angle 
Signals R0X and R0y for Setting an angular displacement 
around the mirror X axis and Y axis. Moreover, as has been 
described above, the displacement-to-angle converter 52 
transmits to the angle controller 54 the mirror angular 
displacement Signal 0X and 0y detected around the X axis 
and Y axis. 

0089 Based on these R0X, R0y and X, 0y signals, the 
angle controller 54 generates Signals for adjusting the coil 
current to be applied to the coil magnets 11 to 14, i.e., coil 
current instruction signals Rc1 to Rc4 corresponding to the 
coil magnets 11 to 14. The angle controller 54 outputs the 
coil current instruction Signals Rc1 to Rc4 to the coil magnet 
driver circuit 55. The coil magnet driver circuit 55 controls 
the coil current So that the values of the currents flowing in 
the coil magnets 11 to 14 are matched with the current values 
transmitted by the coil current instruction signals Rc1 to 
Rc4. 

0090 Hereinafter, explanation will be given on the pro 
cedure for calculating the coil current instruction signals 
Rc1 to Rc4. 

0.091 In the angle controller 54, firstly, a mirror angle 
deviation signal is produced from the mirror Setting angle 
Signal and the mirror angular displacement Signal. The 
X-axis mirror angle deviation signal A0X is obtained as 
follows: 

0092. Similarly, the Y-axis mirror angle deviation signal 
A0y is obtained as follows: 

0.095 Next, based on the mirror angle deviation signal, a 
control calculation is performed for adjusting the coil cur 
rent So as to obtain a coil current required for the adjustment 
(hereinafter, referred to as a necessary coil current). 
0096. Furthermore, the necessary coil current is evenly 
divided for the coil magnets associated with the X axis and 
Y axis, generating coil current instruction signals. 
0097. The coil magnets 11 and 13 associated with rota 
tion around the X axis correspond to the coil current 
instruction signals Rc1 and Rc3 which are obtained as 
follows: 
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0098. Wherein C0X is a transfer function of the circuit 
(hereinafter, referred to as a control computing circuit) for 
calculating the angular displacement around the X-axis. The 
control computing circuit uses, for example, a PID control 
circuit and a lead-lag filter (phase lead-lag circuit). 
0099. The coil magnets 12 and 14 associated with rota 
tion around the Y-axis correspond to the coil current instruc 
tion signals Rc2 and Rc4 obtained as follows: 

0102 Here, COy is a transfer function of the control 
computing circuit for calculating the angular displacement 
around the Y-axis. 

0103) In this embodiment, as shown in FIG. 5, the 
aforementioned calculations are performed using two 
adders, two multipliers, and two control computation cir 
cuits. 

0104. It should be noted that the distance displacement 
Sensors 31 to 34 are arranged at inner positions than the 
permanent magnets 21 to 24 when Viewed from the rotation 
center 9. However, it the installation space is available, it is 
possible to extend the arm end positions to reach the outside 
of the permanent magnets, So that the distance displacement 
Sensors are mounted at outer positions than the permanent 
magnets. This increases the measurement values obtained by 
the Sensors in response to the mirror angle change, enabling 
to obtain a higher angle resolution. 

0105) <Embodiment A2> 
0106 FIG. 6 is a block diagram showing a configuration 
of a laser pointing apparatus according 78 to a Second 
embodiment (A2) of the present invention. Unlike the laser 
pointing apparatus 4 according to the first embodiment (A1), 
the laser pointing apparatus 78 controls not only the mirror 
angle about the X and Y axes but also translation in the Z 
axis direction. Like components as in the first embodiment 
are denoted with like Symbols, and their explanations are 
omitted. 

0107 The laser pointing apparatus 78 includes a control 
block 80 having an identical configuration as the control 
block 50 but having a translation amount regulator 70 
additionally; and a translation amount control block 60. 

0108. The translation amount control block 60 includes: 
a displacement-to-translation converter 62 for converting a 
distance displacement in the Z axis direction produced by 
the Sensor amplifier circuit 51, to a translation amount of the 
mirror 1; a translation amount Specifier 63 for Specifying a 
translation amount of the mirror 1; and a translation amount 
controller 64 for adjusting currents to be applied to the coil 
magnets 11 to 14 based on the translation amount Specified 
and the actual translation amount. 

0109 The translation amount regulator 70 adds a coil 
current adjustment Signal transmitted from the translation 
amount controller 64, to the coil current instruction signal 
transmitted from the angle controller 54, So as to generate a 
new coil current instruction signal, which is transmitted to 
the coil magnet driver 55. 
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0110. The angle controller 54 transmits the coil current 
instruction signal not to the coil magnet driver circuit 55 but 
to the translation amount regulator 70. 
0111 Hereinafter, explanation will be given on the opera 
tion of the laser pointing apparatus 78 with reference to the 
attached drawings. 
0112 FIG. 7 is a block diagram explaining detection of 
a mirror translation amount by the translation amount con 
trol block 50. The displacement-to-translation amount con 
verter 62 detects (calculates) Z-axis direction displacement 
Signal LZ from the distance displacement Signals AL1 to AL4 
(see Embodiment A1) and outputs the result to the transla 
tion amount controller 64. The Z-axis direction displace 
ment Signal LZ is calculated as follows: 

0113. In this embodiment, as shown in FIG. 7, this 
calculation is performed by one adder and one multiplier. 
0114 FIG. 8 is a block diagram for explaining the 
procedure for adjusting the coil current by the translation 
amount control block 60. The translation amount specifier 
63 transmits a Z-axis direction translation amount Signal 
RLZ to the translation amount controller 64. 

0115 The translation amount controller 64 adjusts the 
current to be applied to the coil magnets 11 to 14, by 
generating coil current adjustment Signals RZ1 to RZ4 based 
on the Z-axis direction translation amount Signal RLZ and 
the actual translation amount Signal LZ. The Signals RZ1 to 
RZ4 are Supplied to the translation amount adjustment block 
70. 

0116. In the translation amount controller 64, the Z-axis 
direction translation amount Signal RLZ and the actual 
translation amount Signal LS are used to obtain a Z-axis 
direction translation amount deviation signal ALZ as fol 
lows: 

0117 Next, based on this translation amount deviation 
Signal, a control calculation is performed for the coil current 
adjustment to determine a coil current required. The neces 
sary coil current is evenly distributed for all of the coil 
magnets, generating coil current adjustment Signals RZ1 to 
RZ4 corresponding to the coil magnets 11 to 14 are respec 
tively calculated as follows. 

0118 Rz1=CLZ * ALZ /4 
0119 Rz2=CLZ * ALZ /4 
0120 
0121 RZ4=CLZ * ALZ /4 

0122) Here, Clz is a transfer function of the Z-axis 
direction displacement control computation circuit. In this 
embodiment, as shown in FIG. 8, the aforementioned cal 
culations are performed using an adder, a multiplier, and a 
control computation circuit. 
0123 FIG. 9 is a block diagram for explanation of a 
procedure to adjust the coil current by the translation amount 
regulator 70. The translation amount regulator 70 uses the 
coil current instruction signals Rc1 to Rc4 from the angle 
control means 54 and the coil current adjustment Signals RZ1 
to RZ4 to generate new coil current instruction signals Rc1 
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to Rc4 for the coil magnets 11 to 14, respectively. The coil 
current instruction signals Rc1" to Rc4' are calculated as 
follows. 

0127 Rc4'=Rc4+RZ4 

0128. In this embodiment, as shown in FIG. 9, these 
calculations are performed by four adders. 

0129 <Embodiment A3> 

0.130. When a laser pointing apparatus is mounted on a 
Space object Such as an artificial Satellite, there will arise a 
problem of heat generated by the apparatus. The laser 
pointing apparatus according to a third embodiment (A3) 
has a configuration to cope with this problem. 

0131 FIG. 10 is a cross sectional side view of the laser 
pointing apparatus according to the third embodiment (A3). 
As shown in FIG. 10, in this embodiment, the positions of 
the coil magnets 11 to 14 and the positions of the permanent 
magnets 21 to 24 are interchanged in comparison to the first 
embodiment (A1). 
0132) In the first embodiment (A1), when the laser point 
ing apparatus 4 on the base 8 is mounted attached to a Space 
object, the heat generated by the coil magnets 11 to 14 can 
be removed only through a heat conduction path provided by 
the elastic Support mechanism 5. However, the elastic Sup 
port mechanism 5 Structurally has a large heat resistance and 
the heat is accumulated in the arms 3 and the mirror holder 
2, which may cause thermal deformation of the mirror 1. 

0133) On the other hand, in the laser pointing apparatus 
78 according to the third embodiment, a permanent magnet 
having a greater mass than a coil magnet is mounted at the 
end of an arm. This has a disadvantage of increasing the 
moment of inertia of the arm. However, there is no other heat 
Source than the elastic Support mechanism 5 which is in 
contact with the mirror holder and causes heat conduction to 
the mirror holder. Accordingly, the possibility of the thermal 
deformation of the mirror 1 is significantly lowered when 
compared to the first embodiment. Moreover, the coil mag 
nets 11 to 14 generating heat are mounted on the base 8, So 
that heat generated in the main body of the Space object can 
easily run away. 

0.134 Moreover, this embodiment also brings about an 
effect that wiring is simplified because there is no need of 
application of current to the movable portion. 

0.135 The laser pointing apparatus according to the 
present embodiment is especially useful for an antenna used 
for communication using laser between Satellites or between 
a Satellite and an earth Station when transmitting or receiving 
a laser beam to/from a particular direction. 

0.136 B Description will now be directed to an on 
fulcrum movement drive apparatus according to a fourth 
embodiment (B1) and an on-fulcrum movement drive appa 
ratus according to a fifth embodiments (B2) of the present 
invention. 
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0137) <Embodiment B12 
0138 FIG. 11 is a plan view showing a configuration of 
a drive mechanism of the fourth embodiment (B1). FIG. 12 
and FIG. 13 are cross sectional side views of the drive 
mechanism about lines AA and BB' in FIG. 11, respec 
tively. 

0139. As shown in FIG. 11 to FIG. 13, the on-fulcrum 
movement drive apparatus according to the fourth embodi 
ment (B1) drives to move the antenna 202 and is constituted 
by an elastic support mechanism 205, an actuator 208, a 
position Sensor 211, and a base 212. 
0140. The antenna 202 is constituted by an antenna 
opening portion 203 having a circular plan View and an 
antenna Seat 204 also having a circular plan view. The 
antenna 202 is Supported through one point of its rear Side 
on an elastic Support mechanism 205 So as to be arranged 
above a base 212. 

0.141. The elastic Support mechanism 205 is made from 
an elastic material which can be elastically deformed and 
has a restoring force. The elastic Support mechanism 205 
Supports the antenna Seat 204 on the base 12 in Such a 
manner that the antenna 202 can be displaced around the X 
and Y axes vertically interSecting the Z axis extending 
through the center of the antenna 202. 
0142 More specifically, the elastic Support mechanism 
205 is constituted by an elastic shaft 206, and a spring 
having four plate Springs 207 according to the present 
invention. The elastic shaft 206 is made from a non 
expandable elastic material not expandable having one end 
fixed at the center 213 of the antenna seat 204 and the other 
end fixed at the center 214 of the base 212. The elastic shaft 
206 extends straight backward from a position almost cor 
responding to the center of the antenna 202. On the other 
hand, the four plate springs 207 have one end fixed at the 
center 213 of the antenna seat 204 and the other end fixed at 
four different positions on the base 212, the four positions 
being at an identical interval from one another and at an 
identical distance from the center 213 of the antenna Seat 
204. 

0143. The elastic support mechanism 205 having the 
aforementioned configuration maintains the center 13 of the 
antenna Seat 204 at a predetermined position with respect to 
the base 212. This predetermined position Serves as a 
fulcrum of movement of the antenna 202. That is, the elastic 
shaft 206 is non-expandable, which Suppresses displacement 
of the center 213 of the antenna seat 204 in the Z axis 
direction. Moreover, the four plate Springs 207 Suppresses 
displacement of the center 213 of the antenna seat 204 in the 
X and Y axis directions. 

0144. It should be noted that in order to effectively 
SuppreSS displacement of the center 213 of the antenna Seat 
204 in any of the X, Y, and Z axis directions, it is preferable 
that the elastic shaft 206 the elastic shaft 206 have the 
Smallest expandability in the longitudinal direction and a 
Sufficient Spring rigidity both in the bending direction and in 
the torsion direction. Moreover, the plate springs 207 also 
preferably have almost no expandability in the longitudinal 
direction and a comparatively high rigidity both in the 
bending direction and in the torsion direction. 
0145 The actuator 208 serves to generate a moment for 
moving the antenna 202 around the X and Y about the 

Apr. 5, 2001 

fulcrum at the center 213 of the antenna seat 204. In this 
embodiment, the on-fulcrum movement drive apparatus 201 
has four actuators 208 arranged along the outer circumfer 
ence of the antenna Seat 4 almost at an identical interval at 
the back of the antenna 202. Each of the actuators 208 
includes a permanent magnet 209 of an arc shape attached 
to the antenna seat 204 and a coil magnet 210 attached to the 
base 212 at a position to oppose to the permanent magnet 
209 and at a predetermined distance from the permanent 
magnet 209. 
0146). As a small-size actuator, there can be exemplified 
a piezoelectric element, linear motor, rotary type motor in 
combination with a ball bearing Screw, or a permanent 
magnet in combination with a coil magnet. For performing 
a fine positioning, what is important is that a nonlinear 
external disturbance will not be easily caused. For this, the 
non-contact type actuator constituted by the permanent 
magnet 209 and the coil magnet 210 has an excellent 
characteristic. 

0147 Moreover, the coil magnet 209 generates a heat 
when Subjected to current. If heat radiation is not Sufficient, 
accumulated heat causes thermal distortion of the antenna 
202 to be drive. For this, in the present embodiment, 
considering heat radiation in the outer Space, the permanent 
magnets 209 are arranged on the antenna Side and the coil 
magnets 210 are arranged on the base 212, So that a heat 
generated by the coil magnets 210 can easily run away 
through the bases 212 to a main body of a Space object. It 
should be noted that if it is possible to assure a sufficient heat 
radiation from the antenna seat 204 by using a some kind of 
method, the position of the permanent magnets 209 and the 
position of the coil magnets 210 may be interchanged. 
0.148. The position sensor 211 measures a positional 
change of the antenna Seat 204 So as to detect indirectly the 
angle change of the antenna 202. The present embodiment 
employs four position Sensors 211. The position Sensors 211 
are eddy-current type displacement Sensors for detecting a 
position in non-contact State. The position Sensors 211 are 
arranged at an interval from each other at the back of the 
antenna Seat 204 and at a predetermined distance from the 
antenna Seat 204, So as to determine a distance up to the 
antenna seat 204. Each of the position sensors 211 extends 
from the base 212 and is arranged between the center 213 of 
the antenna seat 204 and the respective actuators 208, and at 
a position nearer to the actuators 208. When the antenna is 
at its Stationary position before movement, the distances 
from the respective Sensors to the rear Surface of the antenna 
Seat 204 are approximately identical. 
014.9 There are also contact-type sensors such as a 
differential transformer and an Inductosyn. However, for 
controlling a highly accurate positioning, it is preferable to 
use non-contact type Sensors not causing an external distur 
bance during antenna drive. AS the non-contact type Sensors, 
there can be exemplified an eddy-current type displacement 
Sensor, a laser interaction type Sensor, a reflected light 
detecting type optical fiber Sensor, and the like. Among these 
Sensors, the eddy-current type displacement Sensor used in 
the present embodiment is most preferable because the 
Sensor portion is Small in size and weight. 
0150. The on-fulcrum movement drive apparatus 201 
according to the present embodiment further includes a 
control block 220 which receives a measurement signal from 
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the position Sensor 211 and calculates an angle change of the 
antenna 202 for feed-back control of a current value to be 
applied to the coil magnets 210. 
0151 FIG. 14 is a block diagram showing a configura 
tion of the control block 220 together with the positioning 
drive mechanism according to the present embodiment. 
0152 The control block 220 includes: a sensor amplifier 
circuit 221 of the position Sensor 211; position-to-angle 
converter 222 for converting a position change detected by 
the Sensor amplifier circuit 221, into an angular displace 
ment of the antenna 202, an angle specifier 223 for Speci 
fying an angle of the antenna 202, angle controller for 
adjusting a current to be applied to the coil magnets 209 
based on a difference between a specified angle and an actual 
angle of the antenna 202, and a coil magnet driver circuit 
225 for applying the adjusted current to the coil magnets 
210. 

0153. Next, explanation will be given on the operation of 
the on-fulcrum movement drive apparatus 201 with refer 
ence mainly to FIG. 14. 
0154) Firstly, explanation will be given on the principle 
of driving the antenna 202 by the actuator 208. Around the 
coil magnets 210 constituting the actuator 208, a magnetic 
field is generated by the permanent magnets 209. Accord 
ingly, when a current from the coil magnet driver circuit 225 
is applied to the coil magnet 210, the magnetic field gener 
ated by the permanent magnet 209 interacts with the current 
flowing through the coil magnet 210, generating a force 
according to the Fleming's rule. 
O155 If currents having opposite phases are applied to 
two coil magnets 209 located at opposing positions to 
Sandwich the center 213 of the antenna seat 204, the force 
acting on the coil magnets 209 serves as a moment of 
rotation around the X or Y axis having the fulcrum at the 
center 213 of the antenna seat 204. Here, the force acting on 
the coil magnets 209 also causes the elastic shaft 206 to act 
as a cantilever having the fulcrum at the center 214 of 
connection with the base 212. However, simultaneously 
with this, the restoring force of the plate spring 207 acts 
strongly. Actually, the center 213 of the antenna seat 204 will 
not be moved in the X or Y axis direction in practice. 
0156. On the other hand, when currents of identical phase 
are applied to two opposing coil magnets Sandwiching the 
center 213 of the antenna Seat 204, there is generated a force 
to displace the antenna 202 in the Z axis direction. However, 
the antenna 202 is connected to the base 212 via the elastic 
shaft 206 having a sufficient rigidity in its longitudinal 
direction. Accordingly, the center 213 of the antenna Seat 
204 will not be displaced practically. Thus, the antenna 202 
to be driven is displaced around the X and Y axes by the 
moment of rotation about the fulcrum at the center 213 of the 
antenna seat 204 until balanced with a reverse-direction 
moment generated by the torsion Spring characteristic of the 
elastic support mechanism 205. 
O157 Next, explanation will be given on control of 
angular displacement of the antenna 202. Angular adjust 
ment of the antenna 202 is performed in the control block 
220 by using Signals from the four position Sensors 211, 
which are converted into an angular displacement. Accord 
ing to this angular displacement detected, the currents to be 
applied to the four coil magnets 210 are adjusted. The Sensor 
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Signals obtained by the four position Sensors 211 are Sup 
plied to the sensor amplifier circuit 221 of the control block 
220 where the Signals are converted into position displace 
ment signals ALn (n=1 to 4), which are Supplied to the 
position-to-angle converter 222. 
0158. The position-to-angle converter 222 detects from 
the position displacement Signals ALn angular displacement 
Signals 0X, 0y indicating the angle of movement of the 
antenna 202 around the X and Y axes. The angular displace 
ment signals 0X, 0y are Supplied to the angle controller 224. 
On the other hand, the angle specifier 223, which Specifies 
an angle of the antenna 202, Supplies to the angle controller 
224 with an antenna angle Signal R0X Specifying an angle 
around the X axis and an antenna angle Signal R0y Speci 
fying an angle around the Y axis. 
0159. The angle controller 224 performs a angle control 
calculation using the antenna displacement Signals 0X, 0 y 
Supplied from the position-to-angle converter 22 and the 
antenna angle Signal R0X and R0y Supplied from the angle 
Specifier 223, So as to generate coil current instruction 
Signals RCn (n=1 to 4), which are Supplied to the coil 
magnet driver circuit 225 for adjustment of currents to be 
applied to the respective coil magnets 210. 

0160 The coil magnet driver circuit 225 controls the coil 
currents So that the currents flowing in the coil magnets 210 
are matched with the coil current instruction signals RCn. AS 
a result, an appropriate current is applied to each of the coil 
magnets 210, generating a necessary moment between the 
coil magnets 210 and the permanent magnets 109, So as to 
position the antenna 202 at an angle where the moment is 
balanced with the torsion Spring characteristic of the elastic 
support mechanism 205. 
0.161 In the on-fulcrum movement drive apparatus 201 
according to the present embodiment, the antenna 202 to be 
driven is fixed to the elastic Support mechanism 205. 
Accordingly, no fluctuation or friction is caused as when a 
Spherical bearing is used, or no non-linear external disturb 
ing component is involved in the control System during 
drive. Therefore, it is possible to control the angle of the 
antenna 202 with a high accuracy. 

0162 Moreover, no lubricant is required as in the case of 
Spherical bearing. Consequently, the on-fulcrum movement 
drive apparatus 202 according to the present invention has 
no problem of lubricant evaporation and can also be used in 
a Vacuum, especially in an Outer Space. 

0163. It should be noted that the arrangement of the plate 
springs 207, the actuators 208, and the position sensors 211 
are not to be limited to the arrangement of the present 
embodiment but can be modified in various ways. 
0.164 FIG. 15 is a plan view of a modified example of the 
fourth embodiment (B1). Like components are denoted by 
like symbols as in FIG. 11 to FIG. 14. 
0.165. Unlike the on-fulcrum movement drive apparatus 
201, the on-fulcrum movement drive apparatus 201A shown 
in FIG. 15 has four position sensors 211 respectively 
arranged between two adjacent actuators 208. In this 
arrangement, it is possible to obtain a longer distance 
between the center 213 of movement (rotation) to the 
position sensors 211 than in the arrangement of FIG. 11. 
This enables to obtain a greater detection value by the 
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position Sensors for an angular change of the antenna 202. 
Accordingly, when using position Sensors of an identical 
position resolution, it is possible to obtain a higher angle 
resolution. Consequently, it is possible to obtain a further 
higher accuracy in controlling the angle of the antenna 202. 
0166 It should be noted that in this case the position of 
actuators is at 45 degrees with respect to the position Sensors 
on the X-Y plane. This angular shift can easily be corrected 
by the angle controller 224. 
0167 FIG. 16 is a plan view of another modified 
example of the fourth embodiment of the present invention. 
FIG. 17 is a cross sectional side view about the line AA in 
FIG. 16. Like components as in FIG. 11 to FIG. 14 are 
denoted by like symbols. 
0168 The on-fulcrum movement drive apparatus 201B 
shown in FIG. 16 and FIG. 17, in order to obtain a further 
longer distance from the center 213 of the antenna seat 204 
to the position Sensor 211, the position Sensor is arranged 
outside of the actuator 208. More specifically, the arm 215 
is extended from the antenna seat 204 in the radial direction 
So as to be a target of the Sensor arranged on the outer 
position of the antenna seat 204. 
0169. This arrangement further increases the detection 
displacement of the position Sensor 211 with respect to an 
angular change of the antenna 202 in comparison to the 
arrangement of FIG. 15. When using position sensors of 
identical position resolution, it is possible to obtain a higher 
angle resolution. Moreover, in this case, the actuator 208 and 
the position Sensor 211 are arranged on an identical radial 
line and there is no need of a particular correction processing 
in the angle controller 224. 
0170 <Embodiment B2> 
0171 Description will now be directed to an embodiment 
B2 of the present invention. 
0172 FIG. 18 is a plan view showing a configuration of 
an on-fulcrum movement drive apparatus according to the 
embodiment B2 of the present invention. FIG. 19 is a cross 
Sectional side view of the on-fulcrum movement drive 
apparatus about the line AA in FIG. 18, and FIG. 20 is a 
cross sectional side view of the apparatus about line BB' in 
FIG. 18. Like components as in FIG. 11 to FIG. 13 are 
denoted by like symbols. 
0173 The on-fulcrum movement drive apparatus 231 
shown in FIG. 18 to FIG. 20 differs from the on-fulcrum 
movement drive apparatus 201 in that at the back of the 
object to be driven, there is provided a wide open Structure 
for facilitating inspection and repair of the object to be 
driven. 

0.174 More specifically, in the on-fulcrum movement 
drive apparatus 231, the actuators 346, the position Sensors 
240 (FIG. 19), and the elastic support mechanism 234 are 
supported on side walls 244 of a frame instead of on the base 
as in the on-fulcrum movement drive apparatus 201. Note 
that the elastic shaft 206 (FIG. 19) is fixed on a beam 
bridging the walls as will be detailed later. 
0.175. In this embodiment, the object to be driven is 
assumed to be a plane mirror 232 having a Square shape 
when viewed from the top, which is held by a mirror holder 
233 having a Square shape when Viewed from the top. 
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0176) The on-fulcrum movement drive apparatus 231 is 
mounted on a frame having four Side walls 244 Surrounding 
the mirror holder 233; and fixed beams bridging two oppos 
ing side wall 244. Each of the fixed beams 243 extends to 
connect the center of the respective walls in the length 
direction and has two ends fixed at the lower end of the 
walls. 

0177. The elastic support mechanism 234 is constituted 
by an elastic shaft 206 and coil springs 235 which replace 
the aforementioned plate springs. The elastic shaft 206 has 
one end fixed to the center of the back of the mirror holder 
233 and the other end fixed at the center of the fixed beam 
243. 

0178. On the other hand, each of the coil spring has one 
end fixed to the connection portion between the elastic shaft 
206 and the mirror holder 233 and the other end fixed to the 
side wall 244 at a position near to the lower end of the side 
wall 244. 

0179 The coil spring 235 is preferably has a sufficiently 
high rigidity in the longitudinal direction and a compara 
tively high Spring rigidity both in the bending direction and 
the torsion direction, So as to SuppreSS movement of the 
center position of the mirror holder 233 in the X or Y axis 
direction. 

0180. As shown in FIG. 18 and FIG. 20, each of the four 
actuators 236 includes a permanent magnet 209B, a coil 
magnet 210B, and a yoke 239. The four yokes 239 are 
arranged at the four corners of the mirror holder 233 and 
have upper ends connected to the back of the mirror holders 
233. 

0181. As shown in FIG. 20, the permanent magnet 209B 
is fixed inside the yoke 239 so as to extend in a direction 
approximately vertical to the rear Surface of the mirror 
holder 233. On the other hand, the coil magnet 210B is 
arranged half in a through hole 239A formed in the yoke 239 
and half embedded in the side wall 244 So as to Surround the 
permanent magnet 209B. It should be noted that an appro 
priate clearance is formed between the coil magnet 210B 
and the permanent magnet 209B and the yoke 239. 
0182. The yoke 239 together with the permanent magnet 
209B constitutes a magnetic circuit So as to increase the 
magnetic flux density of a magnetic field thrusting through 
the coil magnet 210B. This increases a generation force per 
unit current flowing through the coil magnet 210B, thus 
enabling to increase the efficiency of the actuator 236. 
0183 In the present embodiment, the position sensor 240 
is a reflected-light detection type fiber Sensor replacing the 
eddy-current type displacement Sensor. AS shown in FIG. 
19, the position sensor 240 is constituted by an optical fiber 
input head 241 and an optical fiber detection head 242. Each 
of the four position sensors 240 extends above the beams 
from the respective side walls. The light emitted from the 
optical fiber input head 241 is reflected by the rear surface 
of the mirror holder 233 and at least a part of the reflected 
light is introduced into the optical fiber detection head 242. 
According to this incident light amount, a displacement of 
the mirror holder is measured. 

0.184 This on-fulcrum movement drive apparatus 231 
having the aforementioned configuration according to the 
embodiment B2 also has a control block (not depicted) of the 
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same type as the control block 220 of the on-fulcrum 
movement drive apparatus 201. The actuators 236 are driven 
according to a detection result from the position to control 
the angle of the mirror holder 233, i.e., the angle o the mirror 
232. 

0185. In this on-fulcrum movement drive apparatus 231 
also, the mirror 232 to be driven is fixed to the elastic 
Support mechanism 234. Accordingly, there will be gener 
ated no fluctuation or friction like in the case of a spherical 
bearing. During drive, no eternal non-linear component is 
involved in the control System. Consequently, it is possible 
to control the angle o the mirror 232 with a high accuracy. 
0186 Moreover, there is no need of holding a lubricant 
like in the Spherical bearing. Accordingly, the on-fulcrum 
movement drive apparatus according to the present embodi 
ment has no problem of lubricant evaporation and can be 
used in a vacuum Such as in an Outer Space. 
0187 Furthermore, in the on-fulcrum movement drive 
apparatuS 231, a wide open Space is available behind at the 
back of the mirror 32 and the mirror holder 233 as an object 
to be driven. This facilitates inspection and repair of the 
object to be driven. When the object to be driven is an 
antenna or the like, wiring to the object to be driven can also 
be performed easily. 
0188 While the aforementioned embodiments B1 and B2 
have been described as an example for driving an antenna 
and mirror, it is also possible to drive a positioning table by 
using the on-fulcrum movement drive apparatus according 
to the present embodiments. 
0189 Moreover, in the aforementioned embodiments B1 
and B2, the elastic Support mechanism 5 is constituted by the 
four plate Springs 6 and the elastic Support mechanism 234 
is constituted by the four coil springs 35. However, the 
elastic support mechanism 205, 235 may also be constituted 
by any number of plate Springs and coil Springs equal to or 
above two. 

0190. Furthermore, the number of the position sensors 
211,240 is not to be limited to four as in the aforementioned 
embodiments but can be any number equal to or above two. 
When using two position Sensors, for example, they can be 
arranged on the X and Y axes. So as to detect angle displace 
ment around the X and Y axes, respectively. 
0191 Moreover, the number of the actuators 208, 236 is 
not to be limited to four but can be any number equal to or 
above two. When using two actuators, for example, they can 
be arranged on the X and Y axes. So as to move the object to 
be driven around the X and Y axes, respectively. 
0.192 A. The laser pointing apparatus according to the 
embodiments A1, A2, A3 of the present invention includes: 
at least three arms extending from the peripheral end of the 
mirror holder to Support the mirror holder, coil type elec 
tromagnets attached to the arms, and permanent magnets 
arranged to oppose the respective coil magnets. This con 
figuration brings about the following effects. 
0193 The first effect is that it is possible to reduce the 
Size of the laser pointing apparatus because the drive Source 
is a combination of Small-volume coil magnets and perma 
nent magnets. 

0194 The second effect is that it is possible to reduce the 
weight of the laser pointing apparatus because a movable 
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block constituted by a mirror, mirror holder, arms, and coil 
magnets are all Small in weight, which enables to reduce the 
weight of the permanent magnets and elastic Support mecha 
nism for driving the movable block. 

0195 The third effect is that it is possible to reduce the 
power consumption. This is because the movable block 
including the mirror, mirror holder, arms, and coil magnets 
is not heat as a whole, and there is not need of driving a 
large-mass objects Such as the permanent magnets and the 
elastic Support mechanism. 

0196. The fourth effect is that it is possible to control the 
position of a reflected laser beam with a high accuracy. This 
is because movement is driven by a linear and non-contact 
drive Source Such as coil magnets and permanent magnets 
and the elastic Support mechanism is constituted by a linear 
Spring element alone. This eliminates involvement of a 
non-linear element in the control System. 

0197) Moreover, according to the third embodiment (A3), 
the positions of the coil magnets and the permanent magnets 
are interchanged. This enables to reduce the affect of heat 
generated by the coil magnets, upon the mirror via the mirror 
holder. 

0198 B The on-fulcrum movement drive apparatus 
according to the fourth and fifth embodiments of the present 
invention includes: a frame for Supporting an object to be 
driven; an elastic Support mechanism made from an elastic 
material and provided between the object to be driven and 
the frame so as to Support the object to be driven at one point 
on the rear Side of the object in Such a manner that the object 
can be moved around tow vertically interSecting axes, and 
actuators mounted on the frame for moving the object by 
applying a force to a position apart from the Supporting 
point. 

0199 Because the object to be driven is supported at one 
point on its rear Side by the elastic Support mechanism made 
from an elastic material, it is possible to move the object 
around two vertically interSecting axes by applying a force 
to the object from the actuators. 

0200 Moreover, the object to be driven is fixed to the 
elastic Support mechanism. Accordingly, no fluctuation or 
friction will be generated as when a spherical bearing is 
used. During a drive period, non non-linear external com 
ponent is involved in the control System. Consequently, it is 
possible to control the angle of the object to be driven with 
a high accuracy. 

0201 Furthermore, there is no need of maintaining a 
lubricant as in a spherical bearing, i.e., there is no problem 
of lubricant evaporation. Accordingly, the on-fulcrum move 
ment drive apparatus according to the present invention can 
be used in a vacuum Such as in an outer space. 

0202) The invention may be embodied in other specific 
forms without departing from the Spirit or essential charac 
teristic thereof. The present embodiments are therefore to be 
considered in all respects as illustrative and not restrictive, 
the Scope of the invention being indicated by the appended 
claims rather than by the foregoing description and all 
changes which come within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced therein. 
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0203 The entire disclosure of Japanese Patent Applica 
tion No. 10-0798.55 (Filed on Mar. 26", 1998) and Japanese 
Patent Application No. 10-321868 (Filed on Nov. 12", 
1998) including specification, claims, drawings and Sum 
mary are incorporated herein by reference in its entirety. 
What is claimed is: 

1. A laser pointing apparatus for pointing a laser beam on 
a predetermined position, Said apparatus comprising: 

a mirror extending on a X-Y plane and having a mirror 
Surface for reflecting the laser beam; 

a mirror holder arranged So as to be displaceable and 
having a mirror holder main body for holding the 
mirror and at least three arms extending outwardly 
from the mirror holder main body; 

an elastic Support mechanism for Supporting the mirror 
holder main body according to the displacement of the 
mirror holder around a point on a Z axis passing 
through the center of the mirror and vertically inter 
Secting the X-Y plane; 

a base for Supporting the elastic Support mechanism; 
coil type electromagnets (hereinafter, referred to as coil 

magnets) arranged on the respective arms So as to 
generate a line of magnetic force in the Z axis direction; 
and 

permanent magnets provided on the base facing the 
corresponding coil magnets So as to generate a line of 
magnetic force in the Z axis direction, 

wherein a magnetic force generated by interaction 
between the permanent magnets and the coil magnets 
Supports the mirror holder in Such a manner that the 
mirror holder can be translated in the Z axis direction 
and also rotated around the mirror center. 

2. A laser pointing apparatus for pointing a laser beam on 
a predetermined position, Said apparatus comprising: 

a mirror extending on a X-Y plane and having a mirror 
Surface for reflecting the laser beam; 

a mirror holder arranged So as to be displaceable and 
having a mirror holder main body for holding the 
mirror and at least three arms extending outwardly 
from the mirror holder main body; 

an elastic Support mechanism for Supporting the mirror 
holder main body according to the displacement of the 
mirror holder around a point on a Z axis passing 
through the center of the mirror and vertically inter 
Secting the X-Y plane; 

a base for Supporting the elastic Support mechanism; 
permanent magnets arranged on the respective arms So as 

to generate a line of magnetic force in the Z axis 
direction; and 

coil magnets provided on the base facing the correspond 
ing coil magnets, So as to generate a line of magnetic 
force in the Z axis direction, 

wherein a magnetic force generated by interaction 
between the permanent magnets and the coil magnets 
Supports the mirror holder in Such a manner that the 
mirror holder can be translated in the Z axis direction 
and also rotated around the mirror center. 
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3. A laser pointing apparatus as claimed in claim 1, 
wherein Said elastic Support body Supports the mirror holder 
in Such a manner that the mirror holder can rotate around the 
X axis and the Y axis of the X-Y plane. 

4. A laser pointing apparatus as claimed in claim 2, 
wherein Said elastic Support body Supports the mirror holder 
in Such a manner that the mirror holder can rotate around the 
X axis and the Y axis of the X-Y plane. 

5. A laser pointing apparatus as claimed in claim 3, 
wherein Said elastic Support mechanism is constituted by a 
pivot provided on the Z axis to Support a rear Surface of the 
mirror holder and plate Springs having upper ends attached 
to the upper end of the pivot. 

6. A laser pointing apparatus as claimed in claim 4, 
wherein Said elastic Support mechanism is constituted by a 
pivot provided on the Z axis to Support a rear Surface of the 
mirror holder and plate Springs having upper ends attached 
to the upper end of the pivot. 

7. A laser pointing apparatus as claimed in claim 1, Said 
apparatus further comprising: 

distance displacement Sensors for detecting a Z-axis 
direction displacement from a Stationary position of a 
reference point on each of the arms, and 

a control block for receiving Signals from the distance 
displacement sensors to calculate an angle (hereinafter, 
referred to as an angular displacement) of rotation of 
the mirror from the Stationary position, and adjusting 
coil currents to be applied to the coil magnets according 
to the relationships between the permanent magnets 
and the coil magnets, thus controlling the angular 
displacement. 

8. A laser pointing apparatus as claimed in claim 2, Said 
apparatus further comprising: 

distance displacement Sensors for detecting a Z-axis 
direction displacement from a Stationary position of a 
reference point on each of the arms, and 

a control block for receiving Signals from the distance 
displacement sensors to calculate an angle (hereinafter, 
referred to as an angular displacement) of rotation of 
the mirror from the Stationary position, and adjusting 
coil currents to be applied to the coil magnets according 
to the relationships between the permanent magnets 
and the coil magnets, thus controlling the angular 
displacement. 

9. A laser pointing apparatus as claimed in claim 3, Said 
apparatus further comprising: 

distance displacement Sensors for detecting a Z-axis 
direction displacement from a Stationary position of a 
reference point on each of the arms, and 

a control block for receiving Signals from the distance 
displacement sensors to calculate an angle (hereinafter, 
referred to as an angular displacement) of rotation of 
the mirror from the Stationary position, and adjusting 
coil currents to be applied to the coil magnets according 
to the relationships between the permanent magnets 
and the coil magnets, thus controlling the angular 
displacement. 

10. A laser pointing apparatus as claimed in claim 4, Said 
apparatus further comprising: 
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distance displacement Sensors for detecting a Z-axis 
direction displacement from a Stationary position of a 
reference point on each of the arms, and 

a control block for receiving Signals from the distance 
displacement Sensors to calculate an angle (hereinafter, 
referred to as an angular displacement) of rotation of 
the mirror from the Stationary position, and adjusting 
coil currents to be applied to the coil magnets according 
to the relationships between the permanent magnets 
and the coil magnets, thus controlling the angular 
displacement. 

11. A laser pointing apparatus as claimed in claim 5, Said 
apparatus further comprising: 

distance displacement Sensors for detecting a Z-axis 
direction displacement from a Stationary position of a 
reference point on each of the arms, and 

a control block for receiving Signals from the distance 
displacement Sensors to calculate an angle (hereinafter, 
referred to as an angular displacement) of rotation of 
the mirror from the Stationary position, and adjusting 
coil currents to be applied to the coil magnets according 
to the relationships between the permanent magnets 
and the coil magnets, thus controlling the angular 
displacement. 

12. A laser pointing apparatus as claimed in claim 6, Said 
apparatus further comprising: 

distance displacement Sensors for detecting a Z-axis 
direction displacement from a Stationary position of a 
reference point on each of the arms, and 

a control block for receiving Signals from the distance 
displacement Sensors to calculate an angle (hereinafter, 
referred to as an angular displacement) of rotation of 
the mirror from the Stationary position, and adjusting 
coil currents to be applied to the coil magnets according 
to the relationships between the permanent magnets 
and the coil magnets, thus controlling the angular 
displacement. 

13. A laser pointing apparatus as claimed in claim 7, 
wherein said control block includes: 

angle calculation means for calculating an angular dis 
placement from the position displacement values 
detected by the distance displacement Sensors, 

an angle Specifier for Specifying a target angular displace 
ment, 

angle control means for calculating coil current adjust 
ment values for the respective coil magnets So that the 
angular displacement calculated is matched with the 
target angular displacement, and for generating coil 
current instruction signals instructing to apply coil 
currents of the calculated values to the respective coil 
magnets, and 

a coil magnet driver circuit for applying currents to the 
respective coil magnets according to the coil current 
instruction signals. 

14. A laser pointing apparatus as claimed in claim 8, 
wherein said control block includes: 

angle calculation means for calculating an angular dis 
placement from the position displacement values 
detected by the distance displacement Sensors, 
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an angle Specifier for Specifying a target angular displace 
ment, 

angle control means for calculating coil current adjust 
ment values for the respective coil magnets So that the 
angular displacement calculated is matched with the 
target angular displacement, and for generating coil 
current instruction signals instructing to apply coil 
currents of the calculated values to the respective coil 
magnets, and 

a coil magnet driver circuit for applying currents to the 
respective coil magnets according to the coil current 
instruction signals. 

15. A laser pointing apparatus as claimed in claim 9, 
wherein said control block includes: 

angle calculation means for calculating an angular dis 
placement from the position displacement values 
detected by the distance displacement Sensors, 

an angle Specifier for Specifying a target angular displace 
ment, 

angle control means for calculating coil current adjust 
ment values for the respective coil magnets So that the 
angular displacement calculated is matched with the 
target angular displacement, and for generating coil 
current instruction signals instructing to apply coil 
currents of the calculated values to the respective coil 
magnets, and 

a coil magnet driver circuit for applying currents to the 
respective coil magnets according to the coil current 
instruction signals. 

16. A laser pointing apparatus as claimed in claim 10, 
wherein said control block includes: 

angle calculation means for calculating an angular dis 
placement from the position displacement values 
detected by the distance displacement Sensors, 

an angle Specifier for Specifying a target angular displace 
ment, 

angle control means for calculating coil current adjust 
ment values for the respective coil magnets So that the 
angular displacement calculated is matched with the 
target angular displacement, and for generating coil 
current instruction signals instructing to apply coil 
currents of the calculated values to the respective coil 
magnets, and 

a coil magnet driver circuit for applying currents to the 
respective coil magnets according to the coil current 
instruction signals. 

17. A laser pointing apparatus as claimed in claim 11, 
wherein said control block includes: 

angle calculation means for calculating an angular dis 
placement from the position displacement values 
detected by the distance displacement Sensors, 

an angle Specifier for Specifying a target angular displace 
ment, 

angle control means for calculating coil current adjust 
ment values for the respective coil magnets So that the 
angular displacement calculated is matched with the 
target angular displacement, and for generating coil 
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current instruction signals instructing to apply coil 
currents of the calculated values to the respective coil 
magnets, and 

a coil magnet driver circuit for applying currents to the 
respective coil magnets according to the coil current 
instruction signals. 

18. A laser pointing apparatus as claimed in claim 12, 
wherein said control block includes: 

angle calculation means for calculating an angular dis 
placement from the position displacement values 
detected by the distance displacement Sensors, 

an angle Specifier for Specifying a target angular displace 
ment, 

angle control means for calculating coil current adjust 
ment values for the respective coil magnets So that the 
angular displacement calculated is matched with the 
target angular displacement, and for generating coil 
current instruction signals instructing to apply coil 
currents of the calculated values to the respective coil 
magnets, and 

a coil magnet driver circuit for applying currents to the 
respective coil magnets according to the coil current 
instruction signals. 

19. A laser pointing apparatus as claimed in claim 13, 
wherein 

Said elastic Support mechanism can move the mirror 
holder in the Z-axis direction; and 

said control block further includes: 

translation amount calculation means for calculating an 
average value of the respective arm displacement in 
the Z-axis direction So as to obtain an average 
translation distance (hereinafter, referred to as an 
actual translation amount) of the mirror in the Z-axis 
direction; 

a translation amount Specifier for Specifying a target 
translation amount (hereinafter, referred to as a target 
translation amount); 

translation amount control means for calculating a 
Second adjustment value of the coil current which 
causes the actual translation amount to be matched 
with the target translation amount, and for generating 
a coil current adjustment signal; and 

a translation amount regulator for adding the coil 
current instruction Signal to the coil current adjust 
ment Signal to obtain a new coil current instruction 
Signal to be transmitted to the coil magnet driver 
circuit. 

20. A laser pointing apparatus as claimed in claim 14, 
wherein 

Said elastic Support mechanism can move the mirror 
holder in the Z-axis direction; and 

said control block further includes: 

translation amount calculation means for calculating an 
average value of the respective arm displacement in 
the Z-axis direction So as to obtain an average 
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translation distance (hereinafter, referred to as an 
actual translation amount) of the mirror in the Z-axis 
direction; 

a translation amount Specifier for Specifying a target 
translation amount (hereinafter, referred to as a target 
translation amount); 

translation amount control means for calculating a 
Second adjustment value of the coil current which 
causes the actual translation amount to be matched 
with the target translation amount, and for generating 
a coil current adjustment Signal; and 

a translation amount regulator for adding the coil 
current instruction Signal to the coil current adjust 
ment Signal to obtain a new coil current instruction 
Signal to be transmitted to the coil magnet driver 
circuit. 

21. A laser pointing apparatus as claimed in claim 15, 
wherein 

Said elastic Support mechanism can move the mirror 
holder in the Z-axis direction; and 

said control block further includes: 

translation amount calculation means for calculating an 
average value of the respective arm displacement in 
the Z-axis direction So as to obtain an average 
translation distance (hereinafter, referred to as an 
actual translation amount) of the mirror in the Z-axis 
direction; 

a translation amount Specifier for Specifying a target 
translation amount (hereinafter, referred to as a target 
translation amount); 

translation amount control means for calculating a 
Second adjustment value of the coil current which 
causes the actual translation amount to be matched 
with the target translation amount, and for generating 
a coil current adjustment Signal; and 

a translation amount regulator for adding the coil 
current instruction Signal to the coil current adjust 
ment Signal to obtain a new coil current instruction 
Signal to be transmitted to the coil magnet driver 
circuit. 

22. A laser pointing apparatus as claimed in claim 16, 
wherein 

Said elastic Support mechanism can move the mirror 
holder in the Z-axis direction; and 

said control block further includes: 

translation amount calculation means for calculating an 
average value of the respective arm displacement in 
the Z-axis direction So as to obtain an average 
translation distance (hereinafter, referred to as an 
actual translation amount) of the mirror in the Z-axis 
direction; 

a translation amount Specifier for Specifying a target 
translation amount (hereinafter, referred to as a target 
translation amount); 

translation amount control means for calculating a 
Second adjustment value of the coil current which 
causes the actual translation amount to be matched 
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with the target translation amount, and for generating 
a coil current adjustment signal; and 

a translation amount regulator for adding the coil 
current instruction Signal to the coil current adjust 
ment Signal to obtain a new coil current instruction 
Signal to be transmitted to the coil magnet driver 
circuit. 

23. A laser pointing apparatus as claimed in claim 17, 
wherein 

Said elastic Support mechanism can move the mirror 
holder in the Z-axis direction; and 

said control block further includes: 

translation amount calculation means for calculating an 
average value of the respective arm displacement in 
the Z-axis direction So as to obtain an average 
translation distance (hereinafter, referred to as an 
actual translation amount) of the mirror in the Z-axis 
direction; 

a translation amount Specifier for Specifying a target 
translation amount (hereinafter, referred to as a target 
translation amount); 

translation amount control means for calculating a 
Second adjustment value of the coil current which 
causes the actual translation amount to be matched 
with the target translation amount, and for generating 
a coil current adjustment signal; and 

a translation amount regulator for adding the coil 
current instruction Signal to the coil current adjust 
ment Signal to obtain a new coil current instruction 
Signal to be transmitted to the coil magnet driver 
circuit. 

24. A laser pointing apparatus as claimed in claim 18, 
wherein 

Said elastic Support mechanism can move the mirror 
holder in the Z-axis direction; and 

said control block further includes: 

translation amount calculation means for calculating an 
average value of the respective arm displacement in 
the Z-axis direction So as to obtain an average 
translation distance (hereinafter, referred to as an 
actual translation amount) of the mirror in the Z-axis 
direction; 

a translation amount Specifier for Specifying a target 
translation amount (hereinafter, referred to as a target 
translation amount); 

translation amount control means for calculating a 
Second adjustment value of the coil current which 
causes the actual translation amount to be matched 
with the target translation amount, and for generating 
a coil current adjustment signal; and 

a translation amount regulator for adding the coil 
current instruction Signal to the coil current adjust 
ment Signal to obtain a new coil current instruction 
Signal to be transmitted to the coil magnet driver 
circuit. 

25. An on-fulcrum movement drive apparatus for moving 
an object to be driven around two imaginary axes vertically 
interSecting each other, Said apparatus comprising: 
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a frame for Supporting the object to be driven; 
an elastic Support mechanism provided between the frame 

and the object to be driven, for Supporting the object to 
be driven at one point on the rear Surface of the object, 
So that the object is movably mounted on the frame; and 

an actuator provided on the frame for moving the object 
to be driven, by applying a force to a position on the 
object which is apart from the Support position Sup 
ported by Said elastic Support mechanism. 

26. An on-fulcrum movement drive apparatus as claimed 
in claim 25, wherein Said Support position of the object to be 
driven is approximately at the center of the rear Surface of 
the object to be driven. 

27. An on-fulcrum movement drive apparatus as claimed 
in claim 25, wherein Said elastic Support mechanism 
includes: 

an elastic shaft made from a non-expandable elastic 
member extending backward of the object to be driven 
and having one end fixed to the rear Surface of the 
object to be driven and the other end fixed to the frame; 
and 

at least three Springs, each having one end fixed to the 
object to be driven where the elastic shaft’s end is fixed 
and the other end fixed to the frame at different posi 
tions So that the Springs are spread toward the frame. 

28. An on-fulcrum movement drive apparatus as claimed 
in claim 27, Said apparatus has four of Said Springs are 
arranged approximately at 90 degrees to adjacent Springs. 

29. An on-fulcrum movement drive apparatus as claimed 
in claim 27, wherein Said Springs are plate Springs. 

30. An on-fulcrum movement drive apparatus as claimed 
in claim 27, wherein Said Springs are coil springs. 

31. An on-fulcrum movement drive apparatus as claimed 
in claim 25, Said actuator applies a force to at least two 
positions on the object to be driven. 

32. An on-fulcrum movement drive apparatus as claimed 
in claim 25, Said actuator applies a force to four positions on 
the object to be driven. 

33. An on-fulcrum movement drive apparatus as claimed 
in claim 25, Said actuator applies a force to the object to be 
driven, from the rear side of the object. 

34. An on-fulcrum movement drive apparatus as claimed 
in claim 25, Said actuator is realized as four actuators 
arranged approximately at an identical interval on an imagi 
nary circle Surrounding the center of the rear Surface of the 
object to be driven, So that each of the actuators applies from 
their respective positions a force to the object to be driven. 

35. An on-fulcrum movement drive apparatus as claimed 
in claim 25, Said actuator includes a coil magnet and a 
permanent magnet, one of which is fixed to the object to be 
drive and the other is fixed to the frame in Such a manner that 
the coil magnet and the permanent magnet are arranged at a 
distance to oppose to each other. 

36. An on-fulcrum movement drive apparatus as claimed 
in claim 35, wherein the permanent magnet is fixed to the 
object to be driven and the coil magnet is fixed to the frame. 

37. An on-fulcrum movement drive apparatus as claimed 
in claim 27, wherein the frame includes a base opposing to 
the rear Surface of the object to be driven, and the lower ends 
of the elastic Shaft and the Springs are fixed to the base. 

38. An on-fulcrum movement drive apparatus as claimed 
in claim 37, wherein the actuator is fixed to the base. 
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39. An on-fulcrum movement drive apparatus as claimed 
in claim 37, wherein the frame includes: 

walls arranged at the back of the object to be driven So as 
to Surround the object; and 

a beam bridging the walls, 
wherein the elastic shaft has a lower end fixed to the beam 

and the Springs have their lower ends fixed to the walls. 
40. An on-fulcrum movement drive apparatus as claimed 

in claim 39, wherein the actuators are attached to the walls. 
41. An on-fulcrum movement drive apparatus as claimed 

in claim 25, Said apparatus further comprising: 
a position Sensor for detecting positions of at least two 

points on the object to be driven, with respect to the 
position of the frame; and 

a control block for receiving an output signal from the 
position Sensor So as to calculate an angle of the object 
to be drive, and driving the actuator according to the 
calculated angle and the Specified angle, thus control 
ling the angle of the object to be driven. 

42. An on-fulcrum movement drive apparatus as claimed 
in claim 41, wherein Said position Sensor is a non-contact 
type Sensor for detecting the position in a non-contact State. 

43. An on-fulcrum movement drive apparatus as claimed 
in claim 42, wherein Said position Sensor is provided at the 
back of the object to be driven at a distance from the object 
for detecting a distance up to the rear Surface of the object. 

44. An on-fulcrum movement drive apparatus as claimed 
in claim 42, wherein said position Sensor is realized four 
position Sensors arranged at the back of the object to be 
driven, approximately at an identical interval from one 
another on an imaginary circle Surrounding the center of the 
rear Surface of the object, each for detecting a distance up to 
the rear Surface of the object to be driven. 

45. An on-fulcrum movement drive apparatus as claimed 
in claim 44, wherein each of Said position Sensor is located 
approximately at an identical distance from the rear Surface 
of the object to be driven at its stationary position before 
movement. 
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46. An on-fulcrum movement drive apparatus as claimed 
in claim 41, wherein the actuator is realized by four actuator 
arranged at the back of the object to be driven and approxi 
mately at an identical interval from one another on an 
imaginary circle Surrounding the center of the rear Surface of 
the object to be driven; and the position Sensor is realized by 
four position Sensors located between the center of the rear 
Surface of the object and the respective actuators. 

47. An on-fulcrum movement drive apparatus as claimed 
in claim 41, wherein the actuator is realized by four actuator 
arranged at the back of the object to be driven and approxi 
mately at an identical interval from one another on an 
imaginary circle Surrounding the center of the rear Surface of 
the object to be driven; and the position Sensor is realized by 
four position Sensors, each located between two adjacent 
actuatOrS. 

48. An on-fulcrum movement drive apparatus as claimed 
in claim 41, wherein the actuator is realized by four actuator 
arranged at the back of the object to be driven and approxi 
mately at an identical interval from one another on an 
imaginary circle Surrounding the center of the rear Surface of 
the object to be driven; and the position Sensor is realized by 
four position Sensors, each located at Such a position that a 
corresponding actuator is Sandwiched by the position Sensor 
and the center of the rear surface of the object to be driven. 

49. An on-fulcrum movement drive apparatus as claimed 
in claim 41, wherein Said position Sensor is Selected from a 
group consisting of an eddy-current displacement Sensor, a 
laser interferometry Sensor, and a reflected light amount 
detection type optical fiber sensor. 

50. An on-fulcrum movement drive apparatus as claimed 
in claim 25, wherein said object to be driven is selected from 
a g group consisting of an antenna, a mirror, and an 
on-fulcrum movement Seat. 

51. An on-fulcrum movement drive apparatus as claimed 
in claim 25, wherein Said apparatus is mounted on a Space 
object together with said object to be driven. 


