7

SPECI FI CATI ON . . METHOD OF BRACI NG CRANE TECHNI CAL FI ELD

The present &@y 1 gn relates to a method of controlling thepstoRRRmssOf
B ~

the sw ng of ed type .cranes having a trolley car and a hoi'sting
wi nch and container cranes having a rope trolley driven traverse gear and
a hoi sting w nch. —1-
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BACKGROUND ART In general, a suspended type crane has a

configuratjo shown in Fig. 8, wherein a trolley car
wheel s 2a§k5%6&%§i|s 3. The rails 2 are driven for rotatlo y a ravel

nmotor 11 nmounted on the trolley car 1 through a reducer 12. An
el ectromagnetic brake 12 and a speed dehgctor 14 for detecting the speed
of the travel notor 11 are attached to t rotational axis of the notor
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feducer 43. An el ectromagnetic brake 44 and a pulse signal generator 45
for detecting the speed of the notor are attached to the rotgdymosbosaxi s
f the hoi stWRJS2M¥8or 42. A rope 5 is wound around the hoisting drum 41

or hoisting a load 6 through a hoisting accessory 51.
Control over the traveling speed of the trolley car 1 is effected by
controlling the traveling notor 11 wusing a travel driving controller 20. .
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bl ock diagram of the travel driving controller 20. A speed command

si gnal frqﬂhﬂwﬁﬂﬁﬁd commander 21 is input to a linear connp5¥ﬁﬁmﬁénghich
provi des a ranp speed conmand N err]. The deviation of the Fanp spéed
command Nerr] froma notor speed feedback signal Nerr], whichis
detected by the speed detector 14 and generated through a filter 26 as a
first-order lag elenent is input to and"éhﬁlified by a speed controller 23

o "be out put T2 S THRETEIY S AN N MR IR 24 r

Tlerr] is icpeing plor torque controller 24 for controlling the torque
of the notor" with a first- order lag tinme constant [err] applied. Thus,
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t he rope 5.

notor 11 is adjusted to control the speed of the travel
égl%e 8feedback signal N err] 1is generated by pegsio8gosze
the notor through the first-order lag elenent.
a bl ock representing a nmechanical time constant T[err] of
or 11, and [err] designates the speed of the notor (p. u).
a block representing a dynanrbsﬁbdel of the | oad, and 28
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-2- When the travel drive controller 20 in.Fig.- 1

controls t ling speed of the trolley car 1 in accorﬂ%ﬂ
ranp acceﬂgﬁa%|on?deceleratlon speed comand N err] obtai ﬁ? |nputt|ng 4

a speed command signal for high or |ow speed fromthe speed commander 21
to the |inear commander 22, periodic swings of the load occur in response
to the accel eration and decel eration of T trolley car 1. The swing angle
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as the acceleration and deceleration of the trolley car 1 increase.

As a solutiop to this problem the operators have nanually c

ty avel i ng sp@&l ¥P88he trol | ey car during acceleration or decg‘lrl]era{l on of
the trolley car depending on the swings of the load to stop the periodic
swi ngs of the | oad. Fig. 11 |Ilustrates the relationship between a
speed conmuand, notor speed, the sw ng angl e éf—the rope, and |load torque,
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swi ng angl e [err] of the rope is indicated using the synbol. [err]

Wth the gf gscribed configuration, in order to stop thag,psdideash C
sw ngs of e load, the operator of the crane nust accelerate an(?

decel erate t he troI | ey car depending on the swings of the |oad. Wen the
crane is operated renotely or automaticgléx, t he accel eration and
-3-
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decel erati on of the trolley car nust be very slow. This has significantly
reduced the transporting capability of the crane. DI SCLCB%JE@)%IO&;E
{ NVENTI ON WO 95[20868s an obj ect of the present invention to SS
periodic swings of -a l|load caused by acceleration and decel eration of
atrolley car, thereby allowing a crane to be operated automatically with

the travel of the trolley car nmaintai ned at9a hi gh speed. Accor di ng
to the present invention, there is rovided a method of stopping sw ngs of
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for travel, a travel drive controller having a controlling fuaction to

control ”Wo?f)ﬁ%ﬁ's of the notor by calculating a torque corfgapposisoss 2a
speed contro having only a proportional integrator or proportional

gain froma signal indicative of the deviation of a travel notor speed
f eedback signal NMFB detected by a speed ?ﬁiector on the travel notor and
froma speed command signal N err] outpadt a speed connander of the .
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a danping factoer is generated upon the swings of the |load by controlling

the speed of, g vel notor by - A CT/IP95/00835
use of the S‘BIG) %2%:%%trol |l er of the travel notor in accordance wth a

travel speed command signal N err] which has been corrected to make the
positional error E[err] of the trolley car fromthe optimumtraveling
posi ti on -11- '
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where the swing of the load is suppressed closer to O, the correction

bei ng per YW@ A¥WEH/ adding to the speed command signal N eR(rIPYe8Is by t he
speed commander a speed correction signal N err] obtained by anplifying
the positional error E[err] with a proportional integral anplifier or
proportional anplifier, the positional —efmor E[err] being obtained by

| oad

making the following calculation from the speed V[err] of the
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the | oad obtained by the hoisting speed detector: [err] where [err]=
[err] [err] ts the speed of the trolley car corresp | t he
r.at ed speedv%$9%ﬁ§sptravel nmotor; g represents gravitationalgggée‘éég?ion;
and s represents a Lapl ace operator. 1/Aldescription will now be given
of the operation of a controller according to the invention for
suppressing periodic swings of a |load and the principle behind the
suppressi on of swings of the rope. -5-
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iReferring to Fig. 9, a wing angle [err] (rad) of the rope is obtained from
a well kno Lon of notion given below as Equation 1

traveling ‘Q‘F}gggk}g#ké)t he trolley car is represented by V[err}lw}?rnﬁg%gcﬁsgnd
the length of the rope is represented by Lgn . [err] The
traveling speed V1 of the trolley car and the
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e

speed N[err] of the travel notor are in the relationship defined by the
Equation 2 ow. [err] Substitution of Equatio 5‘1@’9.

Eguat i on (1)S&§}Igglé§8%Equation 3 as shown bel ow. [err] b qu%{ﬁa%sn 3
can be changed as follows using the Laglagg operator s.
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Equation 5 is eqpipMiobisss ©

- 6-

VOPE(29%6F

[err](s) .can be given as Equation 5 shown bel ow from Equation 4.

[err]
[err]

the dynam c
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the swing angle of the rope in block 27 in Fig. 1. . Since [err]=0 when
t=0, [err](t time of predeterm ned acceleration [err ) of
t he travel %rvo(f%(zgg@n be obtai ned as Equation 6 shown bel ow fl}%%&gﬁ/a@gfi on
4. [err] Equation 6 indicates /3 the swing angle [err]
vibrates. The vibration starts as the acceleration of the trolley car
starts and Iastﬁégr a considerable tine after the acceleration stops, as
it is only air F '§i stance or the like which applies a force to danp the
periodic swing of the | oad.
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Equation 7 is eobtained if the traveling position of the load inits

travel ing di | fromthe starting point of the travel of ey
car as the déﬁé%h&#g represented by x and the swi ng angle [é?b?ﬁ?%g@ﬁgcﬁ
the rope 'is approximated by sin[err] = gong] because it is small. [err]
where L represents the Il ength of the hoisting rope. Equation 4 is
changed into aqggggation for the position x of the load in the traveling.
direction ther (Equation 8 below) after substituting Equation 7 for

the [err] in Equation 4.
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~7- . [err] where [err] = (g/L)[err] Equation 8 indicates
that the poswoesmIgesof the |oad in the traveling direction theT/as/008ssa
function which varies periodically.
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Danpi ng of such a notion of the load so that its position periodically
changes can weo gszroBe® ned by controlling the speed of the mtm,ﬁﬁs,o@gym ng
tshe trolley car to travel, so that the right side of Equation 8 will

i nclude a function of -sx. Then, the right side of Equation 8 is divided
as shown on the right side of Equation 9 $hthh bel ow. [err] where
[err] represents a set value of the danmping coefficient for the

swi nging notion of the load, and N err] represents a conponent of speed in
the motor spee®I&®rr] which is proportional to the speed conmand N err]
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by the speed commander. Equation 9 can be changed into Equation 10 as

shown bel ow r] replaced by N err]. [err] SX ird
termon the Ie(??yis*?e of Equation 10 is a differential si gna?Es}f'pétgf?ielas
position x of the 9/118-
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| oad and is equal to the noving speed VL of the |oad. Therefore, Equation
11 i s obtai fgsosaeggghown bel ow by replacing-sx with VL and bpcHussoogsst i ng
ERR for the |left side of Equation 10. [err] The first termon the
right side of Equation 11 indicates the value of a position conmand
because it is the tine integration of thel9pfHd conmand signal for the
travel notor. The second termon the right side of Equation 11

i ndicates the position of the trolley car because it is the tine

i ntegration of FH@.1dpeed of the travel notor.
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The third termon the right side of Equation 11 is a signal proportional
to the nnvingwsgeed of the | oad. E[err] on the | eft sidecgiypéspesdsi on
11 represent g.sﬁﬁﬁ?tional error of theytnolley car in relation to the
optimal positional condition for suppressing the swing of the |oad

I ndi cated by Equation 10. Equation 11 can be changed into Equation 13
shown bel ow which gives a positional error E[err] of the trolley <car in -~
relation to the og}h positional condition for suppressing the sw ng of
the load by replactHg*f[err] of the second termon the right side thereof
with the travel notor feedback signal Nerr], replacing VL of the thir
termw th the noving speed detection signal V[err] of the :
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| oad, and replacing wof the third termw th the angul ar

-9-

velocity [err] of the swng of the |oad cal cul ated according

to Equation 12 as shown bel ow fromthe neasured length L[err] of the
hoi sting rope and gravitational acceleration g.

SPECIFICATION

METHOD OF BRACING CRANE

TECHNICAL FIELD

The present invention relates to a method of
controlling the stoppage of the swing of suspended type
cranes having a trolley car and a hoisting winch .and
container cranes having a rope trolley driven traverse

gear and a hoisting winch.

BACKGROUND ART
| In generai, a suspended tyﬁe crane has a
configuration as shown in Fig. 8, wherein a trolley car
1 travels on wheels 2 along rails 3. The rails 2 are
driven for rotation by altravel motor 11 mounted on.the
trolley car 1 through a reducer 12. An electromagnetic
brake 12 and a speed detector 14 for detecting the speed
of the travel motor 1l are attached to the rotational
axis of the motor 11.
A hoisting wingh 4 having a hoisting d}um 41 is
mounted on the trolley car 1. The hoistiﬁg drum 41 is
driven for rotation by a hoisting motor 42 through a.

reducer 43. An electromagnetic brake 44 and a pulse

. signal generator 45 for detecting the speed of the motor

are attached to the rotational axis of the hoisting
motor 42. A rope 5 is wound around the hoisting drum 41

for hoisting a load 6 through a hoisting accessory 51.



[err] . A danping factor is generated upon the swinging notion of the
| oad to suppress periodic swngs by controlling the speed of the travel
motor using a travel speed command signal corrected so that the positional
error signal E[err] approaches zero. As descri bed above, the present
I nvention enables periodic swings of the | oad generated during
accel eration and deceleration of the trolley car to be suppressed, thereby
elimnating the needCéntrobnwyier ophe atreneltiongstspeedeofwniths. tToldeyl | owns
the trolley car 1 is effected by controlling the traveling motor 11
using a travel driving controller 20. Fig. 10 is a
block diagram of the travel driving controller 20. A
speed command signal from a speed commander 21 is input
to a linear commander 22 which provides a ramp speed
command Npgz. The deviation of the ramp speed command
Npg from a motor speed feedback signal Ny, which is
detected by the speed detector 14 and generated through
a filter 26 as a first-order lag element is input to and
amplified by a speed controller 23 with an integrator
having a proportionai gain A and a time constant 1, to
be output as a torque command signal Tpg. The torque
command signal Tpp is input to a motor torque controller
24 for controlling the torque of the motor with a first-
order lag time constant-'rY applied. Thus, the torque Ty
of the travel motor 11 is adjusted to control the speed
of the travel motor 1ll1l. The speed feedback signal Nyg,
is generated by passing the rotational speed of the
motor through the first-order 1lag element. 25
designates a block representing a mechanical time
constant 1y of the travel motor 11, and N, designates
the speed of the motor (p. u). 27.designates a block
representing a dynamic model of the 1load, and 28
designates a block representing a model of load torque
T, (p.u) of the motor.
In the block 27, 6 represents the swing angle

(rad) of the rope 5.



car to travel at a high speed and enables significant inprovenent in the
transporting capability of the crane through automatic operation. BRI EF
DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a block diagramshowi ng a first
enbodi nent of a travel drive controller according to the present

I nventi on. ' 10 :

Wheﬁ the travel drive controller 20 in Fig. 10
controls the traveling speed of the trolley car 1 in
accordance with a ramp acceleration/deceleration speed
command Npp obtained by inputting a speed command Signal
for high or low speed from the speed commander 21 to the
linear commander 22, periodic swings of the load occur
in'respohse to the acceleration and deceleration of the
trolley car 1. The swing angle of the rope 5 increases
as the acceleration and deceleration of the trolley car
1 increase.

As a solution to this problem, the operators have
manually changed the traveling speed of the trolley car
during acceleration or deceleration of the trolley car
depending on the éwings of the load to stop the periodic

- swings of the load.

Fig. 11 illustrates the relationship between a
speed command, motor speed, the swing angle of the rope,
and load torque, and shows that périodic swings of the
load continuously occur during the acceleration and
deceleration of the trolley car, destabilizing the
variable speed characteristics of thé trolley car. The
swing anglé ® of the rope is indicated using the symbol
na,

With the ‘above-described configuration, in order
to stop the periodic swings of the load, the operator of
the crane must accelerate and decelerate the trolley car
depending on the swings of the load. When the crane is

operated remotely or automatically, the acceleration and



Fig. 2.s a block diagramshow ng a second enbodinent of a travel drive
controller according to the present invention. Fig. 3 is a block

di agram showing a third emnbodinment of a travel drive controller according
to the present invention. Fig. 4 is a block diagram showing a
fourth embodiment of a travel drive controller according to the present

I nventi on: Fig. 5 is a block diagram showing a fifth

deceleration of the trolley car must be very slow. This
has significantly reduced the transporting capability of

the crane.

DISCLOSURE OF THE INVENTION

It is an object of the present invention to
suppress .periodic swings of a load caused by
acceleration and deceleration of a trolley car, thereby
allowing a crane to be operated automatically with the
travel of the trolley car_maintained at a high speed.

According to the present invention, there is
provided a method of stopping swings of a suspended type
crane having a travel motor for driving a tfolley car
for travel, a travel drive congroller having a
controlling function to control the speed of the motor
by calculating a torque command using a speed controller
.having only a proportional integrator or proportional
gain from a signal indicative of the' deviation of a

-travel motor speed feedback signal Ny, detected by a
speed detector on the travel motor and from a sbeed
command signal Npg, output by a speed commander of the
travel motof, a hoist motor for driving a hoisting winch
provided on the trolley car, a hoisting accessory for
suspending a load at the end of a rope to be hoisted by
the hoisting winch, and a drive controller for the hoist
motor, wherein:

a damping factor is generated upon the swings of

the load by controlling the speed of the travel motor by



enbodi nent of a travel drive controller according to the present

I nventi on. Fig. 6 is a block diagram showing a sixth

embodi nent of a travel drive controller according to the present

i nventi on. Fig. 7 illustrates acceleration and decel eration
characteristics of a travel drive controller for a trolley car according
to the present invention. Fig. 8 illustrates a configuration of a
suspended typuser & Grh&NhBEﬁed t¢@l¢@13€,%ﬂ iofvi bhea travel ngotgmchin
nmount ed t hereon travels. illustrates A the dynamc

rel ati onship BEFREEANEe: Withep Giﬁvﬁﬂa§§ﬁe@eﬂQﬂ@a§ﬂdSﬁﬁ@a@eﬁbuu ghigh

has been corrected to make the positional error Egy, of
the trolley car f£from the éptimum traveling position
where the swing of the load is suppressed closer to 0,
the correction being performed by adding to the speed
command signal Ngpg, output by the speed commander a
speed correction signal Ngpg,p Obtained by amplifying the
positional error Eg,, with a proportional integral
amplifier or proportional amplifier, the positional
error Egpp, being obtained by ﬁaking the following
calculation from the speed V,, of the load in the
direction of its travel detected by a speed detector
attached to the  hoisting accessory, a set dampiﬁg
coefficient §, the travel speed command signal Ngg,, the
motor speed feedback signal Nygz, and a measured value
Lg of the length of the rope from the hoisting drum and
the load obtained by the hoisting speed detector:

Eppi = Nppo/S ~ Nyps/S - {28/(Veug)}Vpg
where wg = (g/Lg)/%; V. represents the speed of the
trolley car corresponding to the rated speed of the
travel motor; g represents gravitational acceleration;
and s represents a Lgplace operator.

A description will now be given of the operation
of a controller according to the invention for
suppressing periodic swings of a load and the principle

behind the suppression of swings of the rope.



| oad. . Fig. 10 is a block diagram show ng a conventional travel

dri vi ng devi ce. |, . Fig. 11 illustrates acceleration and decel eration
characteristics of a conventional travel driving device.
Fig. 12 illustrates a configuration of a rope driven crane having a

traverse driving device and a hoist driving device nmounted on a fixed side
thereof. Referring to Fig. 9, a wing angle & (rad) of the
rope is obtained from a well known equation of motion
given below as Equation 1 where the traveling speed of
the trolley car is represented by V;, (m/sec) and the

length of the rope is represented by L(m).

2 ' 2
d-e + 0)29 = <w > dvl r Wwhere w = —g-— (1)

di? g dt L

The traveling speed V1 of the trolley car and the
speed Ny of the travel motor are in the relationship
defined by the Equation 2 shown below.

V, = Vgl | (2)

Substitution of Equation (2) in Equation (1) gives

Equation 3 as shown below.

2
+u2e = (2R ) Ny | - (3)
dat? g dt

Equation 3 can be changed as follows using the

Laplace

operator s.

2
s26 + w20 = (;9?¥h-:) sNy (8) (4)

6(s) can be given as Equation 5 shown below from

:) Ny, (s) - (5)

Equation 4.

o = (45 V(e
S22 g




BEST. MODE FOR CARRYI NG OUT THE | NVENTI ON The present invention will
now be described with reference to the enbodi nents thereof as shown in the

acconpanyi ng draw ngs. Fig. 1 is a block diagramof a travel drive
controller for a trolley car having a speed controller according to the.
present invention. The conponents identical to those in Fig. 10

referred to in the section of the description of the related art are given
li ke nanes and ref eEgnabiooniSeris seguivailent hot the dimamidenodel of A
first enbodi ment of the present invention will_ now be described with
reference to Fkje swing angle of the rope in block 27 in Fig. 1.
Since 6=0 when t=0, 6(t) at the time of
predetermined acceleration o (p.u/sec) of the travel
motor can be obtained as Equation 6 shown below from

Equation 4.

9 = <——V§°—> (1-COSwt) . (6)

Equation 6 indicates that the swing angle 6
vibrates. The vibrafion starté as the acceleration of
the trolley car starts and lasts for a considerable time
after the acceleration stops, as it is only air
resistance or the like which applies a force to damp the
periodic swing of the load.

Equation 7 is obtained if the traveling position
of the load in its traveling direction from the starting

" point of the travel of the trolley car as the origin is

represented by x and the swing angle 6 (rad) of the rope

is approximated by sin®é = 6 because it is small.
VpN, x '
= —BRM (7)
Ls L

where L represents the length of the hoisting rope.
Equation 4 1is changed into an equation for the

position x of the 1load in the traveling direction

thereof (Equation 8 below) after substituting Equation 7

for the 6 in Equation 4.



A not or . speed
speed det ector

det ection' f eedback signal NRFB which is a signal froma

14 attached to the rotational axis of a travel notor 11,

S

fed back through a filter 26 having a first-order lag elenent to a signa

N err], which

N[ err] for danmping control to an output signal NRFO of a speed commander
devi ation of the speed command N err]. fromthe notor speed

21. The

i s obtained by adding a speed conmand correction signal

detection signal NMFB is input to a speed controller 23 which in turn

outputs a torque comrand signal T

si gnal

[ery], which is obtained by adding a
s2x + w?x ='————:"‘év]'RNM (8)
s

where w = (g/L)1/2,

Equation 8 indicates that the position x of the
load in the traveling direction thereof is a function
which varies periodically.

Damping of such a motion of the load so that its
position periodically changes can be performed by

controlling the speed’ of the motor for causing' the

trolley car. to travel, so that the right side of

Equation 8 will include a function of -sx. Then, the
right side of Equation 8 is divided as shown on the
right side of Equation 9 shown below.

w?VeN,  w?VN _ .

— = ———gJ“L__— 28wsx | (9)
where § represents a set value of the damping
coefficient for the swinging motion of the load, and Ny,
represents a component of speed in the motor speed Ny
which is proportional to the speed cémmand Nrro output
by the speed commandér. Equation 9 can be changed into
Equation 10 as shown below with ﬁﬁo replaced by Ngpq-.

N N 28 :
—RFO M _ sx = 0 (10)
8 S Vgw _

sx of the third term on the left side of Equation

10 is a differential signal of the position x of the



achi.eved by multiplying the speed deviation signal by a proportional gain
A and a signal obtained by integrating the speed deviation signal at a
time constant [err]. If the speed controller 23 has only the proportional
gain A a signal obtained by multiplying the speed deviation signal by A
s output to a torque controller 24 as the notor torque conmand signal
T[err]. The torque controller 24 controls the torque of

load and is equal to the moving speed V, of the 1load.
Therefore, Equation 11 is obtained as shown below by
replacing sx with V, and by substituting Eg; for the

left side of Equation 10.

Vi (11)

Npro Ny 28

8 Vg

The first term on the right side of Equaﬁion 11

indicates the value of a position command because it is

._the time integration of the speed command signal for the
travel motor.

The second term on the right side of Equation 11
indicates the position of the trolley car because it is
the time integration of the speed of the travel motor.

The third term on the right side of Equation 11 is
a signal proportional to the moving speed of the load.

Egg on the left side of Equation 11 represents a
positional error of the trolley car in relation to the
optimal positional condition for suppressing the swing
of the load indicated‘by Equation 10.

Equation 11 can be changed into Equation 13 shown
below which gives'a positibnal error Egpp, of the trolley
car in relation to the optimal positional condition for
suppressing. the swing of the load by replacing Ny, of the
second term on the right side thereof with the travel
motor feedback signal l%ﬁn' replacing V, of the third
term with thé moving épeed detection signal Vi of the

load, and replacing w of the third term with the angular



the notor torque T[err] using the first-order lag element TT in accordance
with the torque conmmand signal T[err]. 30 desi gnates an .angul ar

vel ocity calculator for calculating the angul ar frequency [err] of the
swing of a |oad. The angular frequency [err] is calculated froma

measured val ue of the length (L[err]) of the rope fromthe hoisting drum
and the | oad obtained by the hoisting speed detector according to Equation
12. Next vefloeigyer agi onfof thedaspiimg cofi r dher Poadwi talpulated
descri bed. In the danping controller 29, a proportional _integral
anpl i fier conpRFSPA§iagdpr &or EABASLOBai A2G aRd SBﬁWFntBQFQW frem céhst ant

err] anplifies a positianal
[ I am measured length Ly of the hoisting rope and

gravitational acceleration g.

I (12)

. _ BNero _ (13)
RR1
(= VRwE

A damping factor is generated upon the swinging.

motion of the 1load to suppress periodic swings by
controlling the speed of the travel motor using a travel
speed command signal corrected so that the positional
error signal Egp, approaches zero.

As described above, the present invention enables
periodic swings of the 1load generated during
acceleration and deceleration of the trolley car to be
suppressed, thereby eliminating the need for manual
operations to stop the swings. This allows the trolley
car to travel at a high speed and enables significant
improvement in the transporting capability of the crane

through automatic operation.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.- 1 1is a block diagram showing a first
embodiment of a travel drive controller according to the

present invention.



error E[err] of the trolley car that differs fromthe optimal position for
suppressing the swing thereof obtained according to Equation 13 based on

the travel speed command signal Nerr], the nmotor speed feedback
signal Nerr], the angular frequency signal J[err], a detection
signal LE indicating the speed of the load in the traveling direction
t hereof detected by a | oad speed - - 13 -

Fig. 2 1is a block diagram showing a second
embodiment of a travel drive controller according to the
present invention.

Fig. 3 1is a block diagram showing a third
embodiment of a travel drive controller according to the
present invention. |

Fig. 4 1is a block diagram showing a fourth
embodiment of a travel drive controller according to the
present invention.

Fig. 5 is a block diagram showing a fifth
embodiment of a travel drive controller according to the
present invention.

Fig. 6 1is a blbck diagram showing a sixth
embodiment of a travel drive controller according to the
present in#ention.

Fig. 7 1illustrates acceleration and deceleration
characteristics of a travel drive controller for a
trolley car according to the present invention.

Fig. 8 illustrates a configuration of a suspended
type crane on which a trolley car having a hoisting
winch mounted thereon travels.

Fig. 9 1illustrates the dynamic . relationship
between a trolley_car travel device and the weight of a
load.

Fig. 10 is a block diagram showing a conventional
travel driving devide.

Fig. 11 illustrates acceleration and deceleration

characteristics of a conventional travel driving device.



detector 31 attached to a hoisting accessory 51, and a preset danping
coefficient [err]. As a result, the danmping control speed conmand
‘correction signal N err] for stopping the swing is obtained. A speed
command signal Nerr] (p. u) is obtained by adding the danping control
speed command correction signal Nerr] to the travel speed conmmand signa
Nerr] (P. u) output by the speed commander 21, and the devi ation thereof
fromthe speed detedtigon di2gndllugerateg p.a)) configuyation t € speatppe
controller 23.  Then, the speed controller 23 controls notor speed

N err] so thatdgiven| coase UpaviRg sgecliravandAd &4 ignng NGevice and &ch

control allows the sw i n tion of a |oad
hoist r{]iné]ég%ice mounted on a fixed side thereof.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention will now be described with
reference to the embodiments thereof as shown in the
accompanying drawings.

Fig. 1 is a block diagram of a travel drive
controller for a trolley car having a speed controller
according to the present invention. The components
identical to those in Fig. 10 referred to in the section
of the.description of the relatéd art are given like
names and reference numbers and so will not be
described.

A first embodiment of the present invention will
now be described with reference to Fig. 1.

A motor speed detection feedback signal Ngg, which
is a signal from a speed detector 14 attached to the
rotational axis of a travel motor 11, is fed back
through a filter 26 having a first-order lag element to
a signal Ngg,, which is obtained by adding a speed
command correction signal Npp,p for damping control to
an output signal NRFO of a speed commander 21. |

The deviatio_n of the speed command Npp, from the
motor speed detection signal Nygps is input to a speed
controller 23 which in turn outputs a torque command

signal Tpe, which is obtained by adding a signal



to be danped at the preset danping coefficient [err], and this suppresses
periodic swings of the |oad. A second enbodi nent of the present
invention will now be described with reference to Fig. 2. | nst ead
of the detection signal V[err] indicating the speed of a load in the
traveling direction thereof as in the first enbodi nent,

accel eration/deceleration [err] of a load in the traveling direction
thereof is detasitievesdy bypmuektiplkying orthelespeedrdegiation poghailobal 2error
Elerr] fromthe optimal position of the trolley car for suppressing sw ng
as in the fir@roparddionad 9ain fglangd & &danal phisdaned/ byl igrtegrating in

the travelin directi on_thereof obtained by integrating the
gthe speeg dev?atgon signal ag a t? e coé%tant Ty If

the speed controller 23 has only the proportional gain
A, a signal obtained by multiplying the speed deviation
signal by A is output to a torque controller 24 as the
motor torque command signal Tpg.

The torque controller 24 controls the torque of
the motor torque Ty using the first-order lag element T,
in accordance with the torque command signal Trp*

30 designates an angular velocity calculator for
calculating the angular frequency wp of the swing of a
load. The angular frequency w, is calculated from a
measured value of the length (Lg) of the rope from the
hoisting drum and the load obtained by the hoisting
speed detector according to Equation 12.

Next, the operation of a damping controller 29
will be described.

| In the damping controller 29, a proportional
integral amplifier comprising a proportional gain G and
an integral time constant Tpp amplifies a positional
error Epp, of the trolley car that differs from the
optimal position -for suppressing the swing thereof
obtained according to Equation 13 based on the travel
speed command signal Ngp,, the motor speed feedback
signal Nygpr the angular frequency signal wgz, a
detection signal Ly indicating the speed of the load in

the traveling direction thereof detected by a load speed



accel eration/decel eration detection signal [err] using a

-. 14 - - load speed cal culator 36. Thus, control is perforned in
the sane manner as in the first enbodi nent. A third enmbodi nent of the
present invention will now be described with reference to Fig. 3.

detector 31 attached to a hoisting accessory 51, and a
preset damping coefficient 6. As a result, the damping
control speed command correction signal Npppp for
stopping the swing is obtained.

A speed command signal Ngg; (p. u) is obtained by
adding the damping control speed command correction
signal Npgpp to the travel speed command signal Npg, (P.
u) output by the speed commander 21, and the deviation
thereof from.thé speed detection signal Nygs (p.u) is
input to the speed controller 23. Then, the speed
controller 23 controls motor speed Ny so that it follows
up the speed command signal Npg,.

Such control allows the swinging motion of a load
to be damped at the preset damping coefficient §, and
this suppresses periodic swings of the load.

A second eﬁbodiment of the present invention will
now be described with reference to Fig. 2.

Instead of the detection signal V[ indicating the
speed of a load in the traveling direction thereof as in
the first embodiment, acceleration/deceleration oy p of
a load in the traveling direction thereof is detected by
an acceleration detector 32. The positional error Epp,
from the 6ptima1 position of the trolley car for
suppressing swing. as in the first embodiment is
calculated using speed V.5, of the load in the traveling
direction thereof obtained by integrating the

acceleration/deceleration detection signal o;,s using a



Instead of the traveling speed detection signal VLE as in the first
enbodinent, in this third enbodinent, speed VLE2 of the load in the
traveling direction thereof is used, which is calcul ated according to
Equation 14 shown bel ow based on the notor speed feedback signal Nerr]
fromthe travel speed controller, a neasured value L[err] of the length of
the hoisting rope, and a swing angle signal [err] detected by a rope sw ng
angl e detectorl@sl speed cakcesbater \BGy r [Thum, peentiohals perterme@rin from
the optimal position of the trolley car _for suppressing swng as in the
first embodi nefhe jsame Manner s tin fdre FrintorRBRAdineRthe sane nanner as in

the first enbodi nent. éerr& \ ) ) )
A third embodiment of the present invention will

now be described with reference to Fig. 3.

Instead of the traveling speed detection signal
Vg as in the first embodiment, 1in this third
embodiment, speed V,p, of the load in the traveling
direction thereof is used, which is calculated according
to Equation 14 shown below based on the motor speed
feedback signal Nygs from the travel speed controller, a
measured value Lp of the length of the hoisting rope,
and a swing angle signal 6; detected by a rope swing_
angle detector 38. Using the speed Vp,, the positional
error Egpp, from the optimal position of the trolley car
for suppressing swing as in the first embodiment is
calculated_to perform control in the same manner as in
the first embodiment. | |

Viez = VeMure ~ SLgfg (14)

A fourth embodiment of the present invention will
now be described with reference to Fig. 4. |

In the method of controlling the swing of a crane
as described in the first embodiment of the invention,
switches SW; through SW, of a damping coefficient
switcher 34 are operated according to the state of the
operation of the travel motor to select any one of a
plurality of damping coefficient preset values §,
through 6#, thereby outputting a damping coefficient

preset value signal.



A fourth embodi ment of the pr esent invehtion will now be described with
reference to Fig. 4. In the nmethod of controlling the swing of a
crane as described in the first enbodi nent of the invention, swtches
SWerr] through SWerr] of a danmping coefficient switcher 34 are
operated according to the state of the operation of the travel notor to
sel ect any one of .a plurality of danping coefficient preset values [err]
through [err], ther @emouehpet dapgingdagefifij cieelt i preset paduet signal
sighal. selected by the damﬁiﬁgsébefficient switcher 34 is input
to a damping coefficient switching adjustér 35, the
selected damping coefficient ?reset value signai is
generated through a first-order lag element as a damping
coefficient preset value 8. |

For example, assume that the output signal of the
damping coefficient switcher 34 is switched from §, to
8y Then, although the output signal of the damping
coefficient switcher 34 is instantaneously switched from
§; to §,, the signal from the output side of the damping
coefficient switching adjuster 35 changes slowly. As a
result, no direct delay occurs in the calculation of the
speed correction signal Npp,p £or damping control
performed by the damping controller 29.° This allows
stable control over the stoppage of swings of a crane.

As a fifth and sixth embodiment of the invention,
arrangements as shown in Fig. 5 and Fig. 6 may be made
wherein the damping coefficient switcher 34 and damping
coefficient switching adjuster 35 as described in the
fourth embodiment are provided in the cbnfigurations
according to the second and third embodiments. Thus,
switqhes SW; through SW, of the damping coefficient
switcher 34 are operated to select any one of a
plurality of damping coefficient preset values §,
through §,, thereby outputting a damping coefficient

preset value signal; the damping coefficient preset

value signal selected 'by the damping coéfficient



When the danping coefficient preset value signal selected by the danping
coefficient swtcher 34 is input to a danping coefficient swtching

adj uster 35, the selected danping coefficient preset value signal is
generated through a first-order |lag elenent as a danping coefficient
preset value [err]. For exanpl e, assume that the output signal of
the danmping coefficient swwtcher 34 is switched from/[err] to J[err].
Then, al t hougiswitechan pu34 si imal inputhetdangihvey damping coefficient

switching adjuster 35; and the selected damping
coefficient preset value signal is generated through a
first-order lag element as a damping coefficient preset
value §.

| Although preferred embodiments of the invention
have been described with reference to a crane having a
travel driving device and a hoist driving device mounted
on a trolley car, as shown in Fig. 12, the present
invention may be applied as it is to cranes such as
container cranes having a traverse trolley car using a
rope trolley driving system in which a traverse.driving
device and hoist driving device are provided on a fixed
side thereof. 1In Fig. 12; 51 designates a traversing
device; 56 designates rails; 58 designates a traverse
trolley car; 53 designates a hoisting device; 54
designates a container which is avload; 55 designates a
controller; 60 designates a traversing rope; 59
designates wheels; 61 designates a drum for driving the
rope; 62 designates a reducer; 63 designates a traverse
motor; 64 designates an electromagnetic brake; 65
designates a speed detector; 67 and 69 designate guide
controllers; 71 designates a hoisting drum; 72
designates a reducer; 73 designates a hoist motor; 74
designates an electromagnétic brake; 75 designates a
speed detector; 76 designates a hoisting rope; 77
designates a hoisting portion; 80 designates a hoisting

accessory; 81 through 89 designate guide rollers; and 90



coefficient switcher 34 is I nstant aneously switched from [err] to [err],
the signal fromthe output side of the danping coefficient switching
adj uster 35 changes slowly. As a result, no direct delay occurs in the
calculation of the speed correction signal NRFDP for danping control
performed by the danping controller 29. This allows stable control over
the stoppage of swings of a crane. As a fifth and sixth enbodi nent
of the invent designatesnganewinding sidowm. n FTge Sescr Hpios ey Harmmade
wherein the danping coefficient switcher 34 and danping coefficient .
switchi ng adj 8PPdiess 49 d&beri peghrA tRE rFonkrrliinedi FBAt 5raveréd ded
' I gyrati,ons . agcording tq the second, and third_enbodi nents.
%Ru;he conf ggrgving deJice sh&%n %n Fig. 1? ig'the word r'ﬂ':c).raveln %s
amended to read "“traverse". The contents of the
disclosure and the appended claims may be read with the
word "travel" replaced by "traverse" to apply -the
present invention to such a method in the same manner as
for cranes wherein a travel driving device and a hoist
driving device are mounted on a trolley car.

Fige 7 1is a view corresponding to Fig. 11
illustrating the prior art, which shows the operational
characteristics of a trolley car obtained using the
method of suppressing swing according to the present
invention. It is :apparent from this view that load
swings are sufficiently suppressed and the variable
speed characteristics of the trolley car are stable
compared to the characteristics shown in Fig. 11
illustrating the prior art.

The present invention may be applied to the field
of automatic operations of suspended type cranes having
a travel device for driving a trolley car and a hoisting
device and container cranes having a traverse device of
a rope trolley driving type and a hoisting winch and the

like.



switches SWL through SWerr] of the danping coefficient switcher 34 are
operated to select any one of a plurality of danping coefficient preset
values [err] through [err] thereby outputting a danping coefficient
preset val ue signal; the danping coefficient preset value signal
selected by the danping coefficient - 16 -

CLAIMS

1. A method of stopping swings of a suspended
type crane having a travel motor for driving a trolley
car for travel, a travel. drive controller having a
controlling .function to control the speed of the motor
by calculating a torque command sigrial Tgp USing a speed
controller having only a proportional integrator or
proportional gain from a signal indicative of the
deviation of a travel motor speed feedback signal Nygg
detected. by a speed detector on the travel motor and
from a speed command signal Ngg, output by a speed
commander of the travel motor, a hoist motor for driving
‘a hoiéting winch provided on the trolley car, a hoisting
accessory for suspending a load at the end of a rope to
be hoisted by the hoisting winch, and a drive controller
for the hoist motor, wherein:

a damping factor is generated upon the swings of
the load by controlling the speed of the travel motor by
the speed controller of the travel motor in accordance
'wi_t;.h a travel speed command signal Ngp; which has been
corrected to make the positional error Ep, of the
trolley car from the optimal traveling position where
the swing of the load is suppressed closer to 0, the
correction being performed by adding to the speed
command signal Ngg, output by' the speed commander a
speed correction signal Npp,, obtained by amplifying the
positional error Ep,, by a proportional integral

'amplifier or proportional amplifier, the positional

- -



switcher 34 is I nput to the danping coefficient swtching adjuster 35; and
the sel ected danping coefficient preset value signal is generated through
a first-order lag elenent as a danping coefficient preset value [err].
Al t hough preferred enbodi ments of the invention have been described with
reference to a crane having a travel driving device and a hoist driving
device nounted on a trolley car, as shown in Fig. 12, the present
i nvention may éerepplEgd adeimg s obdaimedes byucmaksngorithe nefotlawing
having a traverse trolley car using a rope trolley driving systemin which
a traverse dricakgulaeiore fremhdiher gpeedngVgevicfe &he pleaddednonthefi xed
direction of its travel detected by a speed detector
attached to the hoisting accessory, a set damping
coefficient §, the travel speed command signal Ngg,, the
motor speed feedback signal Nygm, and a measured value
Lg of the length of the rope from the hoisting drum and
the load obtained by the hoisting speed detector:
Bapy = Naeo/S = Nyps/s - (28/(Vgug) }Vpg
where wgp = (g/LE)l/zg Vp represents the speed of the
trolley car corresponding to the rated speed of the
travei motor; g represents gravitational acceleration;
and s represents a Laplace operator.
2. The method of stopping swings of a crane
according to Claim 1, wherein the positional error Egr1
of the trolley car from the optimal traveling position
thereof for suppressing the swing of the 1load is
calculated using a speed signal V., obtained by
performing time integration on a detection signal ay,
from a detector for detecting acceleration of the load
in the traveling direction thereof attached to the
hoisting accessory, instead of the speed signal V., of
the load in the traveling direction thereof detected by
the speed detectér attached to the hoisting accessory
according to Claim 1.
3. The method of stopping swings of a crane

according to Claim 1, wherein the positional error Egp,

of the trolley car from the optimal traveling position

(w2 -
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side thereof. In Fig. 12, 51 designates a traversing device; 56
designates rails; 58 designates a traverse trolley car; 53 designates a
hoi sting device; 54 designates a container which is a | oad; 55 designates
a controller; 60 designates a traversing rope; 59 designates wheels; 61
designates a drumfor driving the rope; 62 designates a reducer; 63
designates a traverse notor; 64 designates an el ectronagnetic brake; 65
desi gnates a $pegdodet Sorror suppressidq débegnawdngui of ctbetrdoadrs;isri
desi gnates a hoisting drum 72 designates a reducer; 73 designates a hoi st
nmotor; 74 deSpdfadadeash dsiAgonmdgnePeedbr gkgnats Fegegnabéainedspday

detector; 76 desi_gnates a hoi,sting,rope; 77
performing a calculation:

Viez = VplNyps ~ SLgfg
based on the motor speed feedback signal Ny, obtained
from the travel speed controller, a swing angle signal
6 detected by a rope swing angle detector, and a
measured value Lz of the length of the hoisting rope
obtained by the speed detector of the hoist motor,
instead of the traveling speed detection signal Veg ©of
the load in the traveling direction thereof detected by
the speed dgtector attached to the hoisting accessory
according to Claim 1. ‘

4, The method of stopping swings 6f a crane
according to any one of Claims 1, 2, and 3, wherein a
signal arbitrarily selected from among a plurality of
damping coefficient preset values according to the state
of the operation of the motor is generated through a
first-order lag element and wherein the signal is used

as the final damping coefficient preset value.

VA O O



desfgnates a hoisting portion; 80 designates a hoisting accesSofy; 81

t-hrough 89 designate guide rollers; and 90 -
designates a winding drum The description so far applies to the
met hod of controlling the traverse driving device shown in Fig. 12 if the

word "travel "

is amended to read "traverse". The contents of

di scl osure and the appended clains may be read with the

ABSTRACT

In a suspended type crane having a travel device
for driving a trolley car for traveling and a hoisting
device, an equation of condition for the damping of the
swing - of a load is derived as a function of an
operational speed command for the travel device, a
signal from a detector for detecting the speed of the
load in the traveling direction thereof, and a measured
value of the length of the rope hoisting the load, and
the traveling speed of the trolley car is controlled in
accordance with a . traveling speed command signal
corrected so that a positional error signal calculated

from a function of the positional error of the trolley

-car from the optimal position for stopping swihg

obtained from the equation of condition. Thus, the
periodic swing of the load is sufficiently suppressed to
stop the load at a desired position with high positional
accuracy and less swing.

This makes it possible to suppress the swinging
motion of the rope caused by acce;eration and
deceleration of the trolley car and to automatically
operate the crane with a high traveling speed of the

trolley car maintained.

17 -

t he



- worce -"travel" replaced by "traverse" to apply the present invention
t-o such a nmethod in the same manner as for cranes wherein a travel driving
device and a hoist driving device are nmounted on a trolley car. Fi g.
7 is aview corresponding to Fig. 11 iliyiﬁrating the prior art, which
shows the operational characteristics o troll ey car obtained using the
met hod of suppressing swing according to the present invention. It i%
apparent fromthis viewthat load swings are sufficiently suppressed
and the variable speed characteristics of the trolley car are stable

conpared to thé&lgharacteristics shown in Fig. 11 illustrating the
prior art. =
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CLAI M5 1. A method of stopping swngs of a suspended type crane
having a travel nmotor for driving a trolley car for travel, a travel drive
controller having a controlling function to control the speed of the notor
by cal culating a torque command si gnal }Lgrr] using a-speed controller
having only a proportional integrator o H#oportional gain froma signal

i ndicative of the deviation of a travel notor speed feedback signal N err]
detected by a ppegd detector on the travel notor and
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frrom a speed command signal N err] output by a speed commander of the
travel notor, a hoist notor for driving a hoisting winch provided on the
trolley car, a hoisting accessory for suspending a |load at the end of a
rope to be hoisted by the hoisting mﬁnq&k nd a drive controller for the
hoi st notor, wherein: a danping fa s gener ated upon the sw ngs
of the load by controlling the speed of the travel notor by the speed
controller of tggshravel notor in accordance wth a travel speed comand

signal N err] which has been correc; ke the positional error Eferr]
of the trolley car fromthe.optimaljotra@abi ng position where the sw ng of
the load is suppressed clloser to 0, fhe S5 .
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correction being perforned by adding to the speed command signal Nerr]
out put by the speed commander a speed correction signal Nerr] obtained
by anplifying the positional error FEerr] by a proportional integral
anplifier or proportional anplifier, the positional error
E[err] being obtained by making the fol b#\ilng calculation from the
speed V[err] of the load in the direction of its travel detected by a
speed det ector pig.5
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attached to the hoisting accessory, a set danping coefficient

[err], the travel speed command signal N err], the notor speed feedback
signal N err], and a neasured value L[err] of the length of the rope from
the hoisting drumand the | oad obtained by the hoisting speed detector:
[err] where [err] = (g/L[err])[err]; V[@gyMll represents the speed of the
trolley car corresponding to the rated speed of the travel notor; g
represents graviFt%@gé onal acceleration; and s represents a Lapl ace

oper at or. The net hod of stopping swi ngs of a crane according
to daim1, wherein the positional error F[err] of the trolley car from
the optinmal traveling position P u
S
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t hereof' for suppressing the swng of the load is calculated using a speed
signal VLE1l obtained by performng time integration on a detection signal
[err] froma detector for detecting acceleration of the load in the
traveling direction thereof attached to the hoisting accessory, instead of
t he speed signal VLE of the load in the tzaygling direction thereof
detected by the speed detector attached to the hoisting accessory
according to Caim1l. 3. The nethod of stopping sw ngs of a crane
according to Claiﬁ 7 Wherein the positional error E[err] of the trolley
car fromthe optimal  traveling position
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t héreof "for suppressing the swing of the load is «calculated using a speed
si gnal VLE2 obtajned by performng a calculation: [err] based on the
not or speed feedback signal N err] obtained fromthe travel speed
controller, a swing angle signal [err] detected by a rope swi ng angle
detector, and a neasured value L[err] of épﬁélength of the hoisting rope
obt ai ned by the speed detector of the hois tor, instead of the
traveling speed detection signal V[err] of

FIG.8 :
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the-loead in the traveling direction thereof detected by the speed detector
attached to the hoisting accessory according to Caim1l. 4. The

met hod of stopping swings of a crane according to any one of Clains 1,
2, and 3, wherein a signal arbitrarily §el ected fromanong a plurality of
danpi ng coefficient preset values accord r(g”to the state of the operation
of the notor is generated through a first-order |ag el ement and wherein
the signal is used as the final danpi ng coefficient preset val ue.
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