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ROPE STEADYI NG CONTROL METHOD

APPARATUS FOR CRANE OR THE LI KE TECHNI CAL FI ELD Thi s invention
relates to a control nethod and apparatus for suppressing the sw ng of

| @ad suspended

on a rope, for exanple a | oad suspended froma trolley

an overhead traveling crane, a container suspended froma trolley of a
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This invention relates to a control method and
apparatus for suppressing the swing of a load suspended
on a rope, for example a load suspended from a trolley
of an overhead travéling crane, a container suspended
from a trolley of a container crane or a container
carrier, or a grab bucket on a grab bucket crane or an
unloader for loading and unloading bulk material, during

travel of the grab bucket, or the like.

BACKGROUND ART

As is'commonly known, methods for suppressing the
swing of a suspended 1load during acceleration,
deceleration or steady travel can be generally divided
into mechanical steadying methods and electronic
steadying methods.

Mechanical steadyihg methods include methods for
stopping swinging by providing, for example, a guide
mast on the trolley itself, or by focusing on the
structure of a container crane or the container itself,
or by using special rope arrangements and rope tension
devices or hydraulic cylinders capable of suppressing

the swing.
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stopplng SW ngi ng by prOV|d|ng, for exanple, a guide nmast on the trolley
|tself or by focusing on the structure of a container crane or the

cont ai ner itself, or by using special rope arrangenents and rope tension
devi ces or hydraulic cylinders capable of suppressing the sw ng.

El ectroni c steadyi ng net hods include nethods wherein the steadying control
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with which swing can be eliminated at the end of
acceleration (for example the crane rope steadying
control method of Japanese Patent Publication No. Sho
45-4020).

This electronic steadying control inciudes a
closed loop type control wherein steadying is carried
out by detecting the swing angle of the suspended load
and feeding this back to the drive. system through a
suitable compensating element, and an open loop type
control wherein, on the basis of solutions of equations
of motion pertaining to thé suspended load, swing angles
and swing speeds during acceleration and deceleration

- are predicted, and acceleration and deceleration rates
and times by which steadying can be achieved are ordered
(for example the suspended type crane rope steadying
control apparatus of Unexamined Japanese Utility Model
Publication No. Sho 57-158670).

With a conventional method, as disclosed in
Japanese Patent Publiéation No. Sho 45-4020, swing angle
detecting means are fundamentally necessary. In this
method, the swing angle of the rope is mechanically
detected but, because the rope moves during hoisting and

lowering, the structure of the linkage device must



of nmotion-pertaining to the suspended |oad, swing angles and sw ng speeds
duting* accel erati on and decel eration are predicted, and accel eration and
deceleration rates and tines by which steadying can be achieved are

or-dered (for

exanpl e the suspended type crane rope steadying control

apparatus of Unexam ned Japanese Utility Mdel Publication No. Sho

57-158670) .
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has inevitably been Conplicated and™ lacking in reliability. _ To
solve this problem B¢ ¥ival thdishgpasBlem,deidfCidgid SISt @Wity NAnd1lel ght
source, a canera and an :

detecting system using a light source, a camera and an
image processing device has recently been proposed.
Although this system has no mechanical linkage
with the moving rope, deterioration due to dust is a
concern because of its optical nature. Furthermore, the
accurate alignment of the light source and camera, and
processing to compute the swing angle from an image,
incur excessive costs. Also, for reasons relating to
crane structure, the camera is generally mounted in the
vicinity of the hoisting winch of the trolley, and
requires installation space there. Also, supposing now

that the trolley acceleration is 0.5m/sec2, even

- considering the maximum swing angle, its value is quite

small, at 0.102rad, and accurate alignment of the camera
and the light source is necessary from the point of view
of swing angle detection precision. Also necessary is
accurate camera control. Thus, the detecting apparatus
is unavoidably complicated and delicate.

To solve these kinds of problems, swing angle
models and swing angle observers for estimating swing

angles by calculation from motor speed, trolley speed

~and rope length or the like, without using a swing angle

detecting apparatus, have also been studied.

the resulting design
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| mage processing device has recently been proposed. Al though this
systenahas no nechani cal |inkage wth the noving rope, deterioration due
to dust is a concern because of its optical nature. Furthernore, the
accurate alignnent of the |light source and canera, and processing to
conpute the sw ng angle froman image, incur excessive costs. Also, for
reasons rel ati
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Thus, the detecting apparatus is unavoi dably conpllcated and delicate.

To solve t hese kinds of problens, swing angle nbdels and swi ng angle
observers for estimating swing angles by calculation from notor speed,
troll ey speed DASCLOSPRE OFYIHEOINVENTIONe, W thout using a swing angle
detecting apparatus, have al so been studi ed. -3

Accordingly, an object of this invention is to
develop a load torque observer which does not
necessitate mechanical or optical swing angle detecting
means, and which is based on a completely different
principle from conventional swing angle models and
observers, thereby providing a high performance and low
cost steadying control method and apparatus.

To achieve the above-mentioned object and other
objects, the ropé steadying control method of this
invention for a crane or the like having a trolley drive
apparatus for transporting a load suspended by the crane .
rope or the like, consists of stopping the swinging of a
load suspended by a rope by calculating a swing load
signal Iy* proportional to the rope swing angle and the
load by computationally estimating a motor torque
estimate signal ¢y* not including 1load torque
fluctuations caused by rope sﬁing on the basis of gain
cbefficients, and equivalent time constants of the
control system and the drive system,'and comparing this
estimate signal ry* with an actual load torque 7y, and

negatively feeding back a signal Ny obtained by carrying

out phase lead/lag compensation on the difference



Unfortunately, because they are quite conplex, nake |large errors, and
cannot: handl e cases where there is an initial swing or outside

di sturbance, they have not achieved practical applicability. DI SCLOSURE
Ok THE | NVENTI ON Accordingly, an object of this inventionis to
devel op a | oad torque observer which does not necessitate nechanical or
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or the Iike having a trolley drive apparatus for transporting a | oad

suspended by t leomtadide Ngr.ope or the |ike, consists of stopping the sw nging
of a |oad suspended by a rope by calculating a swng |load signal I[err]*
proportional to the Adse,sva ngopeglsteady iy cbatdolbyappargtusat ofinathey
estimating a notor torque estimate signal [err]* not including | oad
torque fl uctudinvendticausiar by ¢opre sof nghenlike,baomprisiggi m trolley

driving apparatus for causing a 1load suspended by a
crane rope or the 1like Eo travel, having a torque
control for controlling a torque produced by the driving
apparatus on the basis of a speed command, a speed
control device for automatically controlling the speed
of the driving apparatus, and control devices for
controlling the speed and position of the trolley,
comprises a torque model for computationally estimating
a motor torque estimate signal, not including 1load
torque fluctuations caused by swinging of the rope, on
the basis of gain coefficients and equivalent time
constants of the control system and the drive system,la
means for converting on the basis of the output of the
torque control device of the driving apparatus into a
torque signal oy, a means for detecting a signal Iu*
corresponding to a swing load signal proportional Eo the
rope swing angle and the load by comparing the output
signal.ru* of the torque model and the torque signal =y,
a means for converting the signal 1Izy* into a swing
angle estimate signal f:*, and a phase lead/lag circuit
for negatively feeding back to a speed command Ng a

speed signal Ny produced by carrying out phase lead/lag



coefficients, and equivalent tinme constants of the control systemand the
drive system and conparing this estimate signal [err]* with an actua

| oad torque [err], and negatively feeding back a signal N err] obtained by
carrying out phase | ead/lag conmpensation on the difference

-4- between a swing angle detection estimted value [err]*
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estimating
adjusted to a value proportional to the rope length to
the power of 1/2.

Also, to protect the steadying performance from
failure due to reduction in the suspended load, the loop
gain of the steadying control is designed to increase in
inverse proportion to reduction in the load.

This invention focuses on the fact that the load
swing torque component of the tfolley load is large and.
that its size is proportional to the load swing angle,
and provides steadying control by feeding this component
back to the drive system by means of an electronic
signal processing the.driving apparatus. Because the
invention dispenses with the need for a complicated
mechanical or expensive optical swing angle detecting
apparatus and, compared to a conventional swing angle
observer, is based on the principle of obtaining the
swing 'angle by detecting a swing 1load directly
proportional to the swing angle, the invention is

essentially superior in accuracy and reliability, and

can also handle initial swing and outside disturbances.

BRIEF DESCRIPTION OF THE DRAWINGS



a notor terque estimate signal, not including |oad torque fluctuations
caused’ by swi ngi ng of the rope, on the basis of gain coefficients and
equi valent tine constants of the control systemand the drive system a
means for converting on the basis of the output of the torque control
device of the driving apparatus into a torque signal [err], a neans for

detecting a signal | Y% . chrﬁeﬁipgn%%ﬁ 0 ﬁé\gﬁgﬁggﬁﬁgigég%eprw#ifnal

to the rope sw ng angfe an e | oad by cO t put~ signa
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converting the signal I[err]* into"a swmng- angle estimate signal [err]|*,
and a phase | eagdilend j@ny.cuit for negatively feeding back to a speed
command N err] a speed signal N err] produced by carrying out phase

| ead/ | ag Fig. 2 is a view ¥llustrating @N@@A&MAié&Omodelt her

di fference between the swing angle estimate signal [err]* and a sw ng
angl e set val uswiiekr in a generhb tho%lepthod and apparatus, to protect the
st eadyi ng perfornmance fromfailure due to variations in rope length, the
| oop gain of the steBdgi.ng contaopgraph obtained by simulation of 1load
swing angle response in a construction of a preferred
embodiment of the invention.
Fig. 4 is a block diagram showing details of a
steadying control apparatus of the invention.
Fig. 5 1is a graph showing an example of a
relationship between rope length and optimum control
gain obtained by simulation.

Fig. 6 is a graph showing simulated steadying

performance of a preferred embodiment of the invention.

BEST MODE FOR CARRYING OUT THE INVENTION

The invention Qill now be described in detail with
reference to the accompanying Figs. 1 through 6 and
Table 1, illustrating a specific preferred embodiment.

Fig. 1 is a block diagram illustrating the
principle of the invention. In Fig. 1, a trolley
driving apparatus 1 comprises a torque control device 1-
1 and a motor and trolley driving system 1-2. A speed
N, which is the output of the trolley driving system 1-
2, is fed back into the input side of the torque control
device 1-1, whereby a known automatic speed control

device is made. A torque transmission coefficient 1-3



adjusted to a value proportional to the rope length to the power of 1/2.
Al'so, to protect the steadying performance from failure due to reduction
in the suspended | oad, the loop gain of the steadying control is designed
te increase in inverse proportion to reduction in the |oad. Thi s

I nvention focuses on the fact that the load sw ng torque conponent of the
trolley |oad i hat its_size is proporti the I.0ad sw ng

angle, and pr%\f 3 %ﬁggﬁly{:ﬂﬁm&%n?frbﬁlﬂ9 B ft nbe’F‘an ngaﬁerﬁw"nf%f%to
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on the pr|nC|paqgahg§@amyyt@g)Lhe smnng angl e by detecting a smnng_load
‘directly proportional to the swing angle, the invention is essentially
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and out si de di sturbances. BRI EF DESCRI PTI ON OF THE DRAW N

-6- control apparatus of the invention made up of a load
torque observer 2-1 and a steadying controller -2—2.
Reference number 3 denotes a speed commander connected
to a speed command handle for supplying a speed command
to.an acceleration regulator 4 (for example, a linear
commander), and the acceleration regulator 4 outputs a
regulated speed command Ng. Reference number 5 denotes
an element for convertihg the motor speed N into a
trolley velocity v. Reference number 6 denotes a
dynamic model of trolley swing having the trolley
velocity v as its input and outputting a trolley swing
angle 4.

Reference numerals Gi(S) to G7(S) in the blocks
each denote transmission coefficients expressing the
transmission characteristics of the respective device or
element. |

A dynamic model of swing. of a trolley can
generally be expressed as shown in Fig. 2. 1In Fig. 2,
11 is a trolley and 12 is a load.

From Fig. 2, the following relational expressions
can be obtained.

m-d2y/dt2 = m-g-T-cosd eee(1)

m-d2x/dt2 = T-cosf <+ (2)



Fig. 1 is-a block diagramshowi ng the overall construction of a specific
preferred enbodi nent of the invention. _ Fig. 2 is a view
illustrating a dynami c nodel of swing in a general trolley. Fig. 3
s a graph obtained by sinulation of load sw ng angle response in a
construction of a preferred enbodinment of the invention. Fig. 4is
a bl ock dlagran1show&n detdils of a steadying control apparatus ga t he

i nventi on. 5 I's a graph showi ng an exanpl e of a relat ship

bet ween rope Iength §nd @rhi.gygpcontrol  gain obtained by sinulatig ?
Fig. 6 is a graph showi ng sinulated steadying performnce of a p eferred
enmbodi nent of wm@rievention. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON
The invention will now be described in detail with reference to the
acconpanyi ng Figs. 1 throdghh6rasdntdbbpesitiohalséisblagemenpesefic
preferred enbodi nent. Fig. 1 is a block diagramillustrating the
' trolley from a fixed point
d2x/dt2, d2y/dt2: trolley acceleration
F: trolley acceleration force
g: acceleration due to gravity
h: length of hoisting rope
m: mass of load
M: mass of trolley
T: tension in hoisting rope
X: horizontal positional displacement of load
y: vertical positional displacement of load
from trolley
f: swing angle of load from the vertical
Substituting Exps. (3) and (4) into Exps. (1) and
(2) and rearranging, the following expressions can be

obtained:

d2g/dt2

(1/h)-((d2(d)/dt2)cosf~g-sinf-2- (dh/dt) - (d6/dt))-- - (5)
d2h/dt2

g-cosf+ (d2(d)/dt2)-sinf+h- (d6/dt)2-T/m -+ (6)
With respect to acceleration of the trolléy, the
following expression holds:
M-d2(d)/dt2 = P-T-gind ---(7)
Here, considering a case wherein the hook height

is constant, Exp. (5) becomes:



principle- of the invention. In Fig. 1, a trolley driving
apparatus 1 conprises a torque control device 1- 1 and a notor and trolley
driving system1-2. A speed N, which is the output of the trolley driving
system 1- 2, is fed back into the input side of the torque control device
1-1, whereby a known automatic speed control device is nmade. A torque

transm ssion coefficie _ : . -7

transnits a torque ari §|§Hréd§’2s % (&) °t(fo(f°st0ﬁg°§wgbi ng ot &8 oad
(hereinafter called gawanNgel.o ue, tro lying system 1-2
(as wll be further HS?%éugéeggP%?ég)Scae£8ra£gg?eregggahaé%%r 2inFig 1

denotes a steadying at88.rQn aBRAr afgls, Of:hlélhﬁwiiﬁﬁe@ri  "Reg lég‘t(}frﬁ)“%rﬂygad

t orque observer 2-1 and a steadying controller 2-2 ef erence nu

denotes a speedmadiyargied coRTeFoRe E6ndigeLelgCUMRAdeNapHbeel Ot ig
supplying a speed coonmand to an acceleration regulator 4 (for exanple, a

linear commandegprdadd thatacosPeratli.an aaduleind =4 Q)t MHé Follesilmf ed
speed command N err]. Reference nunber 5 denotes
expression is obtained:
d2g/dt2 = (1/h)-(£-g-8) +-+(9)
By Laplace transforming this, Exp. 10 is obtained:
8(s)/v(s) = (1/h)-(r28/(1l+r2s/(1+r2s2) +++(10)
Here, v(s): trolley velocity = d(d)/dt
v = (h/g)1/2
Here, newly expressing the hoisting rope length h
as L, by writing:
@ = (g/L)1/2(sec-1) -+ (11)
- Exp. (10) can be expressed as the following Exp.'(12):
8(s)/v(s) = (L/g)-{w2s/(52+w2)} -++(12)
where: L: hoisting rope length(m)
g: acceleration due to gravity = 9.8m/sec?
v: trolley velocity (m/sec)
f: swing angle (rad)
That is, G4 in Fig. 1 is given by Exp. (12).
Next, the acceleration force of the trolley
arising due to swinging will be obtained.
This acceleration force is the term T-sinf of Exp.
(7). The rope tension T of this term is the sum of a

gravitational force component and a centripetal force

due to circular motion of the load, but since the latter



an elenent for converting the notor speed Ninto a trolley velocity v.
Reference nunber 6 denotes a dynanic nodel of trolley swi ng having the
trolley velocity v as its input and outputting a trolley swing angle

[err]. Reference nunmerals Jerr](S) to Jerr](S) in the blocks each
denote transm ssion coefficients expressing the transm ssion d I
characteristic re devi ¢ r ynam ¢_node
of swing of a 'firol Isgaq'g'anéeﬁlgﬁgr&a %Xbe&'eé()prfeog J(?Eas St}’l Fl':ga 2c°

Fig. 2, 11 isjy ptrb‘illlxr@(:e@“%ol%h'es £&r %@dcomponﬁfgrom Fi g. 2 the foll OW' ng

relatlonal expressions can be obtaine rr]d[err]y/dt[err] =
ng[err] T[err]cos[errirherefore,

n{err]d[err]x/dt[err] = T[err]cos[err] - ... (2)
- 8- Tym=ghEes®] cos[ err] «ee=(13) (3)
x = d-h[err]sin[err] _ ... (4) where:

: . That is, the acceleration force fg arising due to
swinging of the load, if the swing angle is small, is
expressed:

fs = m+-g-cosf+sinf-m-g-4 ce+(14)

Therefore, the transmission coefficient of this part is:
fs(s)/6(s) = m-g »++(15)
Whefe: fs: trolley swinging acceleration force (N)
m: mass of load (Kg)

Therefore, G5 is given by the following expression
obtained by multiplying the swinging acceleration force
fs of Exp. 15 by a torque coefficient converting to the
motor shaft:

w(s)/6(s) = Ky'm-g = =-+(16)
Where: Ky: torque converting coefficient (Kg-m/N)

Tw¢ motor shaft converted swing load torque
(Kg-m)

In Fig. 1 the motor and trolley drive system
transmission coefficient G2 shown by block 1-2 is a
transmission coefficient having as an input an
acceleration torque vz which is the algebraic sum of the
motor torque 7y and [trdlley friction torque 7y + swing
load torque ry] and having as an output a motor speed,

and can be expressed by the following known expression:

N(s)/ra(s) = 375/(GD2-s) +++(17)



d: horizontal positional displacenent of trolley froma

fixed point dierr]x/dt[err], d2y/dt2: trolley acceleration
F: trolley acceleration force g: acceleration due to gravity
h:.. 1l ength of hoisting rope m mass of | oad M
mass of trolley T: tension in hoisting rope _ X:
hori zont al posi al i n f y: vertical

posi ti onal d|sg%§§§heﬁﬂsé ?&&gﬁ %p%ed Qng) fron1tro||ey

[err]: swing angle of oa(c]ria J%F rd fﬁ? Substituting Exps. (3)
and (4) into Exps. (1)Ir é%é%@i cBr/ﬁeaarr gln% Ith e foll owi ng expressions
can be obtained: - tr S By 1# 5t deirdn t
(1/h)[err]((d2(d)/dt2)cos[err] d err]5|n[err enrﬁ%é%/dt)[err](d[err]/dt)
) . (9) h/gh22 motor GD2 + motor shaft converted tro
g[err]cos[err]+(d[err](d)/dt[err])[err]5|n[err]+h[err](d[err]/dt)[err] T/ m
. (6) @Rl Kges@yct to accel eration of the trolley, the follow ng
expre55|on hol ds: Merr]dferr](d)/dt[err] = F-T[err]sin[err]
. (7) Her e, c055|&eplageaODQSthhe(edﬂdtme hook height is
constant, Exp. (5) becones:

Next, the transmission coefficient Gi of the
torque control device 1-1, for example when a vwvector
control invertor or the 1like 1is applied, can be
approximated to a first-order lag having a small lag
time constant. That is,

(8)/AN(s) = Kp/(1+Ta's) -++(18)

Where: my(s): motor torque (Kg-m)
AN: speed difference (rpm) = Ng'(s)-Ng
Kp: speed control gain (Kg-m/rpm)
Ta': equivalent torgue time constaht (sec)

Here, to clarify the usefulness of the automatic
steadying control apparatus of this invention, using the
trolley drive system transmission coefficients
established in the above description, trolley swing in a
case where the automatic steadying control apparatus of
the invention is not used will be described. Fig. 3 is
a graph obtained by excluding the steadying control
apparatus 2 from the construction of the preferred
embodiment of the invention shown in Fig. 1 and
simulating the load swing angle response in a case where

the motor is accelerated for 4.5 seconds. As shown in

the graph, even after acceleration ends there is



9. dlerr]/dt[err] =

(1/h)[err](fcos[err] glerr]sinf[err]) ... (8) Here, f:
trolley acceleration = d2(d)/dt2 Al'so, in Exp. (8), the swing angle
[err] is extrenely snall, and therefore considering a case where it is

regarded that cos[err]= 1.0 and sin[err]= [err] a?e foliorﬁn?

' ' . - rr
TPey on 'S SfefalEant residualidiingilic “ina il i ¢ g il
[err](s)/v(s) thﬁywﬁée%ﬂhﬁ&%“ﬂﬁ#ﬁdﬁ&¥3/(QHLFEE$§£er@HF %ﬁ7v?i/%gph

Here, v(s): trolley velocity =

Here, newly expigsmang sWindidigstis¢ el e:éd%‘rtﬁt hytlen 88ob1it P¥nThyt bBI'the
[err] = (g/L) 1/ 2(sec-1) it gﬁl Exp. (10) %an be exp?essed as the

follomnng Exp. sG&ppnded load 1éeféﬁﬁ5iéd(3khe operator must manually

(L/g)[err]{[err]s/(s[err]+[err])) . (12) where: L:
hoi sting.- rope kamgyhomk a steadying mgneaveeleratlon due to gravity =
9.-8m sec[err] v: trolley velocity (nifsec) [err]:

swi ng angl e (rad) However, this maneuver requires considerable skill
and, in many cases, loading and unloading efficiency
falls significantly.

Next, details of the steadying control apparatus 2
of the invention will be described with reference to
Fig. 4. |

The load torque observer 2-1 of Fig. 1 is shown in
detail in the block 2-1 of Fig. 4. The load torque
observer 2-1 is constructed to estimate a swing load by
making a torque model 2-1-2 of the kind shown for
estimating a motor torque, not including swing load
torque, and comparing this output wy* with the output oy
of the torque control device 1-1 of Fig. 1.

With a driving apparatus of which a torque command
and a produced torque are linearized, as with a vector
control. inverter drive, as mentioned above, the
transmission coefficients from the speed difference to
the motor produced torque can be approximated to a
first-order lag with an extremely small time constant.

Therefore, if the estimated value of motor torgque
not including swing load torque is written wyx*, using
Exps. (17) and (18), this value can be expressed by a

block diagram, and construction thereof like the first-



‘That- is, &4 in Fig. 1 is given by Exp. (12). Next, the acceleration
force of the trolley arising due to sw nging_will be obt ai ned. Thi s
acceleration force is the termT[err]sin[err]fQf F £ JNE€ T OpE
tension T of this termis the sumof a gravij confjonent and a

centripetal force due to circular notion oft ! Lhe | atter
- 10 - smal Qnpar.e o] Steran-cgin, b
appr oxi mat ed tgrpﬁgf ﬁ%eFi8§ﬁﬁ ngnﬂ & %atq%gnggpg mod _ 7 of
T= n[err]g[err]@qg[err] ' .=(13) That is, the
accel eration force frerr] arising due to smﬁnging of the load, if the
swing angle is smallphhg 18XPressed: flerr] = nferr]glerr]cos[err]
sinferr]-nferr]glerr] .(14) Therefore, the transm ssion coefficient
of this part is: mi@éq)/[£rr]kés)(s=),mgp/(1+-pa s)(15)1 _Wkel‘ﬁé)f)s.'
trolley swi nging acceleration force (N)

Te(s)x(Ge'(s)) -+ (19)

Where: Tm': compensated mechanical time constant (sec)
= (Ta'+Tm)/(1l+Kp)

Tms meéhanical time constant (sec) ='GD2/375

T¢: trolley friction torque (Kg-m)

Ge'(S): = 1/(1+Tn's)(1+Ta's)

The motor torque estimate value wy* can be
converted into a torque current estimated wvalue Iz* by
multiplying it by the reciprocal of the torque constant
Kp, denoted by 2-1-3.

Similarly, the output =y of the torque controi
device 1- 1 in the trolley driving apparatus of Fig. 1
also can be converted to an actual torque current Izs by
multiplying it by the reciprocal of Krg.

Therefore, an estimate value Izy* of swing load
current, as shown in 2-1 of Fig. 4, is expressed:

- Iow* = I2-I2* = (1/Kr)(tu—u*) <++(20)

Where: Kg: torque constant (A/Kg-m)
Iy*: estimated value of swing load current (A)
I2: actual torque current (A) |

In this way it is possible to detect a swing load
current proportional to the swing angle of the suspended
load and to the suspended load without using mechanical

or optical swing angle detecting means. .
_—
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m mass of | oad (Kg) Therefore, Go is given by the follow ng
expressi on obtained by multiplying the sw nging acceleration force fs of
Exp. 15 by a torque coefficient converting to the notor shaft:
Jerr](s)/[err](s) = KMerr]merr]g = ...(16) \ere: Kw
torque converting coefficient (Kg[err]m N) [err]w. notor shaft

converted swi ng | oad Uethd K dvi 2 Lige opﬂyngJéﬂley
drive system transnyggﬁgne%d%f%F%%exgnaé %i%ﬁm %§e%lock g?é i i
transm ssi on cgafifll Hec@kskaribed.as an i nput an acceleration torque ra
which is the algebraic sumof the notor torque [err]Mand (trolley

friction torque [errirhe dlictk 2-<mdihOFye UergHdwsANthe2qbt9ids ¥F AHPOUL a
not or speed, and can be expressed by the foll owi ng known expression:

N(s)/[err](s) bleck @S @f |tHe preferred embddiMent in Fig.Wier eand\(im :
not or speed (rpm ra: acceleration torque (Kg[err]m
[err]: troll ey thiiscthloock o2t2ethEg[rafidugnce numeraliDRelr]l: iwtar seimyr] +
nmotor shaft converted trolley _
: angle setter, 2-2- 2 a swing angle error amplifier, 2-2-
3 a phase lead/lag compensator and 2-2-4 a [swing angle
/ swing current] convertor.

The swing éngle of the suspended load is detected
as the swing current.estimated value Igy*, multiplied by
the coefficient Kp and thereby converted into a swing
angle'detection estimated value 6&;*. f1* is compared
with a set value fg of the swing angle setter 2-2-1 and
the error Af therebetween is multiplied by Kgp and
passed through the phase lead/lag compénsator 2-2-3 and
becomes a feedback signal Ny of a steadying control
circuit outside the trolley automatic speed control
circuit.

That is, the actual trolley speed command is the
difference Ng' between the output Ng of the acceleration
regulator 4 of Fig. 1 and the above-mentioned feedback
signal Ny.

Therefore, if the set value of the swing angle
setter is set to zero and Kin, Kp, Tpi, Tpz are suitably
set, control making the swing angle detection estimated
value 6:* zero, i.e. steadying control, is possible.

In this case, as a stabilizing means for this

- system, it is possible to apply a known analysis method



GD2(Kg.nferr]) s: Lapl ace operator (=d/dt) Next, the
trahsm ssion coefficient Jerr] of the torque control device 1-1, for
exanpl e when a vector control invertor or the like is applied, can be
approximated to a first-order lag having a small lag tine constant. That
IS, [err](s)/[err]N(s) = Kp/(1+Ta's) ...(18) \here:

Surb 912 ™ Chah18° A8 G0 o el ot g s
b [ . ' He larify th
oL L b S BB EB R Eh oo B TaF T e o
' h | dii ASOh SSi f .Gl bl sh '
RS gLt o, SRR L O BB LT gD

st eadyi ng cont kil apRSE} Sy Ofcorith® 1l ”éﬁEhEQEuFS A&sct Eé’dwésd%/\fkﬁg with

described. -Fig. 3 1s & graph obtaine y excluding the stea control
apparatus 2 freefekeneently wehi.on 95 thaipr éBﬁF:édi epbefieRi¥mpindafted
oa

i nvention shown in Fig. 1 and sinulating the sSWi ng angl e response in
a case where meehantieali stimes! esmdieaht oy, 4, 5GgeCWHIs. be AppHoximated t he
graph, even after acceleration ends there is
to a linear expression and the actual system can be
simplified.

The above is a detailed description in theory of
the invention based on a preferred embodiment.

However, in practicing the invention, it is
necessary to solve the following three problems:

The first problem is that of £finding a
relationship between steadying control gain and rope
length for obtaining good steadying perforﬁance even
when the rope length changes.

The second problem is that of finding a
coﬁntermeasure to steadying control loop gain failure
and to the control performance consequently
deteriorating when the suspended'load decreases.

The third problem, in connection with the 1load
observer being directed by comparing a motor torque
model not including swing load and an actual torque
current, is related to performance deterioration
occurring when there is an error bet&een the model and
the actual machine.

The first problem arises from the fact that the

value of w in Exp. (12) varies with the rope length.



- 12 - . significant residual swnging, and it can be seen that
this is al nost undanped. Therefore, when travel with mniml swinging is
requi red or when positioning of the suspended load is required, the
operator must manually carry out a steadyi ng nmaneuver. However,

t hi s maneuver requires considerable skill and, in many cases | oadi ng and

d f
ot eadyi ng cont %‘ﬁ"%@ﬁﬁt S ENY denqen ROt oSt I Of i
"reference to Erdm m tﬁg bl(l Thg) Ig_)?d _t_groqggcopserlvq{se%_]l of F h94s %seriler

shown in det a|I The' orque

2-1 is construgld mee%wf&r&eél%wleg rlo%d o EEF?k' NGL2 P Eﬁsﬂgs
2-1-2 of the kind shown for estimating a orque, i ncl udi ng

swing |load torgee, r&bEOEFRI bEJ tHd sSqua:péltrbsfrb’f V\tﬁéﬂ rBpeoutaniti err]

of the torque control device 1-1 of Fig. 1. a driving apparatus

of which a tor shencdnss su.ﬁppbsaacbrmfatceqxt{@f,qhesabeehl gear itzedbtinMd h a

vector good response at a rope length of 4.9m, with a rope
length of 9.8m this valué must be made approximately
_\/Zx and with a rope length of 19.8m it must be made
2%,

Fig. 5 is an example of a relationship between
rope length and optimum control gain obtained by
simulation. In Fig. 5, Kp is kept constant and the
optimum values of Kth are shown. From the graph it can
be seen that this value is substantially proportional to
the rope length to the power of 1/2.

Thus, this problem can be solved and good
steadying performénce can be ensured by adjusting the
control gain in accordance to the rope length.

The second problem arises from the fact that, when
the suspended load is small, I2W* is correspondingly
small, and as a result the same signal as when the éwing
angle has decreased is fed to the steadying control
system.

However, a load 1lifted in a hoisting operation
does not normally change during travel. That is, by
measuring the size of the load during the hoisting
dperation it is possible to compensate with Kp.

Considering the stability of the overall system, Kp must



control inverter drive, as nentioned above, the transm ssion coefficients
from the speed difference to the notor produced torque can be approxi mated
toa first-order lag with an extrenely small tinme constant. _
Therefore, if the estimated value of motor torque not including swng |oad
torque is witten [err]*, using Exps. (17) and (18), thls value can be

expressed by a;.hl onstr CtIO t her eof the first-

- ES - Y 1n12:r%%§er ﬁagmeﬁg%t 5§°§9£ aRa B'ﬁ’ k\'[e'b? qﬂ ?n ip ¥

Fig. 4. IS, [err]* (S) =Ns "( s) x Kp/ ( 1+Ta ' s) ]
[err] (1 -& " (%)) Tt(s)x(({err] (s)) REE (19) \here:
Tm : conpensat ed mecRawi,Cah the® redhIRYE (@?fg iﬁvérﬁﬁsﬁl ag[ %hb}v}a/(%“(p)

T[err]: nmechanical tine constant (sec) = trolley
friction torqueigkglder HeBause theTﬁroéﬁQé&]t6§hue—of an actual motor

1/ (1+T[err]'s)(1+T[err]"'s) e notor torque estinmate value [err]*
can be is used to make a swing load observation, there is the
| restriction that the addition of this steadying control
loop must-not cause the torque inside the speed control
apparatus or the current cohtrol minor 1loop to
6sci11ate.
To solve this problem, it is possible to obtain by
calculation a necessary lag compensating time constant
TD2 and a lead time constant Tp; with respect to loop
gain using a known Bode diagram. In this preferred
embodiment, by Bode diagram analysis énd by calculating
change in motor load accompanying variation in the
suspended load, optimum gains in steadying were obtained
and confirm by simulation.
Table 1 shows calculation examples for this kind

of constant in the preferred embodiment.



converted.into a torque current esti mated val ue I[[err]* by multiplying it

by the recipr
Simlarly,

ocal

the output [err]

trolley driving apparatus of Fig.

torque curren
Ther ef or e,
2-1 of Fig. 4
(1/Klerr]) ([
[[err]*: esti
actual torque
| oad current
I[err] is an
current and t
proportional
t he esti mat ed
| oad current

t I[err]

an estimate value I[err]* of

, 1S expressed:

of the torque constant . K[err],
of the torque control

oad

by multiplying it by the reciprocal
i ng, | current,
']I‘Ts%\jr?]gl = I[err]-I[err]*

denoted by 2-1-3.
device 1- 1 in the
1 also can be converted to an act ual

of Klerr].

as shown in

er p—ferriiy—rr—iBoy——ipfrett—icrt-or 1]
Sbp¥ brdfin Of| swi ng | oadpRUET &Nt | (A) steadying Gain Cohdt&it! | -
urrent (A 3 %Lé@c%n ngﬁrln(e)ad —— curren':_le?gj
adt udl tlor que |cur FEiRt and PRFEsent10% usA%T | t25% syilRg% pad
he l{odd |csec@rjt . Additi ¢nal ITp, th¢ adng lbadd| alogd e| i ®ad
tg-avallue of Iswing anglie and a magnitude of the |oad. Sihce
al.segqf 1he [swi ngs | oadl cupsent | so.skar | ueehedy saht facti np a
egHreatgad—ral-de—+rem-t-he—act-dal—prque—pu+eni—on—-t-he—bas] s
1.0xg | 1.0 1.5 0.5 0.5 0.955 1.755 | 3.02
20xg | 0.707 1.5 0.707 0.707 1.35 2,482 | 4.26
3.0xg | 0.577 1.5 0.866 0.866 1.65 3.04 5.22
40xg | 0.5 1.5 1.0 1.0 1.91 3.51 6.03

In this way, it is possible to set optimum Tpz and

Kih with respect to variations in the rope length and

the suspended load.

The third problem' is unlikely to constitute a

problem in practice because constants such as control

gains design values of the machine can be applied,

because for time constants it is possible to measure

actual values before actual operation, and because they

can

trials.

also be

If necessary,

technique can also be used.

ascertained by no-load operation

test

a known constant auto-tuning

A matter that should be considered is wvariation in

the set value T¢ of the friction torque,

but in this

case auto-tuning on the basis of no-load trials is also

poSsible.

error after steadying ends,

steadying performance.

normally,

This setting error becomes a speed command

Also,

but does not affect the

in positioning control,

because the position control loop is placed

19
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equation (20),

optical sw ng
In this way it
the swi ng angl
usi ng mechani c
1l4a

the estimated value of swing |oad current is proportional
t he’ val ue of swing angle and the magnitude of the |oad, as wel |. Nanely,
t he anobunt of swing can be detected fromthe |oad current without using an

angl e detecting device or a swing angle observer, etc.
IS possible to detect a swing load current proportional

to

eﬁuq:f tA’le %gtﬁagg%lg dlogn to the S“Stgireé]rged I%%d V\AthOéJt

command, caused by a setting error of this €friction
torque setting, does not become a positioning error.

Fig. 6 shows the steadying performance of this
preferred embodiment of the invention obtained by
simulation.

From Fig. 6 it can be seen that swinging of the
suspended load is almost eliminated on completion of
acceleration and deceleration. Also, comparing this
with the characteristics of Fig. 3, it can be seen that,
compared to a case where the steadying control of the
invention is not used,.the maximum swing angle during
acceleration 1is also suppressed to about 52%
(L.15/2.2=0.523). |

Because this invention dispenses with the need for
a complicated mechanical or expensive optical swing
angle detecting apparatus and, compared to a
conventional swing angle observer, is based on the
principle of obtaining the swing angle by detecting a
swing load directly proportional te the swing angle, the
invention 1is essentially superior in accuracy and

reliability and also can handle initial swing and

outside disturbances. Therefore, it 1is possible to

provide a cheap and high performance steadying control

apparatus.

INDUSTRIAL APPLICABILITY

to



Next, the-steadying controller of the invention wll be described.

The block 2-2 in Fig. 4 shows the details of the block 2-2 of the
preferred enbodinent in Fig. 1, and in this block 2-2 the reference
nuneral 2-2-1 is a swing angle setter, 2-2- 2 a swing angle error
anplifier, 2-2- 3 a phase |ead/|lag conpensator and 2-2-4 a [swing angle /

SW ng current] conve - s ~Lh W e spended | oad.is
detected as the smﬁ?éq%uﬁpgﬁptég}i§h§ééﬂgég%%élf§%r%ﬂg %&ﬂ%ﬁ%lﬁi?qnpfthe
coefficient Kl ekihn t lgreRy C edgEnt 4 N éﬁﬁﬂ et j 0

esti mated val ue [erg;ai?%. %[ e?p]*e?éeg%rrpgirsedg \;a\}? agss%t va u&g [%ﬁﬁ g% t he
swi ng angl e settir@yll2y2-df aas ovBeheaBOt daidlli ides ekt WReN e Mikkieh! igd by
Kth and passed through the phase |ead/lag conpensator 2-2-3 and becones a
f eedback si gnalcoterinerosuspendadyiftoncenNttM1lley réfi b evntiadeerhatdmd | ey
automati c speed control circuit. That is, the actual trolley speed
command i s theordi &f ecariinex Catnben, t lor oat pytab dudkeld blfie a grab
acceleration regulator 4 of Fig. 1 and the above-nentioned feedback

signal N err].bucket Terane ops, ynlaadescorvdhes bikehdww hgadinge ambtter

is set to zero and Klerr], Klerr], Tl[err], T[err] are suitab
unload&ng Lulk[matLriaE. ] : ] Y



set, control making th ing angl e detection estimated value [err]* zero,

i.e. steadying control, E“ In this.case, as a stabilizing
means for this system ﬂ“ﬂfmn I“)“m“l“ apply a/ B sralysi s met hod
15 - usi ng a Bode #i agr &m ffor *exanpl e, (=i,

Tlerr], Tl[err] obtaining a predeternined response

Because the equivalent torque tine constant Ta' in t Feagyl. N0 CmAtroI
appar at us descri bed above\Mtrl referefd®MP Fig. 4 is snall conpa

2ppr oxi mat ed o & Kinodr TORST AESAGY LR SORETRY MANSYL feln ol e o
sinplified. TQ( qgo‘}/enl S aﬁg(g%f%% grggiﬁrl Qhé% tgst t}%cy'y ‘{Siﬁ(ge :

i nvention base ep e 9 & in pra I'cing the
The first pro Zﬁ?@cﬁﬁéﬁéﬁ?é?i 3 L8Be Rn W Bahd B0 DD TTRs ke

control gain aihyedPe whergi éﬁn@mgal BENG a0k Sieaskhdsa PBYf & NEgsE even

is stopped by calculating a swing load signal Igy*

proportional to the rope swing angle and the 1load by
computationally estimating a motor torque estimate
signal my* not including load torque fluctuations caused
by swinging of the rope on the basis of gain
coefficients and equivalent time constants of the
control system and the drive system, énd then comparing.
this estimated signal wy* with an actual load torque wy
and negatively feeding back to a trolley speed command
Ng of the trolley driving apparatus a signal Ny produced
by carrying out phase 1lead/lag compensation on the
difference between é swing angle detection estimated
value 81* propbrtional to this swing load signal and a
swing angle set value fg.

2. A rope steadying control method for é crane oOr
the like according to claim 1, wherein the loop gain of
the steadying coﬁtrol is adjusted to a value
proportional to the rope length to the power of 1/2.

3. A rope steadying control method for a craﬁe or
the like according to claim 1 or claim 2, wherein the
loop gain of the steadying control is increased in

inverse proportion to reduction in the load.

This Sheet Has Been Replaced
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when the rope | ength changes. The second problemis that of finding a
count er neasure to steadying control ,mmwllﬂlmuum and to the control
per f or mance consequently deteriorati nded | oad decreases.
The third problem in connection with the | dad" obset ver bei ng directed by

conparing.a notor torque nodel not including swng |oad and an actual
ufornan e .deteriorati Qccurring

o vl e o it EATkEEe bReaREihe’ HRACEon SpBRr AR, 2, & S I,
first prOble”]GE'%ﬁﬁ1Tf¥2téﬁhﬁffglﬁ€aﬁ %&%1r6ylﬁkfﬁlié*é£p59a569 (@2

varies wth the rope le

exanpl e, when gRe EQQth?thﬂoha 4dsB8h gds?& 4 2 he Cﬁ;%&Qne(%&)ﬂﬂg

is 0.707sec[err], 1.0sec[err], 1.414%e err racteristic root

of Exp. (12) Cmiﬁﬁe%owttbvelhehéeﬁh rQCGbr?ﬁetBSnigéirﬁe%Q%E QfL-hhe gfpe
| ength. When it is supposed that Klerr]xK[err] has been set to obtain a

good response eabnérblpéngergriuel ptoliiced By atli®pP8riving apparatus on

For

the basis of a speed command and a speed control device
(1-2) for automatically controlling the speed of the
driving apparatus, and control devices (5), (6)  for
controlling the speed and position of the trolley, said
rope steadying control apparatus further comprising: a
torque model (2-1-2) for computationally estimating a
motor torque estimate signal not including locad torque
fluctuations caused by swinging of the rope on the basis
of gain coeffiéients.and equivalent time constants of
the control system and the drive system; meaﬁs (2-1) for
converting the output of the torque control device (1-1)
of the driving apparétus into a torque signal ry; means
(2-2) for detecting a signal 1Izy* corresponding to a
swing load signal proportional to the rope swing angle
and the load by comparing the output signal wy* of the
torque model (2-1-2) and the torque signal ry; means (2-
2-4) for converting the signal Igoy* into a swing angle
estimate signal §;*; and a phase lead/lag circuit (2-2-
3) for negatively feeding back to a speed command NS a
signal 'Nw produced by carrying  out phase lead/lag
compensation on the difference between the swing angle

estimate signal #1* and a swing angle set value dg.



| ength of - 9.8mthis value nust be nade apprm]?rand with a

rope l'ength of 19.8mit nust be nade 2x. ruuum"m,"uﬁ [ exanpl e of a
rel ationship between rope |ength and opti nmum3 I ',lmﬂpal ned by _
sinulation. In Fig. 5, Kerr] is kept constant antl the s opti mum val ues of

Kth are shown. Fromthe graph it can be seen that this value is

substantially proportional to the rope length to the power of 1/2.
Thus, this probl em cén b® IOPEc8t8AdYdHTd CORLEQLy APPATALIS FRcd AR

db dj usti t trol in,i d to. th | engt h.
sneured by a0 uot 11 N0y aP oLl ol n L spepLdgnocelo ile rote ath,
[, 12W i di ngl [ 1 [t_t i I
ST 2t RSB Jel SO eneoB AgLERULbe ! pg T Sl Al S
SIS ang S, 8 Sbid AN 00 Y AR atastdl

| oad during thgh@ipwer}gofoggf I'ti on it is possible to conpensate w'th
[

Klerr]. Considering the sta ity of the overall system KD mnust

- 17 6. A rope steadying control apparatus for a crane
or the 1like according to claim 4 or claim 5, €further
comprising means for increasing the loop gain of the
steadying control in inverse proportion to reduction in

the load.



I ncrease in inverse proportion to the reduction in the | oad. Now,
inthe nethod of this invention, as shown in Fig. 4, because the produced
torque of an actual notor is used to make a swing | oad observation, there
is the restriction that the addition of this steadying control |oop nust
not cause the torque inside the speed control apparatus or the current
control mnor loop to oscillate. To solve this problem it is
possible to obtain by calculation a n | ag conpensating tine

TD2 d l.ead . ti t TDL with t to | i [
2 known Bode i agr anPh EWAGH e BRES: AAVEBRIGH et 0 b BUIRSA g AN

onal Vet 20 Do A Cend 94" s EoLnk0A 26 REBSAYIRY "Alnaldpr T

the suspended I mum gains i n st eadying irm

D154 T, gagpoe, TAAC bt ok i, HABBLERCA! ) stk
- swing angle detecting means are not necessary.

The invention provides a rope steadying control
method for a crane or the like having a trolley driving
apparatus for causing a load suspended By a rope of a
crane or the like to travel, wherein swinging of a load
suspended by a rope is stopped by calculating a swing
load signal Igy* proportional to the rope swing éngle
and the 1load -by computationally estimating a motor
torque estimate signal wy* not including load torque
fluctuations caused by swinging of the rope on the basis
of gain coefficients and equivalent time constants of
the control system and the drive system, and comparing
this estimate signal 7y* with an actual load torque =y
and negatively feeding back to a trolley speed command
Ng of the trolley driving apparatus (1) a speed signal
Ny produced by carrying out phase lead/lag compensation
on the difference between a swing angle detection
estimated value §81* prbportional to this swing load

signal and a swing angle set value fg.



- 18 - \ Table 1 Rope Length

Phase Lag St eadyi ng Gai n Const ant Detection Tine L
[err] Gai n Constant 100% 50% 25% 12.5% (m (sec[err])
Terr] . |l oad load load |oad 0.5xg 1.414 1.5 0. 353 0. 364
0.676 1.243 2.13 1.0xg 1.0 1.51/6 0.5 0.5 0.955 1.755
3.02 2.0 x g 0.707 1.5 0. 707 0-707 1.35 2.482 4.26

3.0xg 0.577 1.5 0. 866 0.866 1.65 3.04 5.22 4.0xg 0.5

1.5 1.0 1.0 1.91 3.51 6.03 In this way, it is possible
to set optimum T[err] and Kth with respect to variations in the rope

| ength and the suspended | oad. The third problemis unlikely to

constitute a
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problemin practice because constants such as control gains design val ues
of "t he nmachi ne can be applied, because for time constants it is possible
to measure actual val ues before actual operation, and because they can
also be ascertained by no-load operation test trials. | f

necessary, a known constant auto-tuniE?, techni que can al so be used.

A matter that should be considered is var é%ion in the set value Tf of the
friction torque, but in this case auto-tuning on the basis of no-Ioad

trials is also possible. This setting error becones a speed conmand
error after steadying ends, but does not affect the steadying performance.
Al'so, in positioning control, nornally, because the position control | oop
is placed - 19 - out si de the speed

control loop, variation in the speed conmmand, caused by a setting error of
this friction torque setting, does not becone a positioning error.

Fig. 6 shows the steadying perfornmance of this preferred enbodi nent of the
i nventi on obtained by '

FIG. 2




si mul ati on.

susSpended | oad is al nost elimnated on conpl etion of

decel erati on.

FromFig. 6 it can be seen that sw nging of the

Al so,

it can be seen that,

conpari ng

this

invention i s not used,

suppressed to about 52%

di spenses with the need for
swing angle detecting apparatus and,

angl e observer,
detecting a

i s based

t he maxi mum swi ng

gl
(1. 15/ 2. 2=0. 523)3?‘)8

on the

swing load directly proportional

a conplicated nechanica
conpared to a
princi ple of obtaining the sw ng angle by

conpared to a case where the steadying contro

accel eration and
with the characteristics of Fig. 3,

of the

e during acceleration is also
Because this invention

conventi onal

to the swing angl e,

SW

t he

or expensive opti cal

ng

reliability and al so can

invention is essentially superior in accuracy and

handl e initial swing and outside disturbances. Therefore, it is
possible to provide a cheap and high performance steadying control
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- 21 - CLAI V5 1. A rope steadying
control nethod for a crane or the like having a trolley driving apparatus
for causing a |oad suspended by a rope of a crane or the like to travel,
wherein sw nging of a | oad suspended by a rope is suppressed by
calculating a swing load signal I[err]* égp portional to the rope sw ng
angle and the load by conputationally estihating a notor torque estimate
signal [err]* not including |load torque fluctuations caused by sw nging of
the rope on the basis of gain (Kp) and tinme constant (Tm which are

determ ned by kind of notors or cranes control systemand the drive
system and then conparing this estimated signal a* with an actual | oad
torque [err] '

FIG. 5
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and negatively feeding back to a trolley speed conmand Nerr] of the
trdlley driving apparatus a signal N err] produced by carrying out phase
| ead/ | ag conpensation on the difference between a swi ng angle detection
estimated value [err]* proportional to this swing |oad signal and a sw ng
angl e set value [err]. 2. A rope s%ﬁggying control nethod for a crane
or the like according to claim1l1, wherei he | oop gain of the steadying
control is adjusted to a value proportional to the rope length to the
power of 1/2. 3. A rope steadying-control nethod for a crane or the
| i ke according to claiml1l or claim2, wherein the |oop gain of the
steadying control is increased in inverse proportion to reduction in the

| oad. - 22 - 4. A rope
steadying control apparatus for a crane or the like conprising a trolley
driving apparatus (1) for causing a |oad suspended by a rope of a crane or

the like to travel, having a torque control dqvice (1-1) for
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control | ing torque produced by the drty ANTENY o the basi %ot*'a *-%
speed command and a speed control dews¥ ] utbmatical |y yeos
controlling the speed of the driving bt T. A ),
(6) for controlling the speed and posi tii e&lfa é&ﬁ&b@??&'ﬁ

st eadyi ng control apparatus further ca gve nodel (2-1-2)
for conputationally estimating a noto i.gnal not

i ncl uding | an%é){ q?!g fd \iidial | PO L adsge ¢ e2rApR aft he
basis of gain coef |gi ents and equivale the control
system and thﬁ@l.riayg system neans (2-1) for converting the output of the
torque control device (1-1) of the driving apparatus into a torque signal
[err]; neans (2-2)THa¢ ikefecting a signal I[err]* corresponding to a

swi ng | oad signal proportional to the rope sw ng angl e . and the |oad by
conparing the output w*gis) [ err]¥s bl st Kp 4l duL abadl] (211759 ' hAd ke
torque signal [err]; nmeans (2- 2-4) for converting_the signal I[err]* into
a swing angl Ee@yfiRa'e(signal [err]*; and a phase{}ddd/lag circuit (2-2-

3) for negatively feeding back to a speed comm a i | N[
produced by CH¢5fhg Ot =pﬁ£§@%"é§&ﬁ d“e%e?%nﬂt Plgﬂeoﬁ?’tr%ggﬁér\lf gér%%\lte
F:F\r/viafan t he S P,gaa‘p,g"l')e/(f&&)nate s[gggl _[err] and a swi ng angl e set val ue

Tm: mechanical time constant (sec) = GD2/375
Te: trolley friction torgque (Kg-m)
Gs'(S): = 1/(1+Tn's)(1+Ta's)

The motor torque estimate value ™* can be
converted into a torque current estimated value Iz* by
multiplying it by the reciprocal of the torgque constaﬁt
Kep, deﬁoted by 2-1-3.

Similarly, the output =y of the torque control
device 1- 1 in the troliey driving apparatus of Fig. 1
'also can be converted to an acktual torque current Izs by
multiplying it by the reciprocal of Kr.

Therefore, an estimate wvalue Izy* of swing load
current, as shown in 2-1 of Fig. 4, is expressed:

- Igw* = Iz~I2* = (1/Kr) (o) ++-(20)

Where: Kp: torque constant (A/Kg-m)
Iow*: estimated value of swing load current (A)

Iz: actual torque current (A) = sum of swing load -
current and load current




5.~ A rope
cl aim4,
st eadyi ng
of 1/2.

| i ke acco
i ncreasin
reducti on

steadying control apparatus for a cra PLACEMENT ﬁ.ﬂEE‘E ording to

further conprising neans for adjustin
control to a value proportional tQ the
6. A rope steadying control appPdps
rding to claim4 or claimb5, further
g the loop gain of the steadying contfol in inverse proportion to

N #OR, 1PA%N actual torque current and represents a sum of the swing load
current and the load current. Additionally, the swing load angle is
proportional to a value of swing angle and a magnitude of the load. Since
the estimated value of the swing load current is derived by subtracting a
load current estimated value from the actual torque current on the basis of
equation (20), the estimated value of swing load current is proporticnal to
the value of swing angle and the magnitude of the load, as well. Namely,
the amount of swing can be detected from the load current without using an
optical swing angle detecting device or a swing angle observer, etc.

In this way it is possible to detect a swing load
current proportional to the swing angle of the suspended
load and to the suspended load without using mechanical

or optical swing angle detecting means.

1l4a
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CLAIMS

1. A rope steadying control mdthod for a crane pr

the like having a trolley driving apparaﬁﬁs for causing

a load suspended by a rope of a crane or the like to

travel, wherein swinging of a load suspended by a rope
suppressed

is stopped by calculating a swing load signal Igy*

proportional to the rope swing angle and the load by

computationally estimating a motor torque estimate

signal zy* not including load torque fluctuations caused

by swinging of the rope on the basis of gain
(Kp) and time constant (Tm) which are determined by kind of motors

soefficiente- and—eguivalent—time —constants—of-—the

or cranes

control—system-and -the-drive—system, and then comparing

this estimated signal wy* with an actual load torque =y

and hegatively feeding back to a trolley speed command
Ns of the trolley driving apparatus a signal Ny produced
by carrying out. phase lead/lag compensation on the
difference between a swing angle detection estimated
value {&3* proportional to this swing load signal and a
swing angle set value fs.

2. A rope steadying control method for a crane or
the like according to claim 1, wherein the loop gain of
the steadying control is adjusted to a value
proportional to the rope length to the power of 1/2.

3. A rope steadying control method for a crane or
the like according to claim 1 or claim 2, wherein the
loop gain of the steadying control is increased in

inverse proportion to reduction in the load.



