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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a method for operating a crane for handling cargo containers, a controlling
device for a crane, and a crane provided with the control device.

[0002] Thisapplicationis based onJapanese Patent Application No.2001-352233, the content of which is incorporated
herein by reference.

2. Description of Related Art

[0003] Conventionally, it is necessary to take various steps in order to move a cargo container (hereinafter may be
simply referred to as "cargo") using a crane from an initial position where the cargo is hoisted to a target position where
the cargo is unloaded. This is because the operation of a crane is affected by composite movements thereof, such as
hoisting and turning of a jib (also called a boom), and is restricted to be within the movable range of the crane based on
its mechanical structure.

[0004] A conventional method for operating a crane will be explained with reference to FIGS. 5A and 5B and 6A and 6B.
[0005] FIG. 5Ais a diagram showing tracks.of a jib point (an end portion of the jib) when a cargo is moved in a straight
line at one time or a plurality of times. Also, FIG 5B is a diagram showing a track of a jib point when a cargo is moved
using a tangent of a circle having a minimum turning radius (hereinafter also referred to as a minimum turning circle).
[0006] FIG. 6A is a diagram showing graphs which indicate the relationship between the moving rate of the jib end
portion and time, and between a swinging angle of a hoisted cargo relative to the vertical direction and time. FIG. 6B is
a schematic diagram showing a model of a moving pendulum.

[0007] In FIGS. 5A and 5B, the symbol O indicates the center of turning a crane, i.e., the center of the jib operating
radius in a cargo handling operation using the crane. Also, the symbols A, and A indicate initial positions of a cargo, and
the symbols B, and B1 indicate target positions of a cargo. The circles having a radius ry shown in the figure indicate a
minimum turning circle of a crane, and this means that a handling operation for a cargo cannot be performed within the
circle due to the mechanical restriction of the crane.

[0008] The track 3 of the jib point shown in FIG. 5A is described in Japanese Laid-Open Patent Application No.
2000-38286. According to this document, a crane moves a cargo while making a polygonal linear motion, which means
a combination of linear motions, by means of turning and jib hoisting operations. More specifically, the jib point of a crane
hoists a cargo at the initial position A, and turns to the right hand side direction around the rotation center O in the figure.
The shortest track between the initial position A and the target position B is, of course, a straight line connecting the
position A with the position B. However, since the track of a cargo cannot pass through the minimum turning circle due
to the restriction in the mechanical structure of the crane, the crane moves the cargo so as to avoid the minimum turning
circle while increasing the operation radius in the direction separating away from the rotation center O. In this case, the
transfer track of the jib point is linear, and the cargo is moved by a combination of the jib hoisting and turning operations.
[0009] After the cargo is linearly moved for a certain distance, the moving direction of the jib point is changed so as
to move along the minimum turning circle. In this case, the transfer track of the jib point is also made linear, and the
cargo is moved by a combination of jib bending and turning operations.

[0010] The moving direction of the jib point is further changed half way so that the cargo may be linearly moved towards
the target position B. According to these operations, the track 3 forms a part of a polygonal shape, which is formed by
a combination of a plurality of linear lines, and the cargo is eventually delivered to the target position B.

[0011] On the other hand, there are cases where the transfer track of a cargo is a linear line connecting the initial
position A 1 and the target position B 1. In many of these cases, the initial position A1 and the target position B1 are
located relatively far from the minimum turning circle, or the moving distance of a cargo is relatively short.

[0012] In general, when a cargo is moved from the initial positionAl to the target position B1, as indicated by a dotted
track 1in FIG 5A, the hoisting operation of the jib is not used many times, and the operation of the crane is mainly carried
out by turning operations of the jib. In such a case, since the track of a cargo is shifted in the radius direction as the
cargo approaches to the target position B 1, the jib hoisting operation is performed at the end of the track 1 in order to
correct the shift in the radius direction.

[0013] In this case, it is expected that the cargo will swing in the moving direction as well as in the radius direction.
The reason for this is that inertia due to acceleration and deceleration is applied to the cargo in the moving direction
thereof, and a centrifugal force due to the rotation of the jib is applied to the cargo in the radius direction.

[0014] Accordingly, as shown in a track 2, by connecting the initial position A1 and the target position B 1 with one
straight line, the shortest path for moving the cargo is realized, and the centrifugal force, which would affect the movement
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of the cargo, can be eliminated.

[0015] However, itis also necessary to stop swinging of a cargo for the above-mentioned linear transfer track. Methods
for stopping swinging of a cargo being linearly moved is disclosed in Japanese Laid-Open Patent Application No.
2000-313586 and Japanese Laid-Open Patent Application No. 2000-153989. These documents relate to methods for
controlling the speed of a trolley of a portal crane which hoists a cargo. According to the methods disclosed in the
documents, the length of a rope for hoisting a cargo is measured to obtain a motion pattern of a virtual pendulum, and
the speed of the trolley is controlled so that the swinging period of the cargo matches the motion pattern of the virtual
pendulum.

[0016] Next, a method for stopping swinging of a cargo being linearly moved will be explained with reference to the
attached drawings.

[0017] In the following, a trolley is used to move a cargo in a certain direction, and can be understood by swinging of
a simple pendulum.

[0018] AsshowninFIG. BA, the trolley accelerates during an acceleration time period t1, and then moves at a constant
speed, which is the speed at the end of the acceleration, during a constant speed time period t2. Then, after the end of
the constant speed time period t2, the trolley decelerates during a deceleration time period t3. Finally, the speed of the
trolley reaches zero at the target position B1, and the trolley stops. Note that the area of the trapezoid S in FIG. 6A
indicates a distance between the initial position A 1 and the target position B 1.

[0019] Also, the swinging angle 6 of a cargo will be explained with reference to FIG. 6B. During the acceleration time
period t1, the swinging angle of the cargo reaches a maximum while swinging in the direction opposite the moving
direction, and then the swinging angle gradually decreases. At the same time that the trolley enters the constant speed
time period t2, the swinging angle of the cargo becomes zero. Then, during the deceleration time period t3, the swinging
angle of the cargo reaches a maximum while swinging in the direction same as the moving direction, and then the
swinging angle gradually decreases. At the same time the trolley stops, the swinging angle of the cargo becomes zero.
[0020] That s, in order to stop the swing of a cargo, each of the acceleration time t1 and the deceleration time t2 is
adjusted to be a multiple (an integer) of the period of a virtual pendulum shown in FIG. 6B. In this way, it becomes
possible to stop the swing of a cargo since the swing period of the cargo matches the above-mentioned virtual pendulum.
[0021] Also, it is possible to stop swinging of a cargo by adjusting each of a total time of the acceleration time period
t1 and the constant speed time period t2 and a total time of the constant speed time period t2 and the deceleration time
period t3 so as to match a multiple (an integer) of the period of a virtual pendulum for the cargo. This method is suitable
when a cargo is moved a relatively short distance.

[0022] These methods for stopping the swing of a hoisted cargo mean a patterned swing stop in which the swing of
a cargo is stopped based on the motion of a virtual pendulum, taking into account the actual length of a rope. In the
above documents, it is also possible to improve the accuracy in stopping the swing of a cargo by providing a sensor,
such as an accelerometer, and applying an actual feedback control based on figures obtained from the sensor.

[0023] Next, a track 4 of the jib point will be explained with reference to FIG. 5B.

[0024] The track 4 of the jib point shown in FIG. 5B is disclosed in Japanese Laid-Open Patent Application No.
8-245164. According to this document, the jib point of the crane linearly moves from the initial position A so as to approach
to the minimum turning circle. Then, when the jib point reaches the minimum turning circle, it follows on a part of the
circle. After this, the jib point separates away from the minimum turning circle half way, and linearly moves towards the
target position B.

[0025] Thatis, the track 4 is formed by tangents of the minimum turning circle with respect to the initial position A and
the target position B, and a part of the minimum turning circle. Accordingly, the track 4 is the shortest path connecting
the initial position A and the target position B for the case where the cargo cannot pass through the minimum turning circle.
[0026] However, the above-mentioned conventional operation methods for a crane have the following problems.
[0027] First, stopping of the swing of a hoisted cargo cannot follow the change in the length of a rope. That is, in the
above conventional methods, although a swing stop control is carried out by detecting the length of the rope, the methods
are only applied for the case where the length of the rope is always constant from the initial position of hoisting the cargo.
When a portal crane including a trolley is used, in which the length of a rope is constant, the rope is brought up and
down in a non-swinging state when a cargo has reached a target position. Accordingly, no significant problems tend to
be caused regarding the control for stopping swing of a cargo.

[0028] Forthe case where the trolley moves at the same time the rope is brought up and down, it is necessary to take
into account the change in the length of the rope. However, in arithmetic expressions for acceleration of a trolley which
are disclosed in Japanese Laid-Open Patent Application No. 2000-313586 or Japanese Laid-Open Patent Application
No. 2000-153989, acceleration at an actual rope length is not take into consideration, and hence, the swing pattern of
a hoisted cargo and that of a virtual pendulum are shifted if there is a change in the actual length of the rope.

[0029] However, in a jib crane provided with a rotatable jib, such as a mobile harbor crane, a crawler crane, a wheel
crane, and a tower crane, the length of a rope varies in accordance with the degree of jib hoisting. In such jib cranes, it
is possible to estimate the length of a rope based on the jib hoisting operation. However, in an actual cargo handling
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operation using a crane, it is necessary to avoid obstacles while moving a cargo, or to carry out a subtle positioning
operation, and it is rare that the actual rope length, which is controlled by the operator of a crane, matches the estimated
rope length.

[0030] Accordingly, the rope length, which is computed for stopping the swing of a cargo, changes from time to time,
and the period of the hoisted cargo computed based on the virtual pendulum shifts from the period of the already
computed virtual pendulum. Accordingly, it is often difficult to stop the swing of the hoisted cargo.

[0031] Also, as a second point of the problems, for the case where a straight line connecting an initial position and a
target position crosses over the minimum turning circle, a large centrifugal force is often applied to a cargo in the above-
mentioned track 3 using a polygonal linear motion, and to the track 4 using tangents of the minimum turning circle.
[0032] The reason for this is because the moving direction of a hoisted cargo is rapidly changed in the track 3 using
the polygonal linear motion shown in FIG. 5A at the bending portions thereof, and inertia is generated due to the motion
of the hoisted cargo. Also, as for the case of the track 4 using the tangents of the minimum turning circle shown in FIG.
5B, the radius of the path of the hoisted cargo decreases when it passes along the part of the minimum turning circle,
and hence, a large centrifugal force is applied to the cargo.

[0033] Moreover, since both the tracks 3 and 4 shown in FIGS. 5A and 5B, respectively, are discontinuous moving
paths, swing of a cargo may be generated in the direction different from the moving direction, or the cargo may be
temporarily stopped when the direction of the cargo is changed in the middle of the track.

[0034] Due to this second problem, it is necessary to slow the moving rate of the hoisted cargo using a crane, and
this problem should be solved in order to improve working efficiency of operations using a crane.

[0035] Also, in the first problem described above in which the cargo is linearly moved, if the swing of the cargo is not
stopped, time for stopping the cargo must be included in the operation time. Accordingly, the working efficiency of the
crane is reduced.

SUMMARY OF THE INVENTION

[0036] The present invention takes into consideration the above-mentioned circumstances, and has as an object to
provide a method for operating a crane, a controlling device for a crane, and a crane provided with the control device,
by which the degree of swinging of a cargo in a handling operation using the crane is suppressed to a minimum level,
and the working efficiency of the crane can be improved.

[0037] In order to achieve the above object, the first aspect of the present invention provides a method for operating
a crane provided with a jib having a jib point from which a cargo is hung via a rope member, the cargo being moved
from an initial position to a target position to carry out a cargo handling operation, including: a hypothetical rope length
setting step in which a hypothetical length of the rope member is set; a hypothetical acceleration pattern operation step
in which a hypothetical acceleration pattern for swing angle of the rope member is operated for a case where the cargo
is to be stopped at the target position provided that the hypothetical length of the rope member does not change and
that the cargo is linearly moved from the initial position to the target position; a rope length change obtaining step in
which a change in an actual length of the rope member is obtained; a jib point acceleration pattern operation step in
which an acceleration pattern for the jib point is operated taking into account the change in the actual length of the rope
member obtained in the rope length change obtaining step so that an acceleration pattern for swing angle of the rope
member matches the hypothetical acceleration pattern obtained in the hypothetical acceleration pattern operation step;
and a jib moving step in which the jib point is linearly moved based on results obtained in the jib point acceleration pattern
operation step.

[0038] According to the above method for operating a crane, a hypothetical acceleration pattern is obtained from the
hypothetical acceleration pattern operation step so that the cargo is transferred from the initial position to the target
position during a period in which a hypothetical pendulum having a hypothetical rope length returns to a zero point from
the zero point. Then, the jib point acceleration pattern for the jib point is operated so that an acceleration pattern for a
swing angle at the actual rope length obtained in the rope length change obtaining step matches the above-mentioned
hypothetical acceleration pattern.

[0039] In this manner, the jib point acceleration pattern by which the swing of the cargo is stopped at the target position
is always operated, and a command value to the jib moving step is output based on the result of the operation so as to
stop the actual swing of the cargo due to the operation of the jib and crane.

[0040] Note that this method is particularly useful when it is possible to linearly move the jib point.

[0041] Also, according to the above method, the swing of the cargo in the moving direction when the cargo is linearly
transferred is stopped regardless of the change in the length of the rope member. Accordingly, an operator of the crane
can perform manual operation, and hence the degree of flexibility in the operation is increased. Also, according to the
above method, it becomes possible to transfer the cargo to the target position accurately and safely. Moreover, since
the swing of the cargo is stopped, it becomes unnecessary for an operator to carry out a swing stop operation, and
hence, labor for the operator is reduced. Furthermore, the efficiency in a cargo handling process may be improved since
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the cycle time required for repeatedly moving a cargo is shortened.

[0042] In accordance with the second aspect of the present invention, the hypothetical rope length is set based on a
maximum acceleration for linearly moving the jib point, the maximum acceleration being determined based on perform-
ance of the crane.

[0043] The hypothetical rope length is a value that is operated in the hypothetical acceleration pattern operation step.
The value can be arbitrary set, and determines the hypothetical acceleration pattern. Accordingly, a hypothetical accel-
eration in the hypothetical acceleration pattern is also obtained based on the hypothetical rope length, and can be
arbitrary set.

[0044] Itis preferable that the hypothetical acceleration pattern be obtained so as to have as large an acceleration as
possible in order to improve the workability of the crane.

[0045] When the jib is actually moved, however, there is a limitation in the acceleration. That is, the limitation due to
the mechanical structure of the crane.

[0046] Accordingly, a most effective hypothetical acceleration pattern can be obtained by determining the hypothetical
rope length based on the maximum acceleration of the jib movement, and in practice, the jib point is moved in the vicinity
of the maximum acceleration for the crane.

[0047] Also, since the hypothetical rope length is set based on the maximum acceleration for linearly moving the jib,
which is determined based on the performance of the crane, it becomes possible to rapidly transfer a cargo using a
maximum performance of the crane while avoiding a high load operation exceeding the performance of the crane.
Accordingly, the efficiency in the cargo handling operation can be improved.

[0048] Inaccordance with the third aspect of the presentinvention, a jib point acceleration a, in the jib point acceleration
pattern operation step is expressed by the following formula:

ak=% ot (1—%]g+l{ 6+2vaw (1)

where X is the hypothetical rope length, A is the length of the rope member, v is a velocity of the rope member, k is an
acceleration of the rope member, a,, is a jib point hypothetical acceleration in the hypothetical acceleration pattern
operation step, 6 is a swing angle of the cargo, w is a swing angular velocity of the cargo, and g is gravitational acceleration.
[0049] In this aspect, the jib point acceleration a is obtained using the above formula (1). By using the formula (1), it
becomes possible to correspond to the change in the rope length which may vary at every moment. That is, the jib point
acceleration a is changed at every moment so as to correspond to the change in the actual rope length while recognizing
the swing angle 6 of the cargo. In this manner, the period of the cargo is matched a swing-stop period obtained using
the hypothetical acceleration pattern.

[0050] Here, an operation process for obtaining the above formula (1) will be explained.

[0051] An equation of the motion for a simple pendulum may be expressed as the following formula (2):

a’zz 2 _
?-‘-(z)l:ak ...(2)

where a, is an acceleration of the pendulum, y is a swing amount of the pendulum, 2, is the rope length, and g is the
gravitational acceleration.

[0052] Note that since each symbol contained in the above equation (for instance, the acceleration of the pendulum,
a,, the rope length, A, and the swing angle of the pendulum, 6) is obtained in the same state as the symbols explained
above (for instance, the jib point acceleration, a, the length of the rope member for carrying the cargo, A, and the swing
angle of the hoisted cargo, 6), they are indicated using the same symbols.

[0053] In the above formula (2), when the swing angle of the pendulum 6 is small, %, which is a parallel swing amount,
may be expressed using the following formula (3):

x =29 .03)
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[0054] By differentiating the formula (3) once and twice, it may be expressed as the following formulas (4) and (5):

.dl:d_(%_@z_die_{_ég

A -(4)
a .dt dt  dt

dz;(_dz(/lﬁ)_dlee il de d%0

+ _—._—_+— ..5
dr? . dr? dr? dr dt dr? (%)

[0055] If the obtained formula (5) is substituted with the formula (2), then a swing angle acceleration which is a twice-
differentiation of the swing angle is obtained as the following formula (6):

d’0 di do | = 42
g -2 40_

—_—= . +— 18
ER T R (6)

[0056] Then, in the equation (6), the rope length A is substituted with a hypothetical rope length having a constant
length, and the acceleration of the pendulum a, is substituted with a constant acceleration a,,, and a case is considered
where the acceleration time is equal to a period of the hypothetical rope length.

[0057] In the above case, since the hypothetical rope length A is constant, values obtained by differentiating the
hypothetical rope length A, once and twice become zero for the two cases, and the formula (6) may be expressed as
the following formula (7):

d?e _ay, _gp

dt2 ZO (7)

[0058] Here, in order to obtain an acceleration a, of the pendulum at which the swing angular acceleration of the
pendulum becomes equal, it is assumed that the right hand section of the formula (6) is equal to that of the formula (7).
Then, the following formula (8) may be obtained by the substitution:

d?2
akziako.f. ]_i g+—— g+2_d_é£ --+(8)
. A Ay ). dr? dr dt

[0059] Therefore, the formula (1) in this aspect of the present invention can be obtained by assuming that the velocity
of the rope having the length A is v, the acceleration of the rope having the length A is k, and the swing angular velocity
is 0. Note that since the constant acceleration a,, can be arbitrary set, it is preferable to use a large constant acceleration
ay,, taking into account, for instance, the limit in the power performance of the crane.

[0060] According to this aspect of the present invention, since the jib point acceleration a in the jib point acceleration
pattern operation step is expressed as an equation, it becomes possible to accurately obtain the jib point acceleration
a, from each value obtained. Accordingly, it becomes possible to securely stop the swing of the cargo by linearly moving
the jib point based on the results obtained.

[0061] The fourth aspect of the present invention also provides a method for operating a crane in which a cargo is
connected to a rope member hung from a jib point of a jib provided with the crane, the cargo being moved from an initial
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position to a target position to carry out a cargo handling operation, comprising the step of: transferring the cargo along
an arc-shaped curve connecting the initial position and the target position, the arc-shaped curve not passing through a
minimum turning circle which defines a range that a handling operation for the cargo is not possible due to a mechanical
restriction of the crane.

[0062] According to the above method for operating a crane, the jib point follows a track which is a part of an arc
passing through the initial position and the target position, and hence the cargo is transferred along the arc. The jib point
is moved along the arc by carrying out at least a hoisting operation of the jib and a revolution operation of the crane
independently from each other at the same time. Also, it is preferable that the arc be obtained so as to have as large a
curvature radius as possible in order to reduce centrifugal force acting on the hoisted cargo.

[0063] Since the hoisted cargo is moved along the arc connecting the initial position to the target position, it becomes
possible to avoid the minimum turning circle and move the cargo from the initial position to the target position. Accordingly,
the centrifugal force acting on the cargo is reduced, and hence, the cargo can be moved relatively quickly. Also, the
degree of swing of the cargo can be decreased due to the reduced centrifugal force, and hence the time required to
stop the swinging of the cargo can be shortened. Also, since there is no discontinuous point on the transfer track, the
cargo can be stably moved without causing rapid and complicated swing thereof.

[0064] The fifth aspect of the present invention provides the method for operating a crane according to the fourth
aspect, wherein the arc-shaped curve contacts the minimum turning circle at one point.

[0065] According to the above method for operating a crane, the jib points follows the arc track which passes both the
initial position and the target position, and contacts the minimum turning circle at one point. Thus, the hoisted cargo
moves along the arc track.

[0066] The above-mentioned arc has the largest curvature radius among arcs connecting the initial position to the
target position within the operation range of the crane. When the hoisted cargo moves along the arc, only a minimum
centrifugal force according to the moving speed thereof acts.

[0067] Also, since the arc contacts the minimum turning circle of the crane at one point, it becomes possible to obtain
an arc track having the largest radius. Accordingly, the centrifugal force acting on the cargo can be minimized and the
transfer distance can be shortened. Therefore, for the case where the minimum turning circle interferes with the transfer
track, it becomes possible to realize a crane loading operation of high efficiency.

[0068] The sixth aspect of the presentinvention provides the method for operating a crane according to the fifth aspect,
wherein a transfer track of the cargo is projected onto an X-Y plane, and assuming that a coordinate of a revolution
center of the crane is O (0, 0), a coordinate of the initial position A is (xa, y) a coordinate of the target position B is (xg,
yg), a coordinate of a middle point C between the point A and the point B is (x; y¢), a distance between the point A and
the point C is L, an angle between a perpendicular with respect to a straight line connecting the point A and the point
B, which passes through the point C, and an x axis is ¢ , a radius of the minimum turning circle of the crane is ry, a
coordinate of a point D which is the center of the arc-shaped curve is D (xp, Yp), and the distance between the point C
and the point D is L, then, a, B, v, 8, and € are defined based on the following formulas:

2(xC CoSP+ ¥ sin¢)=a

12,2 2 2

4 T —xcT =y =p
4r02—a2=}/

-2aff=06
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4Ll - p2=¢

and, the distance L is expressed by the following formula:

L—_5+\/52—_4y;_

= 5

to obtain the coordinate D (xp, yp) of the point D using the following equation:

(XD, yD) = (Xc — Leos ¢ s XC Lsin¢ )

[0069] According to the above method for operating a crane, the central coordinate of the point D is obtained using
known coordinates or the position, i.e., the initial position A, the target position B, the middle point C between the point
A and the point B, the distance L, between the point A and the point C, the angle @ between the perpendicular with
respect to the straight line connecting the point A and the point B passing through the point C, and the x axis, and the
radius ry of the minimum turning circle of the crane.

[0070] In this manner, the central coordinate D of the arc for transferring the cargo is determined, and also the radius
of the arc is readily obtained. These values are obtained with respect to the revolution center O as a reference.

[0071] In this manner, the jib point passes through the initial position A and the target position B, and follows the arc
track which contact the minimum turning circle of the crane at one point. Accordingly the cargo is moved along the arc.
[0072] A process for obtaining the central coordinate D of the arc will be explained with reference to FIG. 3. In FIG.
3, an arc indicating a track of the jib point is shown which connects the initial position A and the target position B, and
contacts the minimum turning circle of the crane.

[0073] A caseis considered using an arbitrary point P (x, y) on the unknown arc, and a distance Lp between the point
P and the point O.

[0074] Assumingthatthe radiusofthe arctobe obtainedis R, the following formula (9) is obtained from the triangle ADC:

REZ=12+1, . .. (9)
[0075] Also, the following formula (10) is obtained based on the equation of an arc:

R? = (x - xp)* + (y - yp)* ... (10)

[0076] Moreover, Lp can be expressed as the following formula (11) from FIG. 3:

L,=x>+y° .. (1D

[0077] Here, as shown in FIG. 3, the position of the point P at which Lp becomes minimum is a point a which the
straight line connecting the point D and O meets the arc. Accordingly, assuming that the minimum value of Lp is Lp ;. then,

Lpmin = R - V(xp’ + yp?) .. (12)
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[0078] Since Ly, must be equal to ry to contact the minimum turning circle when the straight line connecting the

points D and O meets the arc, L, can be expressed as the following formula (13):

LPmin = \/L2 + L,42 ‘\ﬂxc "LCOS¢)2 + (yC —Lsin¢)2 =1

~++(13)

[0079] By arranging the formula (13), and taking a square and rearranging the result obtained, the following formula
(14) is obtained:

2roV(L? - La%) =al + B | .. (14)

where oo and 3 express the same formula as the above mentioned o and 3, and can be obtained as a numerical value
by a substitution with a known value.

[0080] Then, squaring the right hand side item and the left side item and rearranging the equation (13), the following
equation (15) can be obtained.

yL2+8L+¢e=0 ... (15)

where v, 3, and € express the same formula as the above-mentioned v, 3, and €, and can be obtained as a numerical
value by a substitution with a known value.

[0081] Accordingly, the distance L between the point OD can be derived as a solution for a secondary equation. Thus,
L can be expressed as the following formula (16) taking into account the fact that L is a positive value:

-6+, [6%-4y¢
L= -++(16)

= %

[0082] Using the distance L between the points O and D obtained by the above formula (16), the coordinate of the
point D is determined. Since the coordinate of the point D is as the following formula (17) from FIG. 3:

(XDayD)=(XC_LCOS¢: Xc - Lsin®) .. (17

the coordinate of the point D, which is the central coordinate of the arc can be obtained by substituting L with the formula
17).

[0083] As explained above, each of the formula explained above is obtained by determining the point C, which is a
midpoint between the initial position A and the target position B, and the presence of the point D, which is the center of
the arc to be obtained, on a perpendicular with respect to the straight line connecting A and B passing through the point C.
[0084] According to the above method, since it become possible to readily obtain the coordinate of the pint D and the
radius R of the arc, etc., by determining the distance between the midpoint C with respect to the initial position A and
the target position B, and the point D which is the center of the arc. Accordingly, it becomes possible to clearly define
the arc-shaped track, and to move the jib point along the track.

[0085] The seventh aspect of the present invention also provides a method for operating a crane provided with a jib
having a jib point from which a cargo is hung via a rope member, the cargo being moved from an initial position to a
target position to carry out a cargo handling operation, comprising the steps of: operating a linear track connecting the
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initial position and the target position for the cargo, and carrying out a method for operating a crane according to one of
the above-mentioned first to third aspects of the invention if it is determined that the operated linear track does not
interfere with the minimum turning circle.

[0086] According to the above method for operating a crane, a linear track connecting the initial position and the target
position is computed by the operation. Then, it is determined whether the linear track obtained by the operation interferes
with the minimum turning circle.

[0087] If it is determined that the linear track does not interfere with the minimum turning circle, i.e., the linear track
does not pass through the minimum turning circle, the linear track is recognized as a suitable track for transferring the
cargo, and the jib point is moved along the linear track so that the hoisted cargo is transferred from the initial position
to the target position.

[0088] Also, when the jib point is moved along the linear track, the crane is operated under the swing stop control for
the hoisted cargo in order to eliminate the swing of the cargo in the moving direction while obtaining the actual change
in the length of the rope member.

[0089] Since the linear track connecting the initial position and the target position for the cargo is operated, and a
method for operating a crane according to one of the above-mentioned first to third aspects of the invention is carried
out if it is determined that the operated linear track does not interfere with the minimum turning circle, an operation of
the crane is selected which is the shortest among the various transfer tracks and from which the swing in the moving
direction is removed. Accordingly, it becomes possible to quickly move the hoisted cargo, and the efficiency in the cargo
handling operation is improved.

[0090] The eighth aspect of the present invention also provides a method for operating a crane provided with a jib
having a jib point from which a cargo is hung via a rope member, the cargo being moved from an initial position to a
target position to carry out a cargo handling operation, comprising the steps of: operating a linear track connecting the
initial position and the target position for the cargo, and carrying out a method for operating a crane according to one of
the fourth to sixth aspects of the invention if it is determined that the operated linear track interferes with the minimum
turning circle.

[0091] According to the above method for operating a crane, a linear track connecting the initial position and the target
position is computed by the operation. Then, itis determined whether the linear track obtained by the operation interferes
with the minimum turning circle.

[0092] If it is determined that the linear track interferes with the minimum turning circle, i.e., the linear track passes
through the minimum turning circle, the linear track is moved along the arc-shaped track explained in the above fourth
to sixth aspects of the invention. Accordingly, the hoisted cargo is moved from the initial position to the target position
along the arc-shaped track while being affected by a minimum centrifugal force.

[0093] Since the linear track connecting the initial position and the target position for the cargo is operated, and a
method for operating a crane according to one of the above-mentioned fourth to sixth aspects of the invention is carried
out if it is determined that the operated linear track interferes with the minimum turning circle, it becomes possible to
move the hoisted cargo along the continuous arc-shaped track with a minimum centrifugal force applied to the cargo
while clearing the restriction on the mechanical structure.

[0094] The ninth aspect of the present invention also provides a method for operating a crane provided with a jib
having a jib point from which a cargo is hung via a rope member, the cargo being moved from an initial position to a
target position to carry out a cargo handling operation, comprising the steps of: operating a linear track connecting the
initial position and the target position for the cargo, carrying out a method for operating a crane according to one of the
first to third aspects of the invention if it is determined that the operated linear track does not interfere with the minimum
turning circle, and carrying out a method for operating a crane according to one of the fourth to sixth aspects of the
invention if it is determined that the operated linear track interferes with the minimum turning circle.

[0095] According to the above method for operating a crane, a linear track connecting the initial position and the target
position is computed by the operation. Then, it is determined whether the linear track obtained by the operation interferes
with the minimum turning circle.

[0096] If it is determined that the linear track does not interfere with the minimum turning circle, i.e., the linear track
does not pass through the minimum turning circle, the linear track is recognized as a suitable track for transferring the
cargo, and the jib point is moved along the linear track so that the hoisted cargo is transferred from the initial position
to the target position.

[0097] Also, when the jib point is moved along the linear track, the crane is operated under the swing stop control for
the hoisted cargo in order to eliminate the swing of the cargo in the moving direction while obtaining the actual change
in the length of the rope member.

[0098] On the other hand, if it is determined that the linear track interferes with the minimum turning circle, i.e., the
linear track passes through the minimum turning circle, the linear track is moved along the arc-shaped track explained
in the above fourth to sixth aspects of the invention. Accordingly, the hoisted cargo is moved from the initial position to
the target position along the arc-shaped track.
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[0099] Since the linear track connecting the initial position and the target position for the cargo is operated, and a
method for operating a crane according to one of the above-mentioned first to third aspects of the invention is carried
out if it is determined that the operated linear track does not interfere with the minimum turning circle, and a method for
operating a crane according to one the above-mentioned fourth to sixth aspects of the invention is carried out if it is
determined that the operated linear track interferes with the minimum turning circle, it becomes possible to transfer the
hoisted cargo using a most suitable transfer track under the situation. When the hoisted cargo is linearly moved, the
swing of the hoisted cargo is eliminated, and when the cargo is moved along the arc track, the centrifugal force applied
to the cargo is prevented so that the moving rate of the jib point is increased to realize a high workability for the loading
operation of the cargo.

[0100] Thetenth aspectof presentinvention provides a control device for a crane which carries out a handling operation
for a cargo connected to a rope member hung from a jib point of a jib provided with the crane, the cargo being moved
from an initial position to a target position, the control device comprising: a rope length change obtaining unit which
obtains a change in an actual length of the rope member; a jib point acceleration pattern operation unit which sets a
hypothetical length of the rope member, operates a hypothetical acceleration pattern for swing angle of the rope member
for a case where the cargo is to be stopped at the target position provided that the hypothetical length of the rope member
does not change and that the cargo is linearly moved from the initial position to the target position, and operates an
acceleration pattern for the jib point taking into account the change in the actual length of the rope member obtained by
the rope length change obtaining unit so that an acceleration pattern for swing angle of the rope member matches the
operated hypothetical acceleration pattern; and a linear operation command unit which linearly moves the jib point based
on the jib point acceleration pattern operation unit.

[0101] According to the above control device for a crane which is provided with each of the above units, the hypothetical
acceleration pattern is derived by the jib point acceleration pattern operation unit so that the cargo reaches from the
initial position to the target position while a hypothetical pendulum having a hypothetical rope length returns to a lowest
point from the lowest point. Then, the jib point acceleration pattern is operated so that the acceleration pattern of a swing
angle of the rope member having an actual length obtained by the rope length change obtaining unit matches the above-
mentioned hypothetical acceleration pattern.

[0102] In this manner, the jib point acceleration pattern by which the swing of the cargo is stopped at the target position
is operated, and a command value for the linear operation command unit is output based on the operation result so that
the actual movement of the jib point is controlled to stop the swing of the hoisted cargo.

[0103] Note that this is particularly useful when the jib point is linearly moved, and the swing of the hoisted cargo in
the moving direction can be securely stopped.

[0104] According to the above control device, it becomes possible to eliminate the swing in the moving direction, which
may be caused when the cargo is linearly transferred, regardless of the change in the length of the rope member.
Therefore, it becomes possible for an operator to manually operated the crane, and the flexibility in the operation of the
crane is increased. Also, in this way it becomes possible to transfer the cargo to the target position reliably and safely.
Moreover, since the crane is controlled to stop the swing of the cargo, the labor for the operator is reduced. Furthermore,
the efficiency in a cargo handling process may be improved since the cycle time required for repeatedly moving a cargo
is shortened.

[0105] The eleventh aspect of the present invention also provides a control device for a crane which carries out a
handling operation for a cargo connected to a rope member hung from a jib point of a jib provided with the crane, the
cargo being moved from an initial position to a target position, the control device comprising: an arc operation command
unit which controls a revolution operation of the crane and a hoisting operation of the jib along an arc shaped curve
connecting the initial position and the target position.

[0106] According to the above control device for a crane, the jib point follows the arc-shaped track from the initial
position to the target position by the arc operation command unit, and the hoisted cargo is transferred along the arc-
shaped track. In order to move the jib point along the arc, it is necessary that at least a hoisting operation of the jib and
a revolution operation of the crane be performed independently from each other at the same time, and the arc operation
command unit orders these operations.

[0107] Note that it is preferable that the arc-shaped track ordered by the arc operation command unit to the crane
have a large radius of curvature.

[0108] Since the control device for a crane includes the arc operation command unit which controls a revolution
operation of the crane and a hoisting operation of the jib along an arc shaped curve connecting the initial position and
the target position, it becomes possible to move the hoisted cargo from the initial position to the target position along a
large arc avoiding the minimum turning circle. In this manner, the centrifugal force acting on the hoisted cargo is reduced,
and the cargo can be quickly transferred to the target position. Also, since the centrifugal force is reduced, it becomes
possible to decrease the swing of the hoisted cargo, and hence to reduce the labor of the operator. Moreover, since
there is no discontinuous points on the transfer track, complicated control is not necessary to stop the swing of the cargo,
and hence, the swing stop control can be simplified.
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[0109] The twelfth present invention also provides a control device for a crane which carries out a handling operation
for a cargo connected to a rope member hung from a jib point of a jib provided with the crane, the cargo being moved
from an initial position to a target position, the control device comprising: a track determination unit which operates a
linear line connecting the initial position and the target position, and outputs a positional relationship with respect to a
minimum turning circle of the crane, a rope length change obtaining unit which obtains a change in an actual length of
the rope member; a jib point acceleration pattern operation unit which sets a hypothetical length of the rope member,
operates a hypothetical acceleration pattern for swing angle of the rope member for a case where the cargo is to be
stopped at the target position provided that the hypothetical length of the rope member does not change and that the
cargo is linearly moved from the initial position to the target position, and operates an acceleration pattern for the jib
point taking into account the change in the actual length of the rope member obtained by the rope length change obtaining
unit so that an acceleration pattern for swing angle of the rope member matches the operated hypothetical acceleration
pattern; a linear operation command unit which linearly moves the jib point based on the jib point acceleration pattern
operation unit; and an arc operation command unit which controls a revolution operation of the crane and a hoisting
operation of the jib along an arc shaped curve connecting the initial position and the target position, wherein the track
determination unit selects one of the linear operation command unit and the arc operation command unit for an operation
of the crane.

[0110] According to the above control device for a crane, the track determination unit determines the track for trans-
ferring the cargo from the initial position to the target position, and if it is determined that a linear movement is possible,
it selects the linear operation command unit to linearly move the jib point.

[0111] On the other hand, if the track determination unit determines that it is not possible to linearly move the cargo
from the initial position to the target position, i.e., if it is determined that the linear track connecting the initial position to
the target position passes through the minimum turning circle, the track determination unit selects the arc operation
command unit for the operation of the crane. Then, the arc operation command unit moves the jib point along an arc-
shaped track which avoids the minimum turning circle.

[0112] According to the above control device for a crane, a transfer track which is most suitable for moving the jib
point from the initial position to the target position is selected. When the linear movement is selected, the swing of the
hoisted cargo is eliminated, and when the arc-shaped track is selected, the centrifugal force applied to the cargo is
reduced. In both cases, the moving range of the jib point is increased to realize high efficiency in the cargo handling
operation.

[0113] The thirteenth aspect of the present invention provides a crane which carries out a handling operation for a
cargo connected to a rope member hung from a jib point of a jib provided with the crane, the cargo being moved from
an initial position to a target position, the crane comprising: a control device for a crane as set forth in one of the above-
mentioned tenth to twelfth aspects of the present invention.

[0114] According to the above crane, a track for a cargo by which the swing of the cargo is eliminated or the centrifugal
force applied to the cargo is minimized, is selected among various tracks for transferring the cargo from the initial position
to the target position, and a cargo handling operation is carried out. Also, according to the above crane, the moving
range of the jib point can be increased by stopping the swing of the cargo, and it becomes possible to provide a crane
which is capable of contributing the improvement in workability as well as the reduction in the labor of the operator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0115] Some of the features and advantages of the invention having been described, others will become apparent
from the detailed description which follows, and from the accompanying drawings, in which:

FIG. 1 is a schematic diagram showing a mobile harbor crane according to an embodiment of the present invention;
FIG. 2A is a diagram showing a linear track of a jib point of the mobile harbor crane according to the embodiment
of the present invention in relation to a minimum turning circle of the crane;

FIG. 2B is a graph showing the relationship between the moving rate of the jib point during the linear movement
thereof in relation to time;

FIG. 3 is a diagram for explaining an arc-shaped track and a method for obtaining the track of the jib point of the
mobile harbor crane according to the embodiment of the present invention;

FIG. 4 is a flowchart showing the flow of command signals in a control unit of the mobile harbor crane according to
the embodiment of the present invention;

FIG. 5A is a diagram showing a conventional polygonal movement or linear movement of a jib point of a crane;
FIG 5B is a diagram showing a track of a jib point using a tangent of a minimum turning circle;

FIG. 6A is a graph showing a relationship between the moving rate of a jib point and time, and between a swing
angle of a hoisted cargo with respect to a vertical direction and time for explaining a swing stop pattern of a hoisted
cargo in a conventional crane; and
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FIG. 6B is a schematic diagram showing a model of a swinging pendulum for explaining a swing stop pattern of a
hoisted cargo in a conventional crane.

DETAILED DESCRIPTION OF THE INVENTION

[0116] The invention summarized above and defined by the enumerated claims may be better understood by referring
to the following detailed description, which should be read with reference to the accompanying diagrams. This detailed
description of particular preferred embodiments, set out below to enable one to build and use one particular implemen-
tation of the invention, is not intended to limit the enumerated claims, but to serve as specific examples thereof.
[0117] FIG. 1 is a diagram showing a schematic structure of a mobile harbor crane 1 according to an embodiment of
the present invention.

[0118] Also, FIGS. 2A and 2B and FIG. 3 are diagrams showing tracks of a jib point H of the mobile crane. FIG. 2A
is a plan view indicating a linear movement of the jib point H. FIG. 2B is a pattern diagram showing the speed of the
crane during operation thereof. FIG. 3 is a plan view showing an arc track of the jib point H and a manner of obtaining
the track. Also, FIG. 4 is a flowchart showing the flow of command signals from a control unit 10 when swing of a cargo
is stopped.

[0119] The numeral 1 shown in FIG. 1 indicates a mobile harbor crane (hereinafter also simply referred to as a "body")
which may be suitably used in a harbor facility as harbor equipment. The body 1 of the mobile harbor crane mainly
includes a carrier frame 11 provided with a plurality of outriggers 12, a revolving frame 13 and a main frame 14, each
of which is mounted on the carrier frame 11, and a jib 2 attached to the main frame 14.

[0120] The carrier frame 11 secures the stability of the body 1 by means of the plurality of the outriggers 12, each of
which protrude from both side of the carrier frame 11 in a vertical direction with respect to the longitudinal direction thereof.
[0121] When the outriggers 12 are accommodated in the carrier frame 11, the crane can move around the yard of the
harbor by means of wheels (not shown in the figure).

[0122] Swing bearings of circular shape (not shown in the figure) are.provided at substantially the center portion of
the carrier frame 11, and the revolving frame 13 is mounted on the carrier frame 11 via the swing bearings. Gear racks
are formed around the swing bearings and pinions (not shown in the figures), which are attached to a revolving driving
unit (not shown in the figures), are engaged with the pinions. The revolving driving unit is attached to the revolving frame
13 side.

[0123] Accordingly, the revolving frame 13 is rotatable 360° around the center of the swinging bearings due to the
rotation of the pinions. Note that the center of the swinging bearings means the rotation center O, and indicates the
center of the operating radius of the crane carrying out the handling operation of a cargo.

[0124] Also, a revolution angle detection device 5a, which detects the revolution direction of the revolving frame 13
with respect to the carrier frame 11 is disposed in the vicinity of the revolving center O of the revolving frame 13. The
revolution angle detection device 5a is connected to the control unit 10, which will be described later, by a cable indicated
by dotted lines.

[0125] On the revolving frame 13, the main frame 14, a winch 4, a cylinder 6, and an operation room (not shown in
the figure) are mainly provided. The main frame 14 rotatably supports a base end portion of the jib 2. The winch 4 winds
up a rope 3 (also referred to as a "wire") connected to a hoisted cargo G. The cylinder 6 hoists the jib 2, and an operator
occupies the operation room to perform crane operations.

[0126] The winch 4 is provided with an encoder 4a (means for obtaining a change in rope length) which detects a
state of the length of the rope 3. The encoder 4a is connected to the control unit 10, which will be described later, by a
cable indicated by the dotted lines.

[0127] The main frame 14 has a truss structure in which a plurality of rod type members are combined. The base end
portion of the jib 2 (the left hand side in the figure) is attached to substantially the middle position of the main frame 14
via jib foot pins (not shown in the figures). A hoisting angle detection device 2a, which detects the hoisting angle of the
jib 2, is disposed at a side of the jib foot pin or of the jib 2. The hoisting angle detection device 2a is connected to the
control unit 10, which will be described later, by the cable indicated by the dotted lines.

[0128] The jib 2 has a long shape with a truss structure, and the base end portion of the jib 2 is rotatably supported
by the main frame 14 as explained above. Also, an end portion of the cylinder 6 at the rod side is rotatably attached to
an underside position of the base end portion of the jib 2 slightly shifted towards the jib point side via pins (not shown
in the figure). In this manner, the jib 2 is supported. Another end portion of the cylinder 6 at the bottom side is rotatably
attached to a front portion of the revolving frame 13 via pins (not shown in the figures).

[0129] The jib 2 is hoisted with respect to the jib foot pin, which functions as the center, by extension and retraction
operations of the cylinder 6, and the jib operating radius based on the jib point H is determined.

[0130] An end of the rope 3 is connected to a hook (not shown in the figures) for hoisting a cargo G, and the rope is
hung from the jib point H towards the cargo G. Also, the other end of the rope 3 is wound up by the winch 4 provided
on the revolving frame 13. The cargo G may be moved up by the winding operation of the rope 3 utilizing a rotary
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operation of the winch 4. Also, the hoisted cargo G may be moved downwardly by rotating the winch 4 in the reverse
direction.

[0131] Also, a control device for controlling the operation of the body 1 includes, in addition to the control unit 10, at
least the above-mentioned revolution angle detection device 5a, the hoisting angle detection device 2a, and the encoder
4a.

[0132] Next, loading and unloading operations for the cargo G will be explained using FIG. 2 and 3 with reference to
FIG. 1.

[0133] The operator for operating the crane inputs positional information of the initial position A at which the cargo G
is placed, and the target position B to which the cargo G is moved prior to starting to operate the crane. The operation
for inputting each position may be carried out using an X-Y plane including the revolving center O of the body 1 as a
reference point, and the operator inputs each position using an operation panel which is equivalent to the X-Y plane. In
this operation, the positional information of the initial position A and the target position B is output to the control unit 10
of the crane.

[0134] When the initial position A and the target position B are input, each coordinate data is output to the control unit
10 to obtain a linear line connecting the positions A and B.

[0135] Then, it is determined whether the linear line passes over the minimum turning circle based on the arithmetic
expressions. In order to determine whether the linear line passes over the minimum turning circle, for instance, a
perpendicular is drawn from the revolving center O with respect to the straight line connecting the initial position A and
the target position B, and it is determined that the distance between the intersection of the linear line and the straight
line and the revolving center O is longer than the radius ry of the minimum turning circle. Note that this determination is
carried out by a coordinate transformation unit 50 (track determination means) provided in the control unit 10 shown in
FIG. 4, which will be described later.

[0136] Also, the minimum turning circle means a circle having a radius ry which indicates that the handling operation
of a cargo is not possible within the circle due to the mechanical restriction of the crane, and which also indicates a
movable range of the jib point H when the jib 2 is hoisted to the maximum degree.

[0137] Then, when it is determined that the linear line connecting the initial position A and the target position B does
not pass through the minimum turning circle, the jib point H is linearly moved in order to transfer the cargo G along the
linear line obtained as mentioned above and as shown in FIG. 2A.

[0138] Also, if it is determined that the linear line connecting the initial position A and the target position B passes
through the minimum turning circle, an arc shaped transfer track as shown in FIG. 3 is selected as a track for the jib
point H. This operation method will be described later in detail.

[0139] The linear movement of the jib point H may be carried out by coupling the hoisting motion of the jib 2 with the
rotation of the revolving frame 13. In such a case, since the operator does not want an extreme change in the height of
the cargo G by the hoisting operation of the jib 2, the operator also operates the winch 4 so as to maintain a constant
height of the cargo G.

[0140] Moreover, the operator may additionally carry out a raising and lowering operations of the cargo G in order to
avoid obstacles in the transfer path or to maintain a certain distance of the cargo G from the ground.

[0141] However, according to the method for linearly moving the cargo G of the present invention explained below,
no centrifugal force or swing in the moving direction is applied to the cargo G even if a rotation operation of the crane
is carried out, and it also becomes possible to move the cargo G using the shortest track. With regard to the swing of
the cargo G in the moving direction, the moving rate of the jib point H is controlled so that the cargo G does not swing
in accordance with the length of the rope 3.

[0142] Next, a control for stopping the swing of the hoisted cargo G in the moving direction of the jib point H will be
explained with reference to the flowchart shown in FIG. 4.

[0143] First, the coordinates of the initial position A and the target position B are transformed into coordinates for
practice by means of the coordinate transformation unit 50.

[0144] Then, a standard rope length A, (a virtual rope length) which becomes a base for a virtual pendulum, is obtained
at a standard rope length setting unit 51 by taking into account the acceleration limit, and the speed limit derived from
the mechanical structure of the body 1, and the actual rope length A. The result obtained is output to a standard rope
length swing stop pattern formation unit 52. Note that the actual rope length A is also directly output to an actual rope
length acceleration command computation unit 54 (a jib point acceleration pattern computation means) which will be
explained later. Also, the obtained standard rope length 1 is directly output to the actual rope length acceleration
command computation unit 54.

[0145] In the standard rope length swing stop pattern formation unit 52 to which the coordinates for computation and
the standard rope length A are input, a swing stop pattern (virtual acceleration pattern) by which the cargo G is moved
from the initial position A to the target position B during the period in which the virtual pendulum at the standard rope
length A, returns to the zero point from the zero point.

[0146] Here, the acceleration a,, of the virtual pendulum at the standard rope length A is obtained, and this result is
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directly output to the actual rope length acceleration command computation unit 54, and is output to the standard rope
length swing angle computation unit 53. Methods for obtaining the acceleration a,, and the standard rope length A, will
be explained later in the section of computation processes.

[0147] The acceleration a, of the virtual pendulum at the standard rope length A, input into the standard rope length
swinging angle computation unit 52 is used to obtain the swinging angle 6 of the virtual pendulum at the standard rope
length A4, and this is output to the actual rope length acceleration command computation unit 54.

[0148] Further, the velocity v and the acceleration x of the actual length of the rope are obtained by means of the time
measurement of the encoder 4a, which measures the actual rope length, and the result is output to the actual rope length
acceleration command computation unit 54.

[0149] Also, the swinging angular velocity o of the cargo G may be obtained from the period T of the cargo G. That
is, since the period T can be obtained from the following equation (18):

period T = 21 V(M/g) ‘ ... (18),

the swinging angular velocity ® may be obtained from the following equation (19):
swinging angular velocity o = 2n/T ...(19).

[0150] As explained above, since the standard rope length A, the acceleration «, the swinging angle 6, and the actual
rope length A, as well as the velocity v and the acceleration k at the actual rope length, and the swinging angular velocity
o of the cargo are input into the actual rope length acceleration command computation unit 54, the jib point acceleration
a, can be obtained using the following equation (20) which is the same as the equation (1):

a, =j%ak0+ (1-—%Jg+x 0+2ve --+(20)

[0151] Note that the acceleration a,, of the virtual pendulum may be obtained from the acceleration limit due to the
mechanical structure of the crane and the actual rope length A, and the above equation (20) can be expressed as the
following equation (21) using a,,,, as the acceleration limit due to the mechanical structure, and sfas a safety coefficient:

A
—ak0=amaxxsf -+(21)

[0152] Accordingly, the acceleration a,, of the virtual pendulum in the above equation (21) is defined, and by this
definition of the acceleration a,, and the standard rope length A, of the virtual pendulum may be obtained based on the
acceleration limit due to the mechanical structure a,,,. Although the rope length is not limited as above, it has an
advantage of utilizing the performance of the crane to its maximum.

[0153] Asexplained above, according to the present invention, the acceleration command for the jib point H is obtained
from time to time taking into account the actual length of the rope A, which varies in accordance with the above equation
(20). Accordingly, the velocity command for the jib point H can be obtained by integrating the acceleration command.
Also, the positional command for the movement of the jib point H can be obtained by further carrying out the integration
process.

[0154] Based on the obtained positional command, coordinate transformation is performed again on the X-Y plane
showing the situation of the body 1 using a coordinate transformation unit 55 in order to output a revolution angle
command and a hoisting angle command. The revolution angle command and the hoisting angle command are, of
course, control commands that are obtained in relation to each other.

[0155] The revolution angle command is output to a revolution driving device with reference to the output value of the
revolution angle detection device 5a so as to prompt the revolution operation of the revolving frame 13 which includes
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the jib 2 attached to the main frame 14. Also, the hoisting angle command is input to a coordinate transformation unit
56 for the length of the cylinder 6, and is converted into a length command for the cylinder 6 to prompt the expansion
operation of the cylinder 6.

[0156] Next, the velocity pattern of the jib point H will be explained using an example. As shown in FIG. 2B, the swing
period of the cargo is regarded as one unit during the acceleration, and the crane is operated in accordance with the
acceleration pattern by which the swing of the cargo is stopped when the velocity becomes constant. If a hypothetical
case is considered in which an unexpected lowering operation is carried out during the constant speed period, since the
actual length of the rope 3 is varied as compared with an expected length thereof, the velocity pattern of the jib point H,
i.e., the acceleration pattern, is changed accordingly.

[0157] The dotted line shown in the figure indicates a case where the change in the length of the rope 3 is known in
advance in accordance with the hoisting of the jib 2. That is, the velocity pattern is almost the same as that at the start
of acceleration. However, if there is ari unexpected operation during the constant speed period, the acceleration pattern
and the velocity pattern of the jib point H are changed as shown in the solid line shown in FIG. 2B. Accordingly, the
swing of the cargo is suppressed and the cargo is transferred to the target point B.

[0158] Also, since the length of the rope 3 is increased due to the unexpected lowering operation, the degree of swing
of the hoisted cargo within one period is also increased. According to the present invention, however, the crane is
controlled in accordance with the swinging angle of the cargo, and the swinging angle of the cargo is not changed as
shown in the figure.

[0159] Next, a transfer track of the jib point H will be explained for the case where it is determined based on the
operation that the straight line connecting the initial position A and the target position B passes through the minimum
turning circle having the radius ry using FIG. 3.

[0160] InFIG. 3, the point O (0, 0) indicates the revolution center, the circle including the point O indicates a minimum
turning circle having the radius of ry, the coordinate of the initial position A is (X,, ya), the coordinate of the target position
B is (Xg, yg), and the coordinate of the middle point C between the point A and the point B is (x, Y.), the distance
between the point A and the point C is L,, the radius of the arc is R, the coordinate of an arbitrary point P on the arc is
(x, ¥), and g indicates an angle between a perpendicular to the straight line connecting the point A and the point B, which
passes through the point C, and the x axis.

[0161] Also, the distance between the point C and the point D is assumed to be L, and the distance between the point
O and the point P is assumed to be Lp.

[0162] Whenitis determined by the above-mentioned operation that the straight line AB connecting the initial position
A and the target position B passes through the minimum turning circle, the control unit 10 (refer to FIG. 1) starts operation
to obtain an arc shaped track which connects the point A and the point B without passing through the minimum turning
circle. Processes for moving the jib point H along the arc shaped tack will be explained.

[0163] As described in claim 6 and the relevant sections thereof in this specification, if the coordinates, which are
known, and the equation expressed by g are substituted by the following equations (22)-(27):

2(xC cosg+ y, sin¢)=a -+(22)

Li+n?—xct -y =5 +++(23)

4r02—a2 =y "'(24)

—2aB=6 .--(26)
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ALl -pr=e (27

then, the distance L between the point C and the above-mentioned point D can be obtained using the following equation
(28):

-5+ |62 -4ye
L= --+(28)

2y
[0164] On the other hand, the coordinate of the point D to be obtained can be expressed by the following formula (29):

(Xp, ¥p) = (Xc — Leos @, Xc — Lsind) ... (29)

[0165] Accordingly, the coordinate of D can be obtained by substituting L, which is obtained by the above formula (28)
with the equation (29).
[0166] Also, the radius R of the arc to be obtained can be expressed using the following formula (30) based on FIG. 3:

R2=12+L

- +{%\/@—x/,)2+(yg—y,4)2}2 ++(30)

[0167] Accordingly, in the above-explained manner, the radius R of the arc, and the center coordinate D of the arc
with respect to the revolution center O can be obtained.

[0168] The operation (i.e., computing) explained above is carried out by an arc operation command unit 60 (an arc
operation command means), and the results of the operation are input into the coordinate transformation unit 55 to
control the rotation operation of the revolving frame 13, and the hoisting operation of the jib 2 at the same time. Of course,
the command relating to the hoisting operation of the jib 2 is output by being converted into a length command for the
cylinder 6 via the coordinate transformation unit 56 for the cylinder 6.

[0169] The jib point H is moved along the arc shown in FIG. 3 as the transfer track so that a handling operation of the
cargo is carried out from the initial position A to the target position B.

[0170] In this embodiment, the arc shaped track for the cargo G touches the minimum turning circle only at a point
and does not follow the minimum turning circle. That is, the arc shaped track has a radius R which is much larger than
the radium ry. It is needless to say that the centrifugal force applied to the cargo G becomes smaller as the moving
radius for the cargo G becomes larger.

[0171] Also, although the arc shaped movement of the jib point H is explained by obtaining an arc which contacts the
minimum turning circle, the method for obtaining the arc shaped track is not limited to this, and can be obtained as
described below.

[0172] It has been explained that the minimum turning circle having the radius ry can be defined by the hoisting of the
jib 2 at the maximum degree. That is, since the minimum turning circle indicates a near-limit of the moving range of the
jib 2 due to the mechanical structure thereof, there is a possibility that an accurate operation of the jib 2 becomes difficult
depending on the situation due to, for instance, stuck of the cylinder 6.

[0173] Also, when the cargo G is moved near to the ground, there is a possibility that the outriggers 12 (refer to FIG.
1) will interfere with the transfer track of the cargo G.

[0174] In order to avoid these problems, it is possible to assume a hypothetical circle having a radius larger than rg
outside the minimum turning circle, and to obtain an arc shaped track which contacts the hypothetical circle. In this
manner, practically suitable and accurate loading and unloading operations for the cargo G can be carried out by
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substituting the radius r of the minimum turning circle with the radius of the above-mentioned hypothetical circle.
[0175] According to the method for operating the crane to move the jib point H of this embodiment of the present
invention, a most suitable transfer track of the cargo G can be obtained from the initial position A and the target position
B, and the workability in the loading and unloading operations can be improved.

[0176] Also, in the linear movement of the jib point H, the generation of swing of the hoisted cargo G can be suppressed
to substantially zero regardless of the change in the length of the rope 3 due to the change in the acceleration. Accordingly,
time required for stopping the swing of the cargo may be shortened, and the workability of the crane can be improved.
Moreover, since the crane may be always operated in the vicinity of the acceleration limit due to the mechanical structure
thereof, the cargo G may be transferred in a short amount of time while freely adjusting the height of the cargo G.
[0177] Furthermore, according to the present invention, the operator of the crane need not carry out an operation for
stopping the swing of the cargo, or the labor necessary for such operation is significantly reduced. In addition, since the
operator of the crane is free to carry out raising and lowering operations for the cargo G during the operation, a more
appropriate handling operation for the cargo may be realized.

[0178] Also, as for the arc track of the jib point H, since the hoisted cargo G may be moved along a continuous arc
shaped track having a large radius R, it becomes possible to minimize the centrifugal force applied to the cargo G, and
also the revolving speed can be increased without applying complicated and rapid inertia to the cargo G. Accordingly,
the workability in the handling operation of the cargo G can be improved.

[0179] Note that although an embodiment to which the present invention is applied to a mobile harbor crane 1 is
explained above, itis possible to apply the present invention to all cranes which are provided with a jib having a revolving
function.

[0180] Also, although a transfer track is explained for the case where the cargo G is hung from the jib point H, it is of
course possible to apply the present invention to a guiding operation for a jib not carrying a cargo. This is because if a
hanging member of the jib for carrying a cargo swings, this interferes with the handling operation, and it is necessary to
stop swing of the hanging member.

[0181] According to the above-mentioned case, time is reduced in a repeated operation of unloading the cargo G at
the target point B and moving the jib back to the initial position A to load another cargo.

[0182] Having thus described several exemplary embodiments of the invention, it will be apparent that various alter-
ations, modifications, and improvements will readily occur to those skilled in the art. Such alterations, modifications, and
improvements, though not expressly described above, are nonetheless intended and implied to be within the spirit and
scope of the invention. Accordingly, the invention is limited and defined only by the following claims and equivalents
thereto.

[0183] Further embodiments are named in the following:

1. A method for operating a crane provided with a jib having a jib point from which a cargo is hung via a rope member,
said cargo being moved from an initial position to a target position to carry out a cargo handling operation, said
method comprising:

a hypothetical rope length setting step in which a hypothetical length of said rope member is set;

a hypothetical acceleration pattern operation step in which a hypothetical acceleration pattern for a swing angle
of said rope member is operated for a case where the swing of said cargo is to be stopped at the target position
provided that the hypothetical length of said rope member does not change and that said cargo is linearly moved
from the initial position to the target position;

a rope length change obtaining step in which a change in an actual length of said rope member is obtained;

a jib point acceleration pattern operation step in which an acceleration pattern for said jib point is operated
taking into account the change in the actual length of said rope member obtained in the rope length change
obtaining step so that an acceleration pattern for swing angle of said rope member matches the hypothetical
acceleration pattern obtained in the hypothetical acceleration pattern operation step; and

a jib moving step in which said jib point is linearly moved based on results obtained in the jib point acceleration
pattern operation step.

2. A method for operating a crane according to 1, wherein said hypothetical rope length is set based on a maximum
acceleration for linearly moving said jib point, said maximum acceleration being determined based on performance

of said crane.

3. A method for operating a crane according to 1, wherein a jib point acceleration a, in the jib point acceleration
pattern operation step is expressed by the following formula:
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A
a=—a,,+ 1—% +x:8+2vw

2

where 1 is the hypothetical rope length, A is the length of said rope member, v is a velocity of said rope member,
K is an acceleration of said rope member, a,, is a jib point hypothetical acceleration in the hypothetical acceleration
pattern operation step, 6 is a swing angle of said cargo, ® is a swing angular velocity of said cargo, and g is
gravitational acceleration.

4. A method for operating a crane provided with a jib having a jib point from which a cargo is hung via a rope member,
said cargo being moved from an initial position to a target position to carry out a cargo handling operation, said
method comprising the step of:

transferring said cargo along an arc-shaped curve connecting the initial position and the target position, the arc-
shaped curve not passing through a minimum turning circle which defines a range that a handling operation for

said cargo is not possible due to a mechanical restriction of said crane.

5. A method for operating a crane according to 4, wherein the arc-shaped curve contacts the minimum turning circle
at one point.

6. A method for operating a crane according to , 5, wherein a transfer track of said cargo is projected onto an X-Y
plane, and assuming that a coordinate of a revolution center of said crane is O (0, 0), a coordinate of the initial
position A is (X,, Ya), @ coordinate of the target position B is (Xg, Yg), @ coordinate of a middle point C between the
point A and the point B is (Xc, Y¢), a distance between the point A and the point C is L, an angle between a
perpendicular with respect to a straight line connecting the point A and the point B, which passes through the point
C, and an x axis is ¢ , a radius of the minimum turning circle of said crane is ry, a coordinate of a point D which is
the center of said arc-shaped curve is D (xp, yp), and the distance between the point C and the point D is L,

then, a, B, v, 8, and ¢ are defined based on the following formulas:

Z(xC cos¢+ yclw sin¢)= a

2 2 2 2
L+ —xc"=yc"=p4

‘47‘02—'&2:}’
-2af=46

ar’Ll-pr=¢

and, the distance L is expressed by the following formula:
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L_—5+ [62-4ye

= %

to obtain the coordinate D (xp, yp) of the point D using the following equation:

(xp, ¥Yp) = (Xc - Leos @, Xc — Lsin @).

7. A method for operating a crane provided with a jib having a jib point from which a cargo is hung via a rope member,
said cargo being moved from an initial position to a target position to carry out a cargo handling operation, said
method comprising the steps of:

operating a linear track connecting the initial position and the target position for said cargo, and
carrying out a method for operating a crane according to any one of 1-3 if it is determined that the operated
linear track does not interfere with the minimum turning circle.

8. A method for operating a crane provided with a jib having a jib point from which a cargo is hung via a rope member,
said cargo being moved from an initial position to a target position to carry out a cargo handling operation, said
method comprising the steps of:

operating a linear track connecting the initial position and the target position for said cargo, and
carrying out a method for operating a crane according to any one of 4-6 if it is determiner that the operated
linear track interferes with the minimum turning circle.

9. Amethod for operating a crane provided with a jib having a jib point from which a cargo is hung via a rope member,
said cargo being moved from an initial position to a target position to carry out a cargo handling operation, said
method comprising the steps of:

operating a linear track connecting the initial position and the target position for said cargo,

carrying out a method for operating a crane according to any one of 1-3 if it is determined that the operated
linear track does not interfere with the minimum turning circle, and

carrying out a method for operating a crane according to any one of 4-6 if it is determined that the operated
linear track interferes with the minimum turning circle.

10. A control device for a crane which carries out a handling operation for a cargo connected to a rope member
hung from a jib point of a jib provided with said crane, said cargo being moved from an initial position to a target
position, said control device comprising:

a rope length change obtaining unit which obtains a change in an actual length of said rope member;

a jib point acceleration pattern operation unit which sets a hypothetical length of said rope member, operates
a hypothetical acceleration pattern for swing angle of said rope member for a case where said cargo is to be
stopped at the target position provided that the hypothetical length of said rope member does not change and
that said cargo is linearly moved from the initial position to the target position, and operates an acceleration
pattern for said jib point taking into account the change in the actual length of said rope member obtained by
the rope length change obtaining unit so that an acceleration pattern for swing angle of said rope member
matches the operated hypothetical acceleration pattern; and

a linear operation command unit which linearly moves said jib point based on the jib point acceleration pattern
operation unit.

11. A control device for a crane which carries out a handling operation for a cargo connected to a rope member

hung from a jib point of a jib provided with said crane, said cargo being moved from an initial position to a target
position, said, control device comprising:
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an arc operation command unit which controls a revolution operation of said crane and a hoisting operation of
said jib along an arc shaped curve connecting the initial position and the target position.

12. A control device for a crane which carries out a handling operation for a cargo connected to a rope member
hung from a jib point of a jib provided with said crane, said cargo being moved from an initial position to a target
position, said control device comprising:

a track determination unit which operates a linear line connecting the initial position and the target position, and
outputs a positional relationship with respect to a minimum turning circle of said crane,

a rope length change obtaining unit which obtains a change in an actual length of said rope member;

a jib point acceleration pattern operation unit which sets a hypothetical length of said rope member, operates
a hypothetical acceleration pattern for swing angle of said rope member for a case where said cargo is to be
stopped at the target position provided that the hypothetical length of said rope member does not change and
that said cargo is linearly moved from the initial position to the target position, and operates an acceleration
pattern for said jib point taking into account the change in the actual length of said rope member obtained by
the rope length change obtaining unit so that an acceleration pattern for swing angle of said rope member
matches the operated hypothetical acceleration pattern;

a linear operation command unit which linearly moves said jib point based on the jib point acceleration pattern
operation unit; and

an arc operation command unit which controls a revolution operation of said crane and a hoisting operation of
said jib along an arc shaped curve connecting the initial position and the target position, wherein

said track determination unit selects one of said linear operation command unit and said an arc operation
command unit for an operation of said crane.

13. A crane which carries out a handling operation for a cargo connected to a rope member hung from a jib point
of a jib provided with said crane, said cargo being moved from an initial position to a target position, said crane
comprising:

a control device for a crane as set forth in any one of 10-12.

Claims

1. A method for operating a crane provided with a jib having a jib point from which a cargo is hung via a rope member,
said cargo being moved from an initial position to a target position to carry out a cargo handling operation, said
method comprising the step of:

transferring said cargo along an arc-shaped curve connecting the initial position and the target position, the arc-
shaped curve not passing through a minimum turning circle which defines a range that a handling operation for
said cargo is not possible due to a mechanical restriction of said crane, the arc-shaped curve contacting the
minimum turning circle at one point.

2. A method for operating a crane according to claim 1, wherein a transfer track of said cargo is projected onto an X-
Y plane, and assuming that a coordinate of a revolution center of said crane is O (0, 0), a coordinate of the initial
position A is (x,, Ya), @ coordinate of the target position B is (xg, yg), a coordinate of a middle point C between the
point A and the point B is (x¢, Y¢), a distance between the point A and the point C is L, an angle between a
perpendicular with respect to a straight line connecting the point A and the point B, which passes through the point
C, and an x axis is @, a radius of the minimum turning circle of said crane is ry, a coordinate of a point D which is
the center of said arc-shaped curve is D (xp, yp), and the distance between the point C and the point D is L, then,
o, B ,7, 0 and ¢ are defined based on the following formulas:

2(xccoso + ycsing) = a
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L2 +10° —xc —yc' =B
4r02 —a’= Y
2ap =9

41‘02LA2 - [32 =€

and, the distance L is expressed by the following formula:

B —5+\/52 —4ye

= 2

to obtain the coordinate D (xp, yp) of the point D using the following equation:

(xp, ¥p) = (xc —Leos®, Xc - Lsin®).
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