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(57) A liffing load attitude controlling system

includes a lifting load pivoting clutch 20 provided

between a gyro frame 1 and a gimbal frame 6 for con- FIG.1
necting and disconnecting therebetween, and a reset-
ting obliquely rotating clutch provided between a
resetting oblique rotation driving portion constituted of a
resetting oblique rotation driving motor 19 for obliquely
rotating a gimbal 8 upon returning the gimbal 8 at a ini-
tial position and a warm gear, and the gimbal 8 for con-
necting and disconnecting therebetween. Upon
obliquely rotating the gimbal for returning to the initial
position, the resetting obliquely rotating clutch is placed
in the engaged or connected state and the lifting load
pivoting clutch is placed in the disengaged or discon-
nected state. When the resetting oblique rotation driving
motor 19 is driven at this condition, a gyro moment
which is generated upon obliquely driving the gimbal
toward the gyro frame 1 (lifting jig 4) via a variable con-
stant torque motor 19 between the gyro frame 1 and a
gimbal frame 6. However, since the gyro moment is
much smaller than the inertia moment of the lifting load
to provide little influence for pivoting motion of the lifting
load.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a method and a
system for controlling attitude of a lifting load for appro-
priately pivoting a lifting load lifted by means of a wire
rope or so forth. More specifically, the invention relates
to a system which carries a gyro on a lifting jig for lifting
the lifting load in horizontal attitude by means of the wire
rope or so forth and obtaining a horizontal rotating force
of the lifting jig in the horizontal direction utilizing a gyro
effect.

Description of the Related Art

Conventionally, there are proposals for a crane with
a rigid arm or rotary apparatus utilizing torsion of a rope
as reacting force, for automating pivoting operation of a
lifting load in a cargo operation. The former apparatus is
excessively large in weight in relation to a lifting per-
formance. The latter apparatus is unstable in pivoting
behavor of lifting load. In place of these apparatus, there
has been proposed a rotating attitude control system
utilizing gyro effect (for example, Japanese Examined
Patent Publication (Kokoku) No. Heisei 4-17873).

The rotating attitude controlling system for the lifting
load disclosed in the above-identified publication is
formed with a lifting jig which is hanged in horizontal atti-
tude on a wire rope and mounting a lifting load at the
lower portion thereof, a frame fixed on the lifting jig, and
a case rotatable about a rotation axis parallel to an
extending direction relative to the frame, and a flywheel
capable of spinning shaft perpendicular to a surface
including a rotation axis of the case. The case and the
flywheel form a gimbal structure to form pseudo gyro
scope together with the frame. Then, by detecting an
angle of natural pivoting motion of the lifting load by
external disturbance, such as wind and so forth, the lift-
ing load is pivoted in the opposite direction in a magni-
tude corresponding to the natural rotation by driving the
gymbal by a motor, while the natural rotation anagle is
relatively small, for constantly maintaining predeter-
mined azimuth angle.

On the other hand, in such rotating attitude control-
ling system of the lifting load utilizing the gyro effect,
rotational position of the gimbal in repeated use of the
system cannot be constant. Also, when external distur-
bance, such as wind or so forth, is exerted on the pivot
axis of the lifting load (lifting jig), by rotating the gimbal
for orienting a spinning shaft of the flywheel at substan-
tially vertical direction, rotation due to external distur-
bance can be restricted. However, it may maintain
oblique position due to shifting of the offset position by
rotation of gimbal.

Here, the offset position is the rotational position of
the gimbal when the driving motor of the gimbal is not
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actuated and the gimbal is not locked.

Subsequently, when the gimbal is rotated to a initial
position (hereinafter simply referred to as "initial posi-
tion™) to orient the spinning shaft, rotation in the direc-
tion of external disturbance is accelerated. While such
pre-session force is convenient if pivots the lifting load in
the same direction to the rotating direction by the exter-
nal disturbance, when a rotational force in opposite
direction is to be applied, it becomes necessary to
return to the initial position by tilting the gimbal to exert
the pivoting force on the lifting load in the same direction
to the rotating direction by the external disturbance.

On the other hand, when driving of the motor for
rotating the gimbal is terminated, a component of accel-
erating rotation can be canceled by rotating the gimbal.
Therefore, it is not possible to return the gimbal to the
initial position simply by rotating the gimbal in the oppo-
site direction.

As set forth above, it is required substantial skill for
returning the gimbal from the rotated position to the ini-
tial position. Furthermore, since the operator is often
stay away from the system, resetting operation by the
operator alone is further difficult.

SUMMARY OF THE INVENTION

The present invention is worked out in view of the
problems in the prior art. Therefore, it is an object of the
present invention to provide a method and system for
controlling a lifting load which can easily return a gimbal
which is rotated by external disturbance, to a initial posi-
tion utilizing a gyro effect without influencing pivoting
motion of the lifting load.

In order to accomplish the above-mentioned object,
according to the first aspect of the invention, a lifting
load attitude control system utilizing a gyro effect, com-
prises:

a lifting jig to be hanged in horizontal attitude for
hanging a lifting load;

a gyro frame fixed to the lifting jig;

a gimbal frame rotatable about a rotating axis per-
pendicular to a gimbal frame;

a gimbal rotatable about a rotation shaft extending
perpendicular to a surface including the rotating
axis of the gimbal frame, with respect to the gimbal
frame;

a flywheel capable of spinning about a spinning
shaft perpendicular to a surface including the rota-
tion shaft with respect to the gimbal;

a rotational driving portion mounted on the gimbal
frame and driving the gimbal in forward and reverse
direction;

a spinning driving portion mounted on the gimbal
and spinning the flywheel;

a lifting load pivoting clutch for making the gyro
frame and the gimbal frame releasable; and

a mechanism for canceling a reaction torque to be
exerted on the rotational driving portion from the
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gimbal frame.

In the construction set forth above, under the nor-
mal rotating operation, the lifting load pivoting clutch is
placed in engaged or connected position. By driving the
spinning driving portion and the rotational driving por-
tion at this condition, rotation and stopping of pivoting
motion of the lifting load is performed.

When external disturbance, such as wind or so
forth is exerted on the lifting load for causing pivoting
motion about the pivoting axis, the gimbal is rotated to
place the spinning shaft of the flywheel at the orienta-
tion close to vertical depending upon the magnitude of
the externally applied disturbing force. Thereafter, when
the gimbal is returned to the initial position, the lifting
load pivoting clutch is placed in disengaged condition
and the rotational driving portion is driven in reverse
direction. Then, the gimbal rotates obliquely. At this
time, since the flywheel is held rotating, gyro effect is
caused to rotation of the gimbal frame in the same
direction. However, since the gimbal frame and the gyro
frame (lifting jig) are spaced away from each other, the
gimbal may solely rotated without influencing to the gyro
frame. Accordingly, the gimbal may be returned to the
initial position without exerting pivoting force to the lifting
load in the same direction.

It should be noted that when the switch of the rota-
tional driving portion is turned OFF when the gimbal
frame returns to the initial position, inertia force is
exerted on the gimbal frame for further rotation to cause
opposite gyro effect to act a force (torque) to obliquely
rotate the gimbal in the direction way from the initial
position on the rotational driving portion. However, since
the mechanism for canceling the reaction torque is pro-
vided, the gimbal can be maintained at the initial posi-
tion.

According to the second aspect of the invention, the
lifting load attitude control system may further comprise:

a resetting oblique rotation driving portion for
obliquely rotating the gimbal upon returning the
gimbal at initial position;

a warm gear mechanism connected to the resetting
oblique rotation driving portion;

a resetting obliquely rotating cluich provided
between the warm gear mechanism and the gimbal
or the rotational driving portion and making them
releasable; and

control means for controlling pivoting motion of the
lifting load hanged on the lifting jig by controlling
driving of the spinning driving portion, the rotational
driving portion, and engagement and disengage-
ment of the lifting load pivoting clutch and the reset-
ting obliquely rotating clutch.

In the normal rotating operation, in addition to main-
taining of the lifting load pivoting clutch in the engaged
condition, the resetting obliquely rotating clutch is
placed in the disengaged position. Upon oblique rota-
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tion for returning the gimbal to the initial position, the
resetting obliquely rotating clutch is placed in engaged
position and the lifting load pivoting clutch is placed in
disengaged position. When the resetting oblique rota-
tion driving portion is driven at this position, similarly to
the first aspect of the invention, the gimbal may be
rotated without exerting pivoting force for the lifting load.

According to the third aspect of the invention, the
lifting load attitude control system may further comprise
a variable constant torque transmitting device provided
between the gyro frame and the gimbal frame.

Upon obliquely rotating the gimbal to return to the
initial position, the gimbal frame is rotated by gyro effect.
Then, only relatively small torque set by the variable
constant torque transmission device is transmitted to
the gyro frame. The gimbal can be quickly returned to
the initial position with little influence for gyro frame and
thus the lifting jig (lifting load). At this time, As a reaction
field of the inertia moment of the lifting load, small trans-
mission torque between the gyro frame and the gimbal
frame serves as a force for braking rotation of the gim-
bal frame.

According to the fourth aspect of the invention, a
method for controlling pivoting motion of a lifting load
hanged by a lifting jig employing a lifting load attitude
control system as set forth above, comprises the steps
of:

placing the lifting load pivoting clutch in engaged
condition, placing the resetting obliquely rotating
clutch in disengaged condition and driving the spin-
ning driving portion and the rotational driving por-
tion during normal rotating operation; and

placing the resetting obliquely rotating clutch in
engaged condition, placing the lifting load pivoting
clutch in disengaged condition and driving the
resetting oblique rotation driving portion upon
returning the gimbal to the initial position.

According to the fifth aspect of the invention, a lift-
ing load attitude control system utilizing a gyro effect,
comprises:

a lifting jig to be hanged in horizontal attitude for
hanging a lifting load;

a gyro frame fixed to the lifting jig;

a gimbal frame rotatable about a rotating axis per-
pendicular to a gimbal frame;

a gimbal rotatable about a rotation axis extending
perpendicular to a surface including the rotating
axis of the gimbal frame, with respect to the gimbal
frame;

a flywheel capable of spinning about a spinning
shaft perpendicular to a surface including the rota-
tion axis with respect to the gimbal;

a rotational driving portion mounted on the gimbal
frame and driving the gimbal in forward and reverse
direction;

a spinning driving portion mounted on the gimbal
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and spinning the flywheel;

a rotational position detecting sensor for detecting a
rotational position of the gimbal;

the rotational driving portion controlling rotation of
the gimbal from the rotational position toward initial
position on the basis of the output if the rotational
position detecting sensor; and

braking means for stopping the rotational driving
portion when the rotational position of the gimbal
substantially match with the initial position.

With such system, on the basis of the rotational
position signal from the rotational position detecting
sensor, a sequence of control for resetting the gimbal at
the initial position by controlling rotation of the gimbal.
experience and qualification is not required to reset gim-
bal in operation by one operator.

According to the sixth aspect of the invention, a
method for controlling pivoting motion of a lifting load
hanged on a lifting jig employing a lifting load attitude
control system utilizing a gyro effect as set forth above,
comprises the steps of:

fixing the lifting jig or the lifting load on a stationary
portion to make prohibiting them from rotation irre-
spective of forced rotation of the gimbal;
subsequently rotating the gimbal by the rotational
driving portion for returning to the initial position.

In this method, when the lifting load is lifted under
the condition where the flywheel is driven for spinning in
the predetermined direction at high speed to forcedly
vary the attitude of the lifting load, the gimbal is forcedly
rotated by the rotational driving portion to cause the
gyro effect to rotate the lifting jig (lifting load) in the
direction not being obstructed by the weight component
of the lifting load.

On the other hand, in order to stop rotation as forc-
edly rotated, by shutting off power supply for the driving
motor to cause the pivoting inertia moment of the lifting
load to be exerted on the gimbal to generate the gyro
moment by the gyro effect for obstructing pivoting
motion of the lifting load to stop rotation.

When the system subjects external disturbance,
such as wind to cause rotation of the gimbal to shift the
offset position, or in the alternative when the gimbal is to
be placed at the initial position, the lifting jig or the lifting
load is placed at the fixing portion, such as the construc-
tion, ground or so forth, or fixed by other means so as
not to pivot irrespective of rotation of the gimbal. There-
after, on the basis of the rotational position o the gimbal
detected by the rotational position detecting sensor, the
gimbal is rotated in the direction requiring smaller rota-
tional magnitude to reach the initial position. Upon
detection of reaching at the position close to the initial
position, the gimbal is locked. By this, the gimbal may
be reset at the initial position with releasing the gyro
effect, lifting operation for the lifting load requiring pivot-
ing of the lifting load can be continuously performed.
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According to the seventh aspect of the invention, a
lifting load attitude control system utilizing a gyro effect,
comprising:

a lifting jig handed in horizontal attitude for hanging
a lifting load;

a gyro frame fixed to a lifting jig;

a gimbal frame rotatable about a rotation axis per-
pendicular to the gyro frame;

a gimbal rotatable about a rotation axis perpendic-
ular to a surface including the rotation axis of the
gimbal frame, relative to the gimbal frame;

a flywheel capable of spinning about a spinning
shaft perpendicular to the surface including the
rotation axis;

a rotational driving portion for rotating the gimbal
mounted on the gimbal frame in the forward and
reverse direction;

a spinning driving portion for spinning the flywheel
mounted on the gimbal;

a rotational position detecting sensor for detecting a
rotational position of the gimbal;

air ejecting means for generating a moment about a
rotation shaft on the lifting jig for rotating the later
from the rotational position of the gimbal to an initial
position by reaction associating with air ejection on
the basis of the output of the rotational position
detecting sensor; and

braking means for stopping the rotational driving
portion when the rotational position of the gimbal
substantially match with the initial position.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood more fully
from the detailed description given herebelow and from
the accompanying drawings of the preferred embodi-
ment of the invention, which, however, should not be
taken to be limitative to the present invention, but are for
explanation and understanding only.

In the drawings:

Fig. 1 is a front elevation showing an overall con-
struction of one embodiment of a lifting load attitude
controlling system utilizing a gyro effect, according
to the present invention;

Fig. 2 is an explanatory illustration showing a mech-
anism for canceling a reaction torque;

Fig. 3 is a partially sectioned front elevation of
another embodiment of the lifting load attitude con-
trolling system utilizing the gyro effect, according to
the invention;

Fig. 4 is a partially sectioned side elevation of the
system of Fig. 3;

Fig. 5 is a perspective view showing a further
embodiment of the method and system for control-
ling attitude of the lifting load according to the
present invention; and

Fig. 6 is a perspective view showing a still further
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embodiment of the lifting load attitude control sys-
tem employing a gyro effect, according to the
present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention will be discussed in detail in
terms of the preferred embodiment, with reference to
the accompanying drawings. In the following descrip-
tion, numerous specific details are set forth in order to
provide a thorough understanding of the present inven-
tion. It will be obvious, however, to those skilled in the
art that the present invention may be practiced without
these specific details. In other instance, well-known
structures are not shown in detail in order to unneces-
sary obscure the present invention.

Figs. 1 and 2 show a lifting load attitude controlling
system utilizing a gyro effect according to the present
invention. The shown lifting load attitude controlling sys-
tem includes a box shaped gyro frame 1 hanged by a
crane (not shown), a lifting jig 4 formed with wide flange
beam or H steel for hanging down a lifting load 3 (wide
flange beam in the shown case) with hanging ropes 2, 2
fixedly integrated in the horizontal condition on the bot-
tom portion of the gyro frame 1, a gimbal frame 6 rotat-
able about a vertical rotation axis 5 within the gyro
frame 1, a gimbal 8 rotatable about a rotation shaft 7
with respect to the gimbal frame 6, and a flywheel 10
which can spin about a spinning shaft 9 with respect to
the gimbal 8.

The gimbal 8 is rotatable at appropriate speed in
forward and reverse directions about the rotation axis 7
(axis parallel to the lifting jig 4) perpendicular to a sur-
face including a rotation axis 5 of the gimbal frame 6 by
means of a gimbal driving motor 11 (rotary driving por-
tion) mounted on the gimbal frame 6. On the other hand,
the flywheel 10 can spin at high speed about the spin-
ning shaft 9 perpendicular to the surface including the
rotation shaft 7 of the gimbal 8 by a not shown spinning
motor (spin driving portion) mounted on the gimbal. The
gimbal driving motor 11 and the spinning motor are
electromagnetic motors driving for rotation and spinning
of the rotation shaft 7 and the spinning shaft 9 in non-
contact state, respectively.

Further concrete discussion will be given for rota-
tion mechanism of the gimbal 8. Namely, a driven pulley
12 is connected to one end of the rotation shaft 7 of the
gimbal 8. A driving pulley 14 is connected to one end of
a rotary driving shaft 13 arranged in parallel to the rota-
tion shaft 7. Between both pulleys 12 and 14, a timing
belt 15 is wound around. At the intermediate portion of
the rotary driving shaft 13, a rotational driving force of
the gimbal driving motor 11 is transmitted to the rotary
driving shaft 13 via a helical gear box 16.

Furthermore, the other end of the rotary driving
shaft 13 is releasably connected to a resetting obliquely
rotating motor 19 (resetting obliquely rotating driving
portion) via a resetting obliquely rotating clutch 17 (elec-
tromagnetic clutch) and a speed reduction mechanism
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18. The gimbal driving motor 11 can drive to rotate the
rotary driving shaft 13 in forward and reverse directions
in non-contact condition. A warm gear mechanism 18
has non-reversible characteristics for permitting trans-
mission of a driving force from the setting obliquely
rotating motor 19 to the rotary driving shaft 13 but pro-
hibiting transmission of driving force from the rotary
driving shaft 13 to the resetting oblique rotating motor
19.

The resetting obliquely rotating clutch 17 is placed
in released condition, the rotational driving force of the
gimbal driving motor 11 is transmitted to the rotating
driving shaft 13 and then transmitted to the rotation
shaft 7 of the gimbal 8 via the driving pulley 14, the tim-
ing belt 15 and driven pulley 12 in order. On the other
hand, when the resetting obliquely rotating clutch 17 is
placed in engaged condition, obliquely rotating driving
force of the resetting obliquely rotating motor 19 is
transmitted to the rotary driving shaft 13 and then trans-
mitted to the rotation shaft 7 of the gimbal 8. Accord-
ingly, the gimbal driving motor 11 drives the gimbal 8 in
forward and reverse directions, whereas the resetting
obliquely rotating motor 19 is adapted to drive the gim-
bal obliquely upon returning to the initial position.

It should be noted that the resetting obliquely rotat-
ing clutch may be directly connected to the gimbal via
the driven pulley 12 instead of connecting to the reset-
ting obliquely rotating motor 19.

Also, between the bottom surface of the gyro frame
1 and the upper surface of the bottom portion of the
gimbal frame 6, a lifting road rotating clutch 20 for con-
tacting and releasing the surfaces. The lifting load pivot-
ing clutch 20 is placed in connecting condition, the
gimbal frame 6 rotates integrally with the gyro frame 1,
namely the lifting jig 4 (lifting load 3). On the other hand,
when the lifting load pivoting clutch 20 is released, even
when rotation of the gimbal 8 is transmitted to the gim-
bal frame 6, the transmitted rotation force will never
influence to the lifting jig 4 (lifting load).

Between the lower surface of a ceiling portion of the
gyro frame 1 and the upper surface of the ceiling portion
of the gimbal frame 6, a variable constant torque trans-
mitting device 21 is provided. The variable constant
torque transmitting device 21 is adapted to transmit only
torque preliminarily set to be smaller among rotating
forces of the gimbal frame 6.

The gimbal frame 6, the gimbal 8, the flywheel 10
and so forth form a gyro. It should be noted that, at the
position of other end of the rotation shatft 7 of the gimbal,
a n oblique rotation detector 22 for detecting obliquely
rotating condition of the gimbal, is provided. Within the
gyro frame 1, a control unit 23 and so forth controlling
the gyro, the oblique rotation detector 22 and so forth
control rotational driving of the gimbal driving motor 11,
the spinning motor and the resetting obliquely rotating
motor 19, and controlling rotational driving of the reset-
ting oblique rotation clutch 17, the lifting load pivoting
clutch 20 for contacting and releasing.

Next, operation will be discussed.
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Upon normal rotating operation, the lifting load piv-
oting clutch 20 is placed in connected condition and the
resetting obliquely rotating clutch 17 is placed in discon-
nected or released condition. At this condition, the spin-
ning driving motor and the gimbal driving motor 11 are
driven to rotatingly drive the gimbal for generating gyro
effect to cause rotation of the lifting load 3 via the gimbal
frame 6, the gyro frame 1 and the lifting jig 4. On the
other hand, when rotational driving of the gimbal 8 is
stopped, the gimbal 8 is driven to rotate by rotational
force of the lifting load 3. By the gyro effect thus gener-
ated, the pivoting force of the lifting load 3 can be can-
celed to stop pivoting motion of the lifting load 3.

When external disturbance, such as wind and so
forth is exerted on the lifting load 3, the gimbal 8 is
rotated to orient spinning shaft 9 of the flywheel 10 at an
angle close to vertical depending upon the force of
external disturbance. Subsequently, upon obliquely
driving the gimbal to return to the initial position, the
resetting obliquely rotating clutch 17 is placed in the
connected condition and the lifting load pivoting clutch
20 is placed in released condition. At this condition,
when the resetting obliquely rotating motor 19 is driven,
the gimbal 8 is obliquely rotated via the warm gear
mechanism 18 and the rotatingly driving shaft 13. When
the gimbal frame 6 is driven to obliquely rotate in the
resetting direction, the gimbal frame 6 is rotated in the
same direction to the external disturbance by the gyro
effect. At this time, since the gyro frame 6 (lifting jig 4)
and the gimbal frame 6 are placed in released condition,
the rotational force of the gimbal 6 by gyro effect is not
transmitted to the gyro frame 1. Accordingly, the rota-
tional force is not transmitted to the lifting jig 4.

It should be noted that the resetting obliquely rotat-
ing motor 19 is connected to the warm gear mechanism
having non-reversible characteristics, anti-gyro moment
due to inertia moment of the gimbal frame 6 can be
dumped. Accordingly, by applying large torque at low
rotation speed for the gimbal, the gimbal frame 6 is
rotated by the gyro moment. The rotational force to be
transmitted to the gyro frame 1 acts on the variable con-
stant torque transmitting device 21 to be only smaller
rotational torque. Thus, the transmitted rotation force
may give little influence to the gyro frame 1.

Furthermore, if acceleration and deceleration con-
trol, such as speed control for accelerating zone, con-
stant speed zone and decelerating zone or so forth, is
performed upon obliquely rotating the gimbal frame 6,
operations of the variable constant torque transmission
device 21 and the warm gear mechanism 18 may be
caused depending upon oblique rotation speed and
torge of the gimbal and pivoting speed of the gimbal
frame 6, in chained manner so as to position of the gim-
bal at the predetermined position without significantly
influencing for pivoting motion of the lifting load 3, and to
control braking for the gimbal frame 6.

While the foregoing dicsussion has been given for
the case where the dedicated resetting obliquely rotat-
ing motor 19 is employed, it should be possible to reset
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the gimbal driving motor 11 without employing such
dedicated motor.

In such case, it becomes necessary to provide a
mechanism for canceling the reaction torque, as set
forth above. As such mechanism,

@ the gimbal driving motor 11 is constructed with a
motor 11A with a brake (Fig. 2a);

® an electromagnetic brake 24 a is provided on a
transmission shaft between the gimbal driving
motor 11 (rotatingly driving portion) and the gimbal
(Fig. 2b);

@ A ratchet mechanism is provided on the trans-
mission shaft between the gimbal driving motor 11
and the gimbal for selective engagement of the
claw of the rachet (Fig. 2c).

Next, discussion will be given for another embodi-
ment of the method and system for controlling attitude
of the lifting load according to the present invention. In
the shown embodiment, the gyro frame 1 is fixed on the
lower portion of the lifting jig 4 in depending condition.
On the other hand, the spinning shaft 9 of the flywheel
10 is located at lower side of the rotation shaft 7 of the
gimbal 8. A stopper 30 is provided at inner side portion
of the gyro frame 1 for restricting range of rotation of the
gimbal 8. Furthermore, in order to detect rotational posi-
tion of the rotation shaft 7, the rotational position detect-
ing sensor 31 is provided on the outer side of the gyro
frame 1.

As the rotational position detecting sensor 31, vari-
ous sensors, such as those combined with an encoder,
a potentiometer or limit switch, those combined with a
photosensor or so forth may be employed. On the other
hand, while a rotational position detecting sensor 31 is
essential in the shown embodiment, it is not essential to
fixedly secure the gyro frame 1 in dependent manner, to
provide the stopper 30, and to position the spinning
shaft 9 at lower side of the rotation shaft 7.

Then, when the external disturbance, such as wind
or so forth acts on the lifting load during lifting operation,
the offset position of the gimbal 8 is significantly dis-
placed in the extent corresponding to the external dis-
turbing component, and thus balance is significantly
destroyed in rotational performance in certain rotational
direction, the lifting jig 4 or lifting load 3 is placed on the
ground or stationary portion of the construction to make
impossible to pivot the lifting load irrespective of rotation
of the gimbal 8. Next, on the basis of the rotational posi-
tion detected by the gimbal rotational position detecting
sensor 31, the gimbal driving motor 11 is driven in the
direction requiring smaller rotational magnitude to the
initial position. When the rotational position detecting
sensor 31 detects the gimbal 8 reaching the rotational
position in the vicinity of the initial position, driving of the
motor 11 is stopped to stop rotation of the gimbal 8. At
the same time, by locking the gimbal 8, correction of the
offset position or resetting of the gimbal can be per-
formed in the condition where gyro effect is released.
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On the other hand, within the control unit 23, a radio
apparatus for transmitting and receiving an operation
signal from remote position is provided. The operator
performs ratio operation through an operating radio
apparatus in hand with visually operating rotational atti-
tude of the lifting load 3. The operator can be plural and
the operating position can be a plurality of separated
positions. When a plurality of operating radio apparatus
are employed, it is desirable to set preference of opera-
tion for assuring security.

It should be noted that the reference numeral 33
denotes a power source unit, in which a power source
battery and a battery charger are provided. When a
power source is supplied externally, a power source
converter may be provided.

Fig. 5 shows a further embodiment of the method
and system for controlling attitude of the lifting load
according to the present invention. In the shown embod-
iment, a plurality of rotation control systems are
employed for one lifting load 3. Then, any one of the
radio apparatus is taken as a master. Also, a cable con-
nector 34 is provide for making the signal thereof in
common to other radio apparatus. By connecting a plu-
rality of rotation control systems by a cable 35 via the
cable connectors 34, respective rotation control appara-
tus can be synchronized with each other. It should be
noted that the gyro frame 1 is fixed on the lifting jig so
that the weight of the lifting load 3 and the lifting weight
of the lifting equipment will not be exerted directly on the
gyro frame 1.

As shown in Fig. 5, when a plurality of rotating sys-
tems are arranged along a direction of the rotation shaft
(vertical direction), rotational vector axis for rotation can
be placed coaxially, or in quite close to the common
axis. Therefore, rotational force double or triple of gyro
effect can be obtained depending upon efficiency and
number of the rotating systems. When a plurality of
rotating systems are provided, they may be placed at
upper and lower sides of the lifting jig 4.

Fig. 6 shows the still further embodiment of the lift-
ing load attitude control system employing a gyro effect,
according to the present invention. In the shown embod-
iment, an air ejection means 40 are provided at both
ends of a lifting jig 4. By reacting force associating with
ejection of air from the air ejection means 40, the gimbal
8 displaced from the offset position is returned to the ini-
tial position.

In the inner bottom portion of the gyro frame 1, an
air compressor 41 is provided. A compressed air gener-
ated by the air compressor 41 is accumulated in a cylin-
drical air receiver tank 43 provided at the outer portion
of the gyro frame 1 via a first flexible hose 42. To the air
receiver tank 43, one end of a second flexible hose 44 is
connected. The other end of the second flexible hose 44
is connected to respective air ejection means 44.

Each of air ejection means 40 is provided with an
electromagnetic opening and closing valve 45 is con-
nected to the second flexible hose 44. In the electro-
magnetic opening and closing valve 45, an air ejection
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nozzle 46 extending in horizontal direction perpendicu-
lar to longitudinal direction of the lifting jig 4, and an air
ejection nozzle 47 extending in horizontally outside long
the longitudinal direction of the lifting jig 4 are con-
nected. Then, by controlling opening and closing the
electromagnetic opening and closing valve 45, the com-
pressed air is selectively ejected from respective noz-
zles 46 and 47.

As viewed the lifting jig 4 from the upper side, the
nozzle 46 ejects air foward tangent direction of a hori-
zontal circle having a diameter of the lifting jig 4. By
selectively ejecting air in the air gjecting means 40, the
lifting jig 4 is rotated in the direction opposite to the air
ejecting direction, or in the alternative, is shifted in par-
allel in the direction perpendicular to the longitudinal
direction of the lifting jig. Furthermore, by arbitrarily
combining nozzles 46 and 47 gjecting air, the lifting jig 4
can be shifted in the direction toward which a composite
propelling force by reaction of air ejection is directed.

It should be noted that the air ejection means 40 is
arranged at the same distance from the rotational axis
in the lifting jig, in order to cause the foregoing effect.

Here, the electromagnetic opening and closing
valve 45 is desirable to intermittently eject air from the
nozzles 46 and 47 by opening and closing the valve in
quire short cycle. This is because influence of the pres-
sure loss at the intermediate position of the pressurized
air supply path (particularly to the second flexible hose
44) is little and thus high pressure and high speed air
ejection can be obtained.

On the other hand, in the shown embodiment, the
rotational position detecting sensor 30 for detecting
rotational position of the gimbal is provided similarly to
the second embodiment. In addition, a brake device 48
for braking rotation of the rotation shaft 7 of the gimbal
is provided outside of the gyro frame 1, and a free rota-
tion control device 48 for electrically controlling free
rotation of the rotation shaft 7 are provided. The free
rotation control device 49 is a known device for prevent-
ing the rotation shaft 7 from rotation in the forward or
reverse direction or for preventing the rotation shaft 7
from rotating in any of the forward and reverse direc-
tions for disabling free rotation.

When the lifting load 3 is subject external distur-
bance, such as wind or so forth, during lifting operation,
and thus the gimbal is significantly displaced from the
offset position in the extent corresponding to the magni-
tude of absorbed external disturbance, or upon restrat-
ing, the gimbal is returned to the initial position in the
following manner.

Initialization Without Hanging Lifting Load

At first, after placing the gimbal in a state for free
rotation, on the basis of the rotational position detected
by the gimbal rotational position detecting sensor 30, air
is ejected from respective nozzles 46 located at both
ends of the lifting jig 4 to cause rotation of the gimbal 8
toward the initial position. Then, a force couple for caus-
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ing rotation of the lifting jig is generated to cause rota-
tion of the gimbal by gyro effect. At a timing where the
rotational position detecting sensor 30 detects the rota-
tional position of the gimbal 8 reaching in the vicinity of
the initial position, air ejection is terminated to stop rota-
tion of the gimbal. Simultaneously, the gimbal 8 is
locked in place by the brake device 48. Thus, without fix-
ing the lifting jig 4 or the lifting load 3 on the ground as
in the former embodiment, correction of the offset posi-
tion or resetting to the initial position of the gimbal can
be performed in the condition where the gyro effect is
released.

Initialization With Hanging Lifting Load

When the rotational force by ejection of air from the
nozzles 46 is applied to the lifting jig 3, as set forth
above under the condition where the lifting load is
hanged, the inertia force of the lifting load and spring
function of the hanging rope disposed between the lift-
ing jig 4 and the lifting load 3, it is possible to cause sim-
ple harmonic motion with a phase difference between
the lifting jig 4 and the lifting load 3. At this time, by
restricting rotational direction in one direction by the
gyro effect by the free rotation control device 49, the
gimbal 8 can be rotated to the initial position, intermit-
tently. It should be noted that the free rotation control
device 49 is applicable for the case where the gimbal 8
is returned to the initial position under the condition
where the lifting load is not hanged.

Although the invention has been illustrated and
described with respect to exemplary embodiment
thereof, it should be understood by those skilled in the
art that the foregoing and various other changes, omis-
sions and additions may be made therein and thereto,
without departing from the spirit and scope of the
present invention. Therefore, the present invention
should not be understood as limited to the specific
embodiment set out above but to include all possible
embodiments which can be embodies within a scope
encompassed and equivalents thereof with respect to
the feature set out in the appended claims.

Claims

1. Alifting load attitude control system utilizing a gyro
effect, comprising:

a lifting jig to be hanged in horizontal attitude
for hanging a lifting load;

a gyro frame fixed to said lifting jig;

a gimbal frame rotatable about a rotating shaft
perpendicular to a gimbal frame;

a gimbal rotatable about a rotation shaft
extending perpendicular to a surface including
said rotating shaft of said gimbal frame, with
respect to said gimbal frame;

a flywheel capable of spinning about a spinning
shaft perpendicular to a surface including said
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rotation shaft with respect to said gimbal;

a rotational driving portion mounted on said
gimbal frame and driving said gimbal in forward
and reverse direction;

a spinning driving portion mounted on said
gimbal and spinning said flywheel;

a lifting load pivoting clutch for making said
gyro frame and said gimbal frame releasable;
and

a mechanism for canceling a reaction torque to
be exerted on said rotational driving portion
from said gimbal frame.

2. Alifting load attitude control system as set forth in
claim 1, which further comprises:

a resetting oblique rotation driving portion for
obliquely rotating said gimbal upon returning
said gimbal at initial position;

a warm gear mechanism connected to said
resetting oblique rotation driving portion;

a resetting obliquely rotating clutch provided
between said warm gear mechanism and said
gimbal or said rotational driving portion and
making them releasable; and

control means for controlling rotation of said lift-
ing load hanged on said lifting jig by controlling
driving of said spinning driving portion, said
rotational driving portion, and engagement and
disengagement of said lifting load pivoting
clutch and said resetting obliquely rotating
clutch.

3. Alifting load attitude control system as set forth in
claim 1 or 2, which further comprises a variable
constant torque transmitting device provided
between said gyro frame and said gimbal frame.

4. A method for controlling pivoting motion of a lifting
load hanged by a lifting jig employing a lifting load
attitude control system as set forth in claim 1, 2 or
3, comprising the steps of:

placing said lifting load pivoting clutch in
engaged condition, placing said resetting
obliquely rotating clutch in disengaged condi-
tion and driving said spinning driving portion
and said rotational driving portion during nor-
mal rotating operation; and

placing said resetting obliquely rotating clutch
in engaged condition, placing said lifting load
pivoting clutch in disengaged condition and
driving said resetting oblique rotation driving
portion upon returning said gimbal to the initial
position.

5. Alifting load attitude control system utilizing a gyro
effect, comprising:
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a lifting jig to be hanged in horizontal attitude
for hanging a lifting load;

a gyro frame fixed to said lifting jig;

a gimbal frame rotatable about a rotating shaft
perpendicular to a gimbal frame;

a gimbal rotatable about a rotation shaft
extending perpendicular to a surface including
said rotating shaft of said gimbal frame, with
respect to said gimbal frame;

a flywheel capable of spinning about a spinning
shaft perpendicular to a surface including said
rotation shaft with respect to said gimbal;

a rotational driving portion mounted on said
gimbal frame and driving said gimbal in forward
and reverse direction;

a spinning driving portion mounted on said
gimbal and spinning said flywheel;

a rotational position detecting sensor for
detecting a rotational position of said gimbal;
said rotational driving portion controlling rota-
tion of said gimbal from the rotational position
toward initial position on the basis of the output
if said rotational position detecting sensor; and
braking means for stopping said rotational driv-
ing portion when the rotational position of said
gimbal substantially match with said initial posi-
tion.

6. A method for controlling pivoting motion of a lifting
load hanged on a lifting jig employing a lifting load
attitude control system utilizing a gyro effect as
defined in claim 5, comprising the steps of:

fixing said lifting jig or said lifting load on a sta-
tionary portion to make prohibiting them from
rotation irrespective of forced rotation of said
gimbal;

subsequently rotating said gimbal by said rota-
tional driving portion for returning to said initial
position.

7. Alifting load attitude control system utilizing a gyro
effect, comprising:

a lifting jig handed in horizontal attitude for
hanging a lifting load;

a gyro frame fixed to a lifting jig;

a gimbal frame rotatable about a rotation axis
perpendicular to the gyro frame;

a gimbal rotatable about a rotation axis perpen-
dicular to a surface including the rotation axis
of said gimbal frame, relative to said gimbal
frame;

a flywheel capable of spinning about a spinning
shaft perpendicular to the surface including
said rotation axis;

a rotational driving portion for rotating the gim-
bal mounted on said gimbal frame in the for-
ward and reverse direction;
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a spinning driving portion for spinning said fly-
wheel mounted on said gimbal;

a rotational position detecting sensor for
detecting a rotational position of said gimbal;
air ejecting means for generating a moment
about a rotation shaft on said lifting jig for rotat-
ing the later from the rotational position of said
gimbal to an initial position by reaction associ-
ating with air ejection on the basis of the output
of said rotational position detecting sensor; and
braking means for stopping said rotational driv-
ing portion when the rotational position of said
gimbal substantially match with said initial posi-
tion.
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