1 SUSPENDED LOAD STEADYING?CCNTROL DEVICE  BACKGROUND OF THE

I"NVENTI ON This invention relates to a suspended | oad steadying
(i.e., swing stopping) control device for perform ng control for steadying
of a suspended |load in a crane. A conventional suspended | oad

steadying control device will be deggribed by reference to Fig. 5, a view
showi ng an overall structure, Fig. 6, a block diagramof the control
device, and Fig. 7 showing control characteristics. As shown in Fig.
5, a troll eyethdd £ purbfisiatoon lodi Tsudibledeombei sdhpgvihinguaed.i on of a troll ey
drive device 015. Fromthe fg&rdyr Y riie e dkygngs down, and the
trolley 011 transports a suspended Toad 014 by attaching the suspended | oad
014 to the front.end phishénvepeidd pertains thea teHoRy oFlgukrs fiingher
provided with a trolley displacenent detector 021 for detecting a trolley
posi tion, xibuprtfehtegmppiseingatenttivicn)oductdaigtiirag. a Threohkeshodpeed,
x2, and a swing notion detector 023 for detecting a sw ng displacenent, x3,
and a swi ngeSpeugifigation 1is bpfed\phgCREErahlderEdenr o623 buprefent ect or
“of the type _which photographs a _marker attached to the suspended | oad 014
by means of £5°R4 ¥§%Réhﬁ GPIIRNY §§e0§259€Y?F¥a???gdﬁﬁﬂﬁhP6§, and

i mage processesrag iqg elfégen,ithqgﬁgyiggtec%ing bﬂe sming di spl.acenent x3
and sw ng stBB 3:24 P ﬁ%e ProtTey Ras i Gentdadut y%ﬁﬁﬁﬁf%&L
swi ng di spl Bffﬁﬁﬁeh ﬁi%xﬁﬁ?eé%ﬁ‘ﬂ:zg%%%8&41:@9}8&86%36%nﬁg&téﬂﬁa&%@z{ ol

devi ce 026. e control device O perforns a positi optinmumcontro

conput ati ongg-ba -BengasechPpdnl abevefll by nmeans of a built-in optinmum
control portion 032 (see Fig. 6), and produces a speed command, u. Under

this speed command u, Theemethbd eyt dihie/dmmritder) ihciladdsi aen éastrmme t he

2 trolley 012. Wien an automatic run is to be perfornmed in such a
crane, it istepcdssarhichy theoippanitycearpdexf dn Fosfirsthi ihpntefenrspended
| oad 014 exactly at a target pagsition as .instructed. The crane_ can be

nodel ed as SOBBFL&IHEN r& dfedeshaPikized 19 Rrafem Wichfel eird t hat
t-he positioping of the.suspende ad.can _be reglized by drivi the
ol Poy: acoBYaPRESESH42ata0R BonEPe) LBUBRREG: Fraf oatrapdraotutitn y \
ref erénce t i g5. d d op} L.ogm f wil |
be descri be%.rF Tﬁ‘lﬁ'sx 1"(?'1()1?1@{1 ro m?g}lpe?%gr rr%tp byPiéir'léwopt ?ﬁﬁ%?ggﬁﬁrﬁ%%%
(opti mum r egijhduele), OdBebbd CONE I Glmplavi e d) 2 {rnsltine hwealeC UpAE@Sod 4By anount
of operation (speed command, u, for the trolley in this enbodinent) 1n
accor dance wiohnplielxed ctdrowthgncbet nEmaudd: fiomethe BEhmperodenn Hyl)fhe
[err] where x represents a state anount vector to be described bel ow,
whose respecavetadildimatiioraaf ibypsofen frow easgdvemt.from left.to right,
a trolley position xlI, a trolley speed x2, a swi ng displacenent x3 and a
SW ng speed gﬁiﬁpféhf)suspended | oad. That is, the follow ng Nuneric

ol ds.

Expression ( [err] Further, K represents a gain
vector with 4 colums indicated in Nuneric Expression (3). [err]
3 The above gain vector Kis an optinmumgain determ ned by the
fol |l owi ng procedure: (a) From noti on equations forrulated for the

troll ey- pendul um system noti on nodel shown in Fig. 5 a state equation
Nunmeric Expression (4), is derived. This state equation is a |inear -
differential equation expressing the vibrations of the suspended | oad 014
as a spring-nmass system An explanation for the state equation, including
the way of deriving it, is omtted here. . [err] where u and x represent
t he af orenenti oned anobunt of operation and state anount vector,
respectively, A represents a transition matrix with 4 rows and 4 col ums,
and B represents a drive matrix with 4 rows and 1 col um. (b) For
t he above state equation, Numeric Expression (4), the optinmumgain K of
Nuneric Expression (6) that mnimzes an evaluation function J of Nuneric

Expression (5) below is sought. [err] where Qis a weighting-matrix
with 4 rows and 4 colums, and r represents a weighting factor. . [err]
4 By so mnimzing the evaluation function J, the optinmmgain K

is found which rapidly reduces all elenents of the state arount to zero
with the snall est possible operation amount (speed command) u.

Based on the optimum gain K obtai ned by the above- described conputation,
the control arithnetic unit 026 determ nes the anount of optinmum operation
by the sum of the products of the notion state anmounts by the detectors
021, 022, 023 and the optinmumgain K The control arithnetic unit 026

i ssues this ampbunt of optimm operation as a control command signal (speed
command u) for the trolley drive device 015. By driving this device
according to the signal, optimmcontrol is perforned. At this
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