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Met hod and apparatus for controlling the | oading el enent _ and | oad
of a erane 5 = Background of the Invention The

i nvention relates to a nethod according to the preanble of
claim 1 aneyoeyosesat rol apparatus according to tpergiRafde of
claim9 for danping swayi ng .and skew of the |oading elenent of a
crane and the | oad 10 attached to it, and for precision positioning
t he sane in the horizontal direcfion and in the direction of
skew. Rope- suspended | oadi ng el enents and | oads of

a crane tend to ﬁé@ﬁo&hﬁm EFﬁaEéﬁ@@ Aoy eeﬁeksiﬁiﬁe e iéadmg element
oadi ng el enent of ont ai ner
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crane, in particfbigdriog ?ﬁnﬁﬁQHa €s the crane , shoul d be able to
deposit containers wth a relatively hi gh accuracy.

A net hod and apparatus of the type descri bed 20 above are known,

f or* exanpl e, fron1E|nn|s at.en Application No. 943 401. In

t hi s appar at us, tne 1nve e crane is inplenented by a
control apparatus The dawvenstiongrelatessnhanmethbdasccorging ity t hree
mechani cal |y int Eheowféé:ﬁﬂétoeﬁfr Obla@ﬁhai" praOVbQﬁérgé arae'abéh a

not or and a br ake. outer rs of nlsn1 eam
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al ways connect edand sbew\qf|hhnnépading element of a crane and the load

10 attached to it, and for precision positioning the same
in the horizontal direction and in the direction of
skew.

Rope-suspended loading elements and loads of
a crane tend to sway when the crane is accelerated or
15 decelerated. Swaying of the loading element of a
container crane, in particular, is harmful, as the crane
should be able to deposit containers with a relatively

high accuracy. ' '
-A method and apparatus of the type desgribed
20 above are known, for example, from Finnish Patent
Application No. 843 401. In this apparatus, the control
of the crane is implemented by a control apparatus
consisting of a mechanism beam comprising three
mechanically interconnected control mechanisms provided
25 with a motor and a brake. The ocutermost motors of the
mechanism beam comprise double rope drums to which two
auxiliary ropes are always connected in such a manner
that when one auxiliary rope is unwound from the rope
drum, the other auxiliary rope is wound onto it. When

30 swaying is damped and ropes are wound from one drum to
« . another, the mechanism beam is allowed to move in the
' horizontal direction. The mechanism beam can be further
" . moved in the lateral direction by a third control

mechanism, which is positioned in the middle of the
35 mechanism beam and is connected through gearing to the



that when one auxiliary rope is unwound fromthe rope
other auxiliary rope is wound onto it. Wen 30

ropes are wound fromone drumto anot her, t
all owed to nove in the hori zontal direction
can be further noved in the lateral directi
mechani sm Whd etososs positioned in the mddle of the 3
and is connected through gearing to the

PCT/ FI 96/ 00462

beam wi t hout direct connection to the auxi |
The control apparatus disclosed in the above-

drum the
swayi ng i s danped and
he mechani sm beami s
. The nmechani sm beam *
on by a third control
S PCIRTIBADIcE M beam
WO 97/ 08094
2 mechani sm
iary ropes.
nment i oned

application is i melchaRabad BBhRl YwHBEBEPI Cdirdct connédtibon and aldne

di rections of nn%ggga.a?kergﬁgggnicalIy -bou
e nv

Summary Description o ention

nd to each other.
The obj ect of the

present invention is to 18he contrelpnparatwe disadesaddinpthe akave-or
control ling the mentioned bppiliogtebenest ivplehdrthdimat tiANRedhi¢ler to

ont _ datasrcler
2t 11 aPy rope t 1A CBRB: BToRLEREARRRCRE | JObTHeR, e medtianiEaliil

accurately and r doundl got aagh bether., which 15 maxi m zes the contro

of the | oading el enent.

10

15

20

25

30

35

Summary Description of the Invention

The object of the present invention is to
improve the method and apparatus for controlling the
loading element and load of a crane in order to simplify
them mechanically, and to allow the control of each
auxiliary rope to be controlled independently but even
more accurately and reliably than before, which
maximizes the control of the loading element.

This is achieved with a control method of the
invention, which is characterized by what is disclosed
in the characterizing part of claim 1, and a control
apparatus of the invention, which is characterized by
what is disclosed in the characterizing part of claim

9.

The present invention is based on the use of
four identical but mechanically independent control
mechanisms whose control is implemented - completely
electrically; the control is based on the weighing
information of each auxiliary rope and the rotation
speed of the motor connected to the auxiliary rope or
the drum. There is always a sufficient length of rope
in store on a rope drum, which automatically compensates
for the different geometry of the auxiliary ropes and
the lifting ropes. The forces exerted on each auxiliary
rope are adjusted according to instructions given by
control logic circuits to prevent the loading element
and the load suspended from it from swaying. Both the
damping of sway and the precision positioning of the



This is achieved with a control nethod of the i nvention, which is

characterized by what is disclosed I n the characterizing part of
claim1l, and a control apparatus of the invention, which is’
characterized by 20 what is disclosed in the characterizing part of
claim WO 97/08094 The present inventi opgribgdasgd on t he
use of four identical but nmechanically independent control.
mechani snms whose control is inplenented conpletely 25 el ectrically;
the control is based on the weighing i nformation of each
auxiliary rope and the rotation speed of the notor connected to

the auxiliary rQqpadorcan be imrgl Rnebited Eper:ﬁeéﬁs a'éﬁY%h@ S%Btﬁiafm

| engt h of rope on a rog drum wh automati ca
conpensat es 30 apparatﬁ&’tﬁﬁ?ch%?%reﬁ?nﬁ Bhet iy 9%°ttﬁ¥%ﬁ553§aryTP8pes and
the lifting ropeschimdchdilyesimpdet eblatieaciemoribedr \above is thuspe are

adj ust ed accor digdhs el W EHCkh OBFeBE LD dbhtrol systgmcont rol logic
citcuits to prevent the lLoadin the | oad suspended

fromit from swaying. Boff Fﬁ§g§§iafegeatﬁéﬁp?ﬂgtﬁ? WEsnhkent ke BReci si on
posi tioning of tteasurement of x¥¥e IFéHEEHLE the auxiliary ropes with

PCT/ FI 96/ 00462 %ging sensors, and the measurement §f the r tat#gﬂd can
be i npl enent ed by ans o th control appar at us ahd

control logic Sheeds ©f themgtors with tachometen sly°§|ﬁBFeb§§F§tP§n
descri bed above thesehmeasurements athirgetdvaluids amaed:&]:ctmla:tenbrﬂaxotheyst em

5 10 mot%&.g§ﬁﬁgbhahe@§@gyre of the invention is the
Accordlng to the invention, each control logic
circuit comprises a force controller for achieving and
maintaining a desired rope force, a speed controller
based on the rotation speed for counteracting skewing
15 of the rope drum and the shaft of the motor, and a pre-
amplifier of the desired rope force for compensating for
the effect of force feedback on the moment reference.
This sensor arrangement is an essential difference
between the present invention and the solution of
20 Finnish Patent Application No. 943 401, where the above-
mentioned measurements are not employed. '
The controllers are preferably P-/PD-type
controllers, which are special types of PID controllers
(PID = proportional + integral + derivative). The
25 controllers can be tuned (the parameters of the
controllers can be selected) experimentally or by means
of a dynamic model of the system.

Summary Description of thé Drawings
30 i " In the following, the invention will be
. described in greater detail by means of a preferred
embodiment with reference to the accompanying drawings,
in which '

Figure 1 shows the general arrangement of the
35 control apparatus of the invention,



measurenent of rope forces of the auxiliary ropes with wei ghi ng
sensors, and the neasurenent of the rotation , ‘speeds of the notors
with tachonmeters. On the basis of t hese neasurenents, target

val ues are cal cul ated- for the 10 not or control devi ces.

According to the invention, each control |ogic circuit conprises

a force conwméiessesf or achi evi ng and mai nt ai ni Ng pcHeMsOReR  ope
force, a speed controller based on the rotation speed for

counteracting skewi ng 15 of the rope drumand the-shaft of the
notor, and a pre- - anplifier of yhe desired rope force for
conpensating for the effect of force feedback on the nonent
ref er ence. Thi pigapeor aghéewgeaendontraln ReERMMish if fenence

bet ween the pre | RV | d sol ution of. 20 Fi nni sh ‘Pat ent
Appl i cation No. %%%rgglsg%gggg%]hé%gove- ment i oned nmeasurenents
are not enpl oyed. Figure 3 is a mahemfticoviewsofr thereperating

P-/ PD-type principdB! IgH |&dc¢h WBhEFoR RetRBARiSh bYBETHY &Eftrol
controI5I ers . CE.LPI Dii?_ grrlo%%rt qnal, o integral + derivative). The
25 cont r 3% SLEGHIE pEOIRRMERF (@ HEF - paraneters of the
controllers can be selected) experinentally or by neans of a
dynam ¢ nodel ofpfihe pekeieption of the InWEABIk Description of the-Draw ngs
30 _' _ Q) tg,g uToq'Tgé}hnvg o e ventignIO%I£ be
described in greater detarfuhy V@ SRR &r PBY ¢+ @rfbodt nent
with reference taontidngreospspghdgddLfgainngs loading elementwdi if the
Figurqgl shows than@enersd abhalH§MeiVennt! N® 33 supportddt byl Shparatus
of the Invent_lor}.’ifting ropes 4-7 affixed to a first and a second
' lifting drum 8 and 9 located above the loading element
3 at a distance from each other.
One end of lifting rope 4 is attached to the
15 crane frame 10 at point 11, from which the lifting rope-
4 extends to sheave 12 at a first corner of the loading
element 3 and then back up to one side of a first
lifting drum 8. One end of lifting rope 5 is attached
to the crane frame 10 at point 13, from which the
20 lifting rope 5 extends to sheave 14 at a second corner
of the loading element 3 and then back up to the other
side of the first lifting drum 8.
Correspondingly, one end of lifting rope 6 is
attached to the crane frame 10 at point 15, from which
25 lifting rope 6 extends to sheave 16 at a third corner
of the loading element 3 and then back up to one side
of a second lifting drum 9. One end of lifting rope 7
is attached to the crane frame 10 at point 17, from
which the 1lifting rope 7 extends to sheave 18 at a
30 fourth corner of the loading element 3 and then back up
to the other side of the lifting drum 9.
The direction of the lifting ropes 4~7 from the
lifting drums 8 and 9 can be perpendicularly downwards,
as the damping of sway is implemented by a control
35 - apparatus provided with separate inclined auxiliary
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4 Figure 2 shows a control nmechani smof the

contral apparatus, and Figure 3 is a schematic view of

t he opera}i ng princi ple of each control nechani smand the control
5 (o]2T! IehdqUi T connected to it. Ful | Degcription of the
I nvention Wi Figure 1 shows a crane 1 and aPngf“Q‘,’“é.g. a
cont ai ner, suspended froma |oading elenment 3 of the 10 crane. The
| oadi ng el ement 3 is supported by four lifting ropes 4-7 affixed
to a first and a-second liftingSdrum 8 and 9 | ocated above the

| oadi ng el ement The Rl & distance fromeach other . .

ne end of IiftiFPFdpe 2 | OBRTU IFRPATGtuFe Widl be desgriked danghey at

point 11, from wietkewIrgd ifting rope 4 gxtends to sheave ‘12 at a

first corner of the |oadige control aﬁ%ﬂ’?@ﬁs?’mgﬂg;é e nbaggeu%rta%eone

side of a first dam Iiftingqé;g@ .. One, end 0 I 11 ng rope I S

at t-ached R (e FURE €0 Ra¢ihgt elsmentons whinh bokd 20

liftingSrope 5 ehowvhzontal digmetivhsak-H' sendnzh-20r i also damps @hel he

| oading el ement gy@co hee bRSkatHy 'Ll NGl adaition, thlelEai e first
I ng ! 0

lifting drum 8. Cor r espon y, one’en 'ng rope

6 is SERRFAPS FAhPE usrd (fomPrRFisiopopesitdontingm whech 25
lifting rope 6 ekeemidfitdinghthe clak@ling aléhent] T owveera short dist@hckhe

| oadi ng el enent $n aqstd BeRibBeAkaVai ROy, 9804 also for ,EQ}C%&}%[C%BQ

Iiftin??drqu. %el}end osiellnlftlrgorc% (;,_SZ . Q the
crane Trame 10 atoF&HN gremepbm (F)charfle qountiexglogkwiseext ends
to sheave 18 at A0 for a flesudehlreesner of the |oading el enent 3 and then
back up to the 19{ebnstde Qpdra@uls’ EbhPPi dLYBShr identical
control mechanisms 19-22 secured to the crane frame 10
in the middle of the space between the lifting drums 8
15 and 9, for example, in a rectangular Sermation such that
one mechanism is located at each corner of the
rectangle. However, it is not necessary to dispose the
control mechanisms 19-22 symmetrically, since asymmetry,
| when it is known in advance, can be taken into account
20 . by means of a control system to be described below. In
principle, the control mechanisms 19-22 can thus be
placed at the corners of an arbitrary quadrangle. The
control system allows the control to be implemented by
selecting the desired rope force suiﬁ:ably, whereby the
25 asymmetry of the geometry can be compensated for. The
problem with the apparatus disclosed in Finnish Patent
Application No. 943 401 is that the control mechanisms
must be located very accurately at specific positions,
which complicates the layout in other respects. Because
30 of the requirements set by the control mechanisms for
o the layout, it is difficult to position e.g. the cab in
the trolley of the crane.
- Each control mechanism (see Figure 2) comprises
a rope drum 23 connected through gearing 24 to an
35 electric motor 25, and, between the meghanisms 19-22 and
&



The direction of the lifting ropes 4-7 fromthe lifting druns 8

and 9 can be perpendicul arly downwards, as the danping of sway is
i npl emented by a control 35 apparatus provided with separate
inclined auxiliary ' WO 97/ 08094

PCT/ FI 96/ 00462 5 ropes.
The control us will be described in the f ! '
The control“@ﬁ%@@%%us nounted in the crane danpsq%h@ﬁ%@g?nof t he
| oading el enent 3 in both 5 hori zontal directions X-X and Z-Z'; it
al so-danps the 'skew of the loading elenent. In addition, the
control apparatus can be used fer precision positioning, i.e

for shifting t oadi I oyer har.t. i, c _ng i N bot h
hori zont al dir2€¥+o%g?agﬁ§ gﬁ%%I %? gkeﬁ?ﬁ% %ﬁ%“%diﬁgﬁ gbp?%aapnagélenent
cl ockwi se (cwirgkined Ancrelakiqn §® the verticglcdiyecbion. The depeees.

The control appgrah PS8 §8Pf ivitalf SMpor€8REé A the control %gﬁh&at;ﬁgpchani sns
e . space

19-22 secured t he crang fral 10 in the mddle
bet ween the |ifTi ﬁnﬁﬁmﬁ%F8?ﬁ§¥§3arY r%ﬂﬁi%f"zﬁoﬁsefgﬁﬁFg,°Pngg'r389angular
formatPon such thetropes are kepte aschightnassdestreddontmeansd obraer of

t he [ 86t Rl SsydueiicH twilld MR AC8ITRHY belotl, SBRSSihGe _
contr ol nechanlgﬂs 19- 22 s nnetrlcallé%_ ince asggnetrg, . when it
i s known in adv %e,a%ﬁéi ¥ alkSPSht §83éouP 26he  ropen dpImN 23 5

control system autdmatisallbeconpensatdsn for the stretching of the

ropes. No separate arrangement or calibration at certain

10 intervals is therefore needed on account of the
stretching of the ropes.

' The control apparatus also comprises four rope
groove sections for the auxiliary ropes 26-29 in the
middle of the lifting drums 8 and 9. The lifting drums

i5 8 and 9 and the rope groove sections may be provided
with conventional rope grooving, or they may be similar
to those described e.g. in Finnish Patent Application

No. 943 401.
One end of auxiliary rope 26 is attached to a’
20 first rope groove section on the first lifting drum 8.

From there the rope extends down to a sheave 30 located
in the middle of the first end of the loading element
3 and then back up to the rope drum of the €first
mechanism 19. _
25 One end of auxiliary rope 27 is attached to a
second rope groove section on the first lifting drum 8.
From there the rope extends down to a sheave 31 located
in the middle of the firs:t end of the loading element
3 and then back up to the rope drum of the second
30 ‘mechanism 20.
One end of auxiliary rope 28 is attached to a
first rope groove section on the second lifting drum 9.
From there the rope extends down to a sheave 32 located
in the middle of the second end of the loading element
35 and then back up to the rope drum of the third mechanism



principle, the control nechanisnms 19-22 can thus be pl aced at the

corners of an arbitrary quadrangle. The control systemallows the
control to be inplenented by selecting the desired rope force

sui tably, whereby the 25 asymmetry of the geonetry can be
conpensated_for. The ' problemw th the apparatus disclosed in

Fi nni sh Pat ¥}97/08094 Application No. 943 401 is that thBCHERHPYME2
mechani sns nmust be | ocated very accurately at specific positions,
whi ch conplicates the |ayout in other respects. Because 30 of the
requi renents set by the control nechani sms for the layout, it is
difficult to position e.g. the cab in the trolley of the crane.
Each control me¢hani sm (see Figure 2) conprises "~ a rope drum 23

Eotr}nect eflht hrough geari rigm%naoSgnaaﬁiliary r@@%\g%7'§%§t@cl’%@ tNg,
PgTy\IK?SG / 08 4ggcgggéz§fsrgpe 292ro%r\]re section on the secbnél/ 9.1(%%ing drum,
| ogdi ng el enent®3, Frowr thexel ithey yepreseztends down to a | sbeawmed 33n
relatisn to thelcy@éﬁéd?éﬁlr} diueeentiatame EbetnepgeconAdlennd tohfdﬁ:]chEaa.%a:d?.n%f \r”ot 2'
oLt ance, 0 \RERaNl ', R BLYR vp rq she.aPl GHE oE RO LOPE
by neans of a mechanism@@trol system which will be described bel ow.
Storing the awpddn abyuttoPafedfimA%nPiothe fOPENK WBmdEises
automati cal Iy C?ggee r?fgtﬁarse f2c;r at fslgngtog_egg hkg v?éigt}t]i?ng the rope force
10 of the auxiliary rope, a tachometer 35 for measuring the
rotation speed of the rope drum 23 or the motor 25, and
a motor control device 36 (Figure 3) for adjusting the
rotation speed (n, Figure 3) or moment of the motor 25
steplessly.. If the motors 25 are AC pmotors, the motor
15 control device 36 may be, for examp;é;=-' an inverter or
a frequency converter. Likewise it is naturally possible
to use, for example, DC motors,- DC actuators or
hydraulic actuators; the control system which will be
described below does not impose any restrictions on the
20 selection of actuators. _

The control apparatus further comprises four
identical contrel logic circuits C (Figure 3) connected
to and acting on each mechanism 19-22. On the basis of
the rotation speed of each rope drum Zi:and the weighing

25 information of each auxiliary rope 26-29, the control
logic circuits C control the forces (F, Figure 3)
exerted on the auxiliary ropes 26-29 to prevent the
loading element 3 from swaying.

As can be seen from Figure 3, each control

30 logic circuit C comprises a force controller C2 for
. ' achieving and maintaining a desired rope force, a speed
controller C3 for counteracting skewing of the rope drum
" 23 and the shaft of the motor 25, and a pre-amplifier
Cl of the desired rope force for compensating for the
35 effect of force feedback on the moment yeference MC. The

' &



ropes. No separate arrangenent or calibration at certain 10 '
intervals is therefore needed on account of the stretching

of the ropes. The control apparatus al so conprises four
rope groove sections for the auxiliary ropes 26-29 in the -
mddle of the lifting druns 8 and 9. The lifting druns 15 8 and 9
and the rope sections may be provided . wth | onal
rope groovi ngggg;rw'fgﬁey may be simlar to 't hose des%“é‘f&g. in
Fi nni sh Patent Application No. 943 401. : One
end of auxiliary rope 26 is attached to a 20 first rope groove
section on the first lifting drum 8. 8 Fromthere the rope extends

down to a sheave lgbquéé%t egl ll’a Fﬁgurgack lr}l%l{gaqt%hetﬁ)é é I‘J}is Ogli:g of the

| oadi ng el enent e rope rumo e first
mechani sm 19. 25ircuit C connectetghel@naa@lﬁ gagel ter Pﬂeo;ﬁef 2¥he sf@urached

to a Sﬂ@iﬂdaqpmwhememsecthenmeaokhestI 213 {nbébtnaoﬂwalS
Fromthere the rtf{‘{ei é%nd dovvn t,0, a sheave

mddl e of the fi gy s&“&ﬁénsi S8 Ui tafhé’ﬁ‘ﬁt?ﬁe%gback up
to the & ope drumbftrtemeg@wnemaow 22' amkcthenivaniables relating to

One end of auxi ¢ YsysHesh 48 vugeattached to a first rope groove
section on the secon i ng drum Fromthere the ro ext ends
down to a sheave 32 Ioca%%‘ Force’” contll}?ltlﬁg rﬁzdd'lse %’fejfe?‘féa@é’co%dgﬁnd of

the | oadi ng el eneenitdler compnisimen dvackmppifyinde popsiar uandf ahe
third nechani smgerivative portid) THLOBOB4rtion being tuned to be slow
PCT/ F|1906/ 00462 in order to implement the desired rope force in a
balanced state, and the D-portion being used to change
the value of the moment reference MC in dynamic
situations. The speed controller C3 is preferably a P-
controller which comprises an amplifying portion and is
15 tuned to be fast in order to react sufficiently strongly
to dynamic situations. '

In the case of symmetrically disposed .auxiliary
ropes 26-29, the same target values can be given to the
forces Fy exerted on each auxiliary rope 26-29 when the

20 sway and skew of the loading element 3 is damped. Thus,
in a balanced state F; = me', i.e. all rope forces F;
are equal, and the rotation speeds n; of the rope drums
23 are zero.

In the case of asymmetric suspension of

25 auxiliary ropes, the optionally unequal target values
set for the forces F; are such that the horizontal
components of the forces F; compensate each other.

When short shi.fting movements, or precision
positioning, are made in .the horizontal direction and

30 in the direction of skew, unegqual target values are
given.to the forces F; exerted on the auxiliary ropes
26-29. The asymmetric forces of the auxiliary ropes 26-
29 thus move the loading element 3 in the desired
direction. .

35 The desired tightening Fy,,; of the auxiliary



7 21. One end of auxiliary rope 28 is
attached to a second rope groove section on the second lifting
drum 9. Fromthere the rope extends down to a sheave 33 5

| ocated in the mddle of the second end of the | oading ] _eleggnt
and then b the rope drumof the fourth. anism 22.
Each contrgﬁ%%ﬁc%anlsn119-22 further conprises (s 4??&9@?2) a
sensor 34 for weighing the rope force 10 - of the auxiliary rope, a
tachonmeter 35 for neasuring the rotation speed of the rope drum
23 or the nmotor 25, and a motor2control device 36 (Figure 3) for

adj usting the tatli gur nonent of the notor
ZSJ stepP 83707 égfc?'he ?m%)%‘f cé%d a{ré el?m%d?asnn?’héﬂ?ﬂi(ﬁ he 5
control device Bsghtsnzkg IQﬂELD¢§n&0yeraMithvemaéhgnrloads than witflt equency
converter. Li kemggertld»édslatm&;%l tnemé%lhﬂ%ms anta'“m?toI:Q & 1%%erc§xa”p' e,
DC not ors, S rau ac ors ec

syst em whi ch Wi %% u'gl&’le S possipley | t’)’\édrﬁﬁﬁq) Vﬁ&ftaigﬁﬁo%’éeéﬂ}ﬁ
restri @i ons onth@ctemperature Qﬁlthn|mmtoafrema1ns(neiatlvely low, and

The control appgrat lﬁezfﬁ.rdehelifénmf Seﬁef Otlﬂéchanlsms ésag.'tpélﬁ ﬁgén eQPnt roI

logic circuits ure 3)

'meghanl sm 19- 22’9 gh?ﬂg‘xﬁ sﬁggoilr{i'le gamplng R’F@?’?ﬁyatll%r’f‘%tpé&ﬁéfz%ch rope
drum 23 and thethei gmn:geQa:ighteninme@nrraeu selettedcdo athdt iiar \orlgpe

-26- 29, the cont k@kps the aauan?ﬁg; Créﬁé&téefzgor&wt tﬁlﬂ-f La%ggi gﬁ{*—ﬂ e

Fi gur X ed on aux es

| oadi Eg el emantaﬁf??g %i'ﬁa%oargmen st | LAY 1638°% %a?’r hge loading om
Figure 3, each ebement 30 logic circuit C corrprl ses a force

control ler C2 for In ad@aRigw, Neha sk JBidy 8l BhPen fng 981 I &gk gpe force,
a speed ntrol | er ng_gé counteractl ng s the rope drum

23 and the shaf?u’éf’ "f‘WéV P& ée%a?r‘b??‘?lls@r that the actdprpf t he
desired rope foefe ﬂcopwnorrphlssatrbagcésr tlaec8leration ebffectshiffifioigce

feedbask on-themspeReies £isy %Q‘J‘:@nl\/&tgh@ccount in &l@vance. Thus it is
possible to prepare for a disturbance in advance (e.g.

when the shifting movement of the trolley begins) by

means of the rope forces (by tightening the auxiliary

ropes 26-29 that are on the front side in the direction

20 of acceleration). When the disturbance occurs, the
loading element 3 and the load 2 can be kept steady

without any sway.

The control sequence of the control logic

circuit C can be the moment of the xﬁgtor 25, which is

25 realized d:i'.“rectly by the moment reference MC of a
vector-contreolled motor control device 36 or,
alternatively, as a frequency reference to a scalar-

controlled motor control device 36, using feedback to

ensure that the desired moment is realized. Moment

30 control can be realized with the same instruments and
. calculation unit as the rest of the control system; in
other words, it does not require any modifications in

the apparatus. '
The values of the parameters of the control
35 apparatus C are calculated as a functign of the lifting
i
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8 subi ndexes i in Figure 3 indicate the control |ogic

circuit C connected in each case to one of the four i denti ca
mechani sms, the notor 25, the notor control device 36, the

wei ghi ng sensor 34 and the tachometer 35 5 of the mechani snms 19-22,
and the vari lating to the systemin use.

The force cgﬂ§%§??%f C2 is preferably a PD contr8 Imm%%%%r|5|ng
an anplifying portion and a " derivative portion, the P-portion
bei ng tuned to be slow 10 in order, to inplement the desired rope
force in a : bal anced st at e, and t%he D-portion being used to change

the value of tli'l"e:.@'%er&tnd rt@i‘eerled&? 'ﬁ@ ﬁdhin%yr@fné:he &attrarﬁtexsé tuations.

The speed control I.e ref er.abl er which
conpri ses an am% lF'%lﬁ eBo?’EE’%W‘%ﬁRF% YlBr by meanﬁuqqua dynpaicgaedeldn order
to react sufficiocdntthe systemly to dynam c situations.

In the case of synnetric y e i ar 0 -29, the
same target values can bé glJ%%ﬁﬁgﬁt 39g§€k' dan #%ﬁcé?pkfﬁ?gfegx ¥ ed on
each adxiliary Péﬁgrémﬂblﬁhéﬁgtlﬁe (RIC) withsfdpaspdgsipednsf numbdmadi ng
el ement 3 is dagpedhmébiss. The flltetfh@-@ﬁjﬂé§§ﬁkéﬁéﬁﬁ3éiqﬂéﬂs'céﬂ‘”r]

i.e. all rope f%rcegmg_{&[‘érlted e1th§§ ge:leec%%;al ,lland th%y mg;rlx(s)n <:'sfoeeds

nferr] of the rdpe
) software.

The method of the invention is active in the
10 sense that it controls the motors'2$ of the control
mechanisms 19-22 and prevents the sway of the loading
element 3 directly on the basis of the available
measurement data. The mechanisms 19-22 and the control
logic circuits C form an independént unit, wherefore the
15 damping of sway does not affect the operation of the
other mechanisms in the crane at all; in other woxrds,
the lifting and shifting movements are independent of

the operation of the control mechanisms 19-22.
It will be obvious to one skilled in the art
20 that the invention is not limited to the working example
described above, but it can be modified within the scope
of the appended claims. Thus, the definition that the
apparatus for controlling the sway is mounted in the
crane can also mean that the apparatus is mounted in the
25 trolley of the crane. It is also possible to apply the
invention to other cranes than container cranes as long
as the auxiliary rope arrangement described above can
be implemented therein. In addition to the control
. system described above, the control mechanisms can also
30 be controlled by another kind of system, e.g. by a
discrete-model-based system, in which case the
anticipation of disturbances can be implemented
optimally. In the case of a discrete-model-based system,
it is possible to distinguish between a force controller
35 and a speed controller, but they are not P-/PD-



In the case of asymetric suspension of 25 auxiliary ropes, the
optionally unequal target val ues set for the forces F[err] are
such that the horizontal conponents of the forces F[err]
conpensat e each ot her. When short shifting novenents, or
preci si on positioning, are nmade in.the horizontal direction and
30 i "VQRUIBM ection of skew, unequal target val ues aPET/FI9%6/00462
given to the forces Flerr] exerted on the auxiliary ropes 26- 29.
The asymmetric forces of the auxiliary ropes 26- 29 thus nove the
| oading elenment 3 in the desired 11 direction. 35 -

The desired tighteni n](_; Flerr] of the auxiliary WO 97/ 08094
PCT/ Fl 96/ 00462 controllers in their structure.” Furthermpre, it shoylshes

26-r29 can be sebechedeidn thath therabneention abPows an empthi didsadimp | evel
is-Tower with s I t han w Lgoere | s._Thus .t he
mechani snms and grrgtyggfsl?a(r%:df%aggd é’ﬁéﬂhnded %% ﬂetg %’%e éafs gggsi cf%“’ﬂhe

resul ti ng advaniggbanisms (4P522 from the apxiliappaiapes 86029 ehenshyr

Irermi Es r gl ati vmhyn{:emwéld:peratioqsf ofhehé Uifititd mnbBhahishe &&Be i |S s ijs
engt hened. r e, i npL.0 roperty is not_.utilized,
the desired ti gﬁ?gﬁ?ﬁ%&gan etygg!é:l ett es@&:%%a&%até?;?pcg Fy°n which %eeps t he
auxi | i ary ropeslogdingtielpmenius hasstadie dpwered forfthe maintmnanasts of
the load 2 and bperhonchsg el enent 3. I n
addition, the desired tightening F[err] of the auxiliary ropes
26-29 can be selected so that the action ’



of known -di sturbances (acceleration of shifting 15 novenent s)
is take mu‘mummn“mlum advance. Thus it is possible to prepare
for ance (e.qg. when the shifting novenent of

t he troIIey beglns) means of the rope forces (by tlghtenlng
the auxiliary ropes 26-29 that are on the front side in the
direction 20 97/08 of acceleration). Wen the disturbance occurs t he

| oadi ng el entn? 824 the 1oad 2 can be kept steady - PCHFIH0062 any
sway. The control sequence of the control |ogic

circuit C can be the nonment of the motor 25, which is 25 realized
directly by the nonent reference MC of a 12 vector-controlled notor
cont rol device 36 or, natlvely, as a frequency
reference to a scal ar- control Mot or " control device 36, using
f eedback to ensure that the de5|red monent is realized. Monment 30

control "can be realized wi! M Wa AN oK"Y 1oading edl&r@nt%m ati on

unit as the rest the c does
not require any r?%& FPﬁB??‘g?é ’%‘?P“YSlltmmg denpsafBar 8t RE @ crane (1)
The val 8es of thbypiifinin@rpss t(de7¢onandl a Fvad: (2) aBPREH&d Uso Gadide '

| | at ed f | 9
(I;Eé'l';:llél 86?002223 huaathgn fendeh® | (37] "Gaia contr:oll:mlgO ¥Pf8¥£9§8 4:h

and the | oad. ThE2PRAPENYFLIMER L Freters Zirs2’) sway and skew of the

loading element (3) and precision positioning the same
in the horizontal direction and in the direction of skew
10 (CWw, CCW) by the use of a control apparatus comprising
control mechanisms (19-22) mounted in the crane and
provided with motors (25), and four auxiliary ropes (26-
29) between the control mechanisms and the loading
element (3), said method comprising controlling the
15 loading element (3) by moving. the -auxiliary ropes by
means of the control mechanisms using four identical
mechanisms (19- 22) provided with rope drums (23),
devices (34) for weighing the rope force aﬁd/or
tachometers (35). and motor control devices (36), each
20 of said four mechanisms being connected to one auxiliary
rope (26-29), and four identical control logic circuits
(C) connected to each mechanism for controlling by
motors (25) the forces (F) exerted on the auxiliary
ropes to prevent the loading element (3) from swaying,
- 25 characterized in that the motors (25) are
controlled on the basis of the rotation speed (n) of
each rope drum (23) and the weighing information of each-
auxiliary rope (26-29) by a control logic circuit (C)
comprising a force controller (C2) for achieving and
30 maintaining a desired rope force (F), a speed controller
(C3) for counteracting the skewing of the rope drum (23)
and the shaft of the motor (25), and a pre-amplifier
(C1l) of the desired rope force (F) for compensating for
the effect of the force feedback on the moment reference
35 (MC).



cal cul amﬁ*ro by neans of a dynam c nodel of the

E?itg?amdlllﬂll ST "Ij}ﬂﬂﬂeﬁﬁ loating poi ni number o Carithmeti cs.

| tering of measurenent signals can be i npl enmented either
eI ect r| cal | nmeans of sof t war e. "88%?
met hod of tﬁvép#”r’]o\%gﬁtlon is active in the 10 sense thgf"r’ﬂg rols
the notors 25 of the control mechani sms 19-22 and prevents the
sway of the | oading elenment 3 directly on the basis of the
avail abl e nmeasur enent data. Thd3rechani sns 19-22 and tHe control

logic circuits C form an de nt un| wheref ore the 15 danpi ng
of sway does not affect 25‘5%3?‘8 %?lc%‘? inpto claim 1, §iReR HeRh@nTsns in
the.crane at allt; e or dt Izee dorils, that, during kdempibgi nff thd skaftand
novenents are i RGAREBECHhe Qlfoadlng elemeh@ecﬁ’ ert?Hé Qarf t%?ﬁeﬁ%é{z@%f
o-one,s ed in

mechani sns 19-.22. e obvi ous

the-art 20 are vep, £o; WEnlff"Gﬁereﬁﬁt"tF nPReB2ER BHENREFkFAYLBxanpl e
descri 9ed above dilsposied eaxibdanpdréped (26+29), twiresstypeall the ropef the

appended cl ai ms.gokhies, (Fheasefl gﬁhﬁ.' OQn(tlhlﬂ{e E:BEatJ.on 2 edéap@f}r gEusni or

controlling the sway js rng% can al'so nean that
the apparatus i FORSL EEgsi heasg zero trolley of the crane. It is also
possi ble to apply the 3. A methiodvactexding totdkaimwngnesht 4an aoatai ner

Cranes as 1ong ¢ e = i z 85gt N ottt amgu%oaaﬁ%ﬁaggsggﬁedsw bgd above

tlo contro

can re|n I n ad
syst emYescri becf@%\%gm’fr}ﬂ’edlc SERIER st catPch sepegual targsk
controll ed by anelves kiare o t_p.gyzst etp ethe byfomces exerted on the

di screte-nodel - %%ﬁ:@rg—:t&&%fa Ty dléboéféﬁf QQxlfféxg;&rbgéﬁ (26-29) th%%ttﬁé pati on

of di sturbances can erren ed case of a

di scr ete- nodel - efpmponents of the ropg Eerees cPB‘WFﬁg%?%h
bet ween a force qmwr,oinhereﬁﬁ the ropeafisrces (@)ekdepcrhd rNalddeand thié t hey

are n@ P-/PDigading element in a balanced position, and the rotation

speeds (n) of the rope drums (23) are zero.
4. A method according toclaiml, c h ar ac -
t erized in that, during short shifting movements,
or precision positioning, in the horizontal direction,.
20 and in the direction of skew (ARC, CCW), unegual target
values are given to the forces (F) exerted on the:
auxiliary ropes (26-29), whereby the asymmetrical forces
of the auxiliary ropes move the loading element (3) in

- the desired direction.

25 5. Amethod according toclaiml, char ac -
terized in that the target values for the forces
(F.) exerted on the auxiliary ropes (26-29) are
determined according to the principle of anticipating
control, whereby the target values for the rope forces

. 30 can be calculated by means of a dynamic model of the
. system to eliminate the known disturbance factors,

typically the accelerations of the shifting movements
. of the crane.

6. A method according to claim1l, c h a r ac -
35 terized in that the moment (MC) of the motor is
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contro”!ﬁ"ﬁmu ructure. Furthernore, it should be not ed
that t m'";mm mws an enpty | oadi ng el enent 3 to be .

suspended y fmednssof+«the control pechani sug 19-22 fromthe
auxiliary ropes 26-29, whereby 5 'ﬂ-"fs MEFHA@H'BEEN per ati ons of the t -
lifting nmec bPbEeL AN be erfo out ja sepa prt on
whi ch ?he W6 Qfoadi ng el ement REPEACE d for ?ﬁ‘} mal ntenance
oper at i ons. WD 97/ 08094

PCT/ FI 96/ 00462 12

d ai ns 1. A nethod i controlling a | oading el ement

(3) suspended fiQeyl ihtithe dbHPE0l80r9%4n8  cBnfEC18d4e circuit (C),
said moment being realized directly by the moment
control of the vector-controlled motor control device
(26). _

5 7. Amethod according toclaiml, ch ar a c -

' terized in that the moment (MC) of the motor is

used in the control of the control logic circuit (C),

said moment being realized as a frequency reference to

a scalar-controlled motor control device (36), using

10 force feedback to ensure that the desired moment is
realized.

8. A method according to claim1l, ch a r a c -
terized in that the tuning of the parameters of
the control logic circuit (C) is calculated by means of

15 a dynamic model of the 'system.

9. An apparatus for controlling a loading
element (3) suspended from lifting drums (8, 9) of a
crane (1) by 1lifting ropes (4-7), and a load (2)
attached to said loading element (3), said controlling

20 referring to damping horizontal (X, X', Z, Z') sway and
skew of the 1loading element (3) and precision
positioning the same in the horizontal direction and in
the direction cf skew (CW, CCW), said control apparatus
comprising control mechanisms (19-22) mounted in the

25 crane and provided with motors (25), and four auxiliary
ropes (26-29) between the control mechanisms and the
loading element (3), whereby the loading element (3) is
controlled by moving the auxiliary ropes by means of the
control mechanisms, said control apparatus comprising

30 four identical mechanisms (19-22) provided with rope
drums (23), devices (34) for weighing the rope force
and/or tachometers (35) and motor control devices (36),
each of said four mechanisms being connected to one
auxiliary rope (26-29), and four identical control logic

35 circuits (C) connected to each mechanism for controllind
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Foadi ng ‘MHM"’HM’H@'E ((:gn'n E)I ?inggar L?Z(rjri(ﬁz; ?E)t ached to Sgia(rjrpi ng

hori zontdl €X tX* sway and skew of the | oadi ng el ement
(3) and precision positioning the sane in the horizontal
direction awdg7ssdae direction of skew 10 . (Cw ceow /59?”&%9 of a
control apparatus conpri sing control nechani sns (19- nount ed
in the crane and provided with notors (25), and four auxiliary
ropes (26- 29) between the control mechani snms and the | oading

el ement (3), said method conprising cont Ao | | ng the 15 | oddi ng

element (3) by Ry fdebhe ﬁgé)lé:.eoa%eggggstﬁéc cading ee_fg‘_%%g)s(gﬁ he control

mechani sms usi ng foyr 1den ] an’s ovFE8d with
rope drunms (23)3¥a¥ing, ¢ b @\F & & (138 If ér zwei ghithgthalke easgbecontrel and/ or
tachoneters (35)logid abtonirof@) eompeisessa(Lénce @¥Htrdller (c2) Ofosaid
four nmechani sns Is n t e auxiLiar rope_(26-29),
and'fogr i dent i_ggfﬁggﬁﬁgo?ﬁﬁolglg%ﬁgﬂ?@ﬁ?gsé Jies.uyed r?‘ts forrRctBy t® each
nmechanPsm for cSREESI FPRETSYLIer (C3) fornnoawnterastinpether skewily ekerted
on the au>2<i5l i ar yhe rope drum O{Z afdptR¥eShathod Q.E@ Reteker®sy, (é%%; rom
swayi ng, - r 4.z ed _.in that the notors are
control | ed on tﬁepggs%sgfﬁ}é: {%ﬁat?forﬁlsepg%&lfﬁf 5PpPe BE=EE F}ea%‘ﬁrrope
drum (23) and t FemREP§AFHBYiFAChet pEReot afathe force feediadk barghe ope
(26- 29)I by ? c(z:?nbmhtl eeiferenceuitic) ) said controPQl’GHiéié‘:gré\;if@(rj?@)

contrqhl er a v . mai nt ai ni n sired rope
forceq?F), a sple%ghgoﬁ%gl Fg? éggtggllm? & f%?t%rﬂrgréﬁi t+he®Skewi ng
of the rope druffhg2Zptation speednfn} hefseath vépe hdrumt (23) 28)d Gl a
pre-amplifier weighing {ffidrmdtidie sedded ah%@iﬁ?kcﬁoﬁg) for conpensating

EKJ/E) the effect,gf ¢ ToLSe-{88IPACK Qudme rent, [efergnce 35
charactezrized in that the force controller

15 (C2) is a PD-controller comprising an amplifying portion
and a derivative portion, the P-portion being tuned to
be slow in order to implement the desired rope force in
a balanced state, and the D-portion being used to change
the value of the moment reference (MC) in dynamic

20 situations, and the speed controller (C3) is a P-
controller which comprises an amplifying portion and is
tuned to be fast in order to react sufficiently strongly
to dynamic situations. |

11. An apparatus according to claim 9,

25 characterized inthat a length of auxiliary
rope (26-29) is stored on each rope drum (23) to
compensate for the stretching of the auxiliary ropes and
the different geometry of the auxiliary rdpes and the.
lifting ropes (4-7).

30 . 12. An apparatus according to claim 9,
. characterized in that an empty loading
element (3) can be suspended from the auxiliary ropes

. (26-29) by means of the control mechanisms (19-22) to

allow maintenance operations to be performed without a
35 separate support.
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13 2. A nethod according to claiml, char ac -

t eri zed inthat, during danping of the sway and skew of
the | oading ele t (3), the sane target val ues f are given to the
forces exerted O & 4synnetr|cally di sposed auxiliary rope
(26-29), whereby all the rope forces (F) are equal, and the
rotation speeds (n) of .the rope drunms (23) are zero. Pcmmmwmu

3. A nethod according to claiml, ¢ h a /8 ¢ - t er i in
that, during danping of the sway and 10 skew of the Ioading elenent
(3), such unequal target val ues are given to the forces exerted
on the- asymetrical |y di sposed auxiliary ropes (26-29) that 'the
hori zontal conponents of the rope forces conpensate each ot her,
whereby the rope forces (F) keep the |oad and the 15 "l oadi ng elenent
in a bal anced position, ?nd the rotation <] speeds (n) of the rope
druns (23) are zero. 4. A method .ccordl-g toclaiml, c
har ac - t é\r\& z edin that, duri d ifting
novenents, or precwsion positioning, in ontas direction.
20 and in the direction of skew RaC, CQUF~X

val ues are given to the forces ( exel t pd Qﬁ”the

(26-29), whereby the asynnetrlca oro-
nmove the |oading el enent (3) (( &a e de i gh. 25
5Amethodaccora|gtocl ” a C .- e r i zedin
that the target val ug Hg? Prces 21— . on the
auxiliary ropes (2¢ de -rnin= 4 Hijlng to the
cont wy i arget val ues for
S czzculék ‘V

principle of anticipa
the rope forces 30 6mic model of
{ he Knpwﬁ di 3t p tors,
P

‘T5%\1|ary ropes
_ dry ropes

t he syste

23




typically the accelerations of the shifting novenents of the
crane. 6. A nethod according to claiml, c har ac -
35 . t eri zed inthat the nmonment (MC) of the notor is

used in the control of the control logic circuit (C), said noment being
real i zed di nggbingeefy the nonent control of a vector-contro@?&ﬁmﬂﬂhaﬁ
control device (26) 7. A nethod according to claiml, C ar ac
-terized inthat the nmonment (343 of the notor is used in the
control of the control logic circuit (C, said nonent being realized as a
frequency reference to a scalar-controlled notor control device (36), using
force feedback to ensure that the desired nonent is realized. 8.

A nmet hod according toclaiml1l, char ac- teri zedinthat the
tunjng of the paraneters of the control logic circuit (C is calculated by
means of a dynam c nodel of the system 9. An apparatus for

controlling a loading elenent (3) suspended fromlifting druns (8, 9) of a
crane (1) by lifting ropes (4-7), and a load (2) attached to said | oading
el ement (3), said controlling referring to danping horizontal (X X, Z
Z') sway and skew of the Iloading elenent (3) and precision
positioning the sanme in the horizontal direction and in

34

35

FIG. 2



the direction of skew (CW' CCW, said control apparatus conprising

control nechanisns (19-22) nounted in the crane and provided with notors
(25), and four auxiliary ropes (26-29) between the control nechanisns and
the Iloading elenment (3), whereby the loading elenent (3) is controlled by’
novi ng the auxiliary ropes by neans of the control mechani sns, said

control appaoazesessonpri sing four identical nechanisns (1®cTAN9guodszi ded
with rope drunms (23), devices (34) for weighing the rope force and/or

tachometers (35) and notor control ggyices (36), each of said four
mechani snms bei ng connected to one auxiliary rope (26-29), and. four
identical control |ogic circuits (C) connected to each nechani sm for
controlling WO 97/ Q809%
PCT/ FI 96/ 00462 15 t he
notors (25) to prevent the |oadkpd el ementz( r—Tom swaying, ¢ h
aracteri zedinthat each control"‘ lopig circuit (C)
conprises a force controll e {C2)~|fFor ===~ 7|~ ~"adhi evi hg |and mai nt ai ni ng
a desired rope force (F), al 5 .speediconirdller [C} for :
counteracting the skew ng of W he, r ope drlum (2B) land the shaft of
the notor (25), and aZpCe- gnpl i f GE( 1), of the {desired rope
force (F) for co ns@- glfof thdeffeqt of fheg force feedback
on the nmoment 1 ef erlentegd MY) , | sakd=co trlol Iogi qcircuit (C 10
being used for controlling th on s jof t he
rotation speed (n) of each fo m (23) i
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melghlng i nfornéiti on of each auxiliary
appar at us accor di
that the force c
anplifying porti
tuned to

a bal anced state, d the Dporti
val ue of the nonept Tererence:
the speed control

ol ler c

pr.being used to change t he
_ ) {in dynamc 20 si tuati ons, and
e (C3) ls.a.b: controll er which conprises

an anplifyi RgROr Ofn@ndohsrol o: “'e domed It adeid asizdwiordey, to react

sufficiently strongly
11. An apparstifs HCEGOH nfetsScl a?m‘g

i n that alcﬁuﬁ&r@ﬁ @fxi ki arpgctor-contzx nﬂxﬁan¢&ﬁL2@¢n;rsLsdevedeon each

rope drum ( %) conpensate for the stretching of the
auxiliary ro and

the different geonetry of the auxiliary
ropes and the 7. Alme‘ﬂdotgar:@pe'si;(m} p.cl8ml, chazxrac=12. An
apparatus ' agcgrdi ng o] c ai , & h € = | t hat an
empty | oadi ng grdi a9, Log E Qha t caﬁ%g ?ugugﬁdg% Fﬁé fotor As

rom t he aUX|I|ary
ropes used (26tr® Qﬁﬂwﬁﬁ%&ﬁfﬁbﬁﬁevéﬁﬁFPél*ﬁﬁeﬁaﬁ|§ﬁ§*ﬁl @2) to
gtgg\évr [TH' Nt eggRge meRRhR! tig @ e paid argTed Middidiicy® ré¥erence toeparate

a scalar-ccntrolled motor contrzol device (38),

Xnam SI tU

using
force feedback to ensure that the desired

realized.

moment is

8. A method according tb claimi, charac-
t erized in that the tuning of the parameters of
the control logic circuit (C) is calculated by means of
a dynamic model of the system.

9. An apparatus for controlling a loading
element (3) suspended from lifting drums (8, 9) of a
crane (1) by 1lifting ropes (4-7), and a load (2)
attached to said loading element (3), said contrqllingﬁﬂf:
referring to damping horizontal (X, X', 2, Z') sway:and ey
skew of the 1loading -element (3) -and 'precision“%
positioning the same in the horizontal direction and in
the direction of skew (CW, CCW), said control apparatus
comprising control mechénisms (19-22) mounted in the
crane and provided with motors (25), and four auxiliary
ropes (26-29)'between the control mechanisms and the
loading element (3), whereby the loading element (3) is
controlled by moving the auxiliary ropes by means of the
control mechanisms, said control apparatus comprising
four identical mechanisms (19-22) provided with rope
drums (23), devices (34) for weighing the rope force
and/or tachometers (35) and motor control devices (36),
each of said four mechanisms being connected to one
auxiliary rope (26-29), and four identical control logic
circuits (C) connected to each mechanism for controlling

. derlvatlve portion, the P—port| bNQg
b2 251 Jbhk ﬁ%ﬁorder to inplement the desired rope ?E&g n
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