CONTROL AND REGULATI ON DEVI CE FOR SAFEGUARDI NG A
CONVEYOR DEVI CE, CONVEYOR DEVI CE AND CRANE UNIT The
present invention concerns a control and regul ation
arrangement for protection of a conveyor, this being,
for exanple, a crane with attendant |ifting and
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object in transport can be sulxjected to automatic lowering by

the action of a controlled brake.

Crane eqguipment designed for ship containers present
gpecial problems. These problems arise in cases of the so-
called Tcontainer Dbridges". A container bridge 1s a
superstructure of a crane system, which permits the transfer
of containers from a closely confined storage aboard ship to a
storage or Gtransport point ashore. Obviously, & reverse
conveyance ig possible. puring such transfer action, the
container can enter its close storage Space in a skewed

posture and thus be jammed, making further movement difficult.



The operational |oadings caused thereby can lead to a
severe overloading of the crane bridging structure,
upon efforts to free the said container. In an
excessi ve case of such overload, the said container
bri dge can suffer failure and collapse Snag- over | oad
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The concept of '"control®, hereinafter, can encompass an
"open" regulatory system, which reacts to one or more input
values or one or more ocutput values buli nobt to extraneous
aeffecta. The concept of "control" can also include a "closed!
regulatory system, which reacts to one or more input values
but said wvalues are biased by a feedback ¢ycle assuring
regulation corresponding to actual conditions. Consequently,
in the following text, the concept of “control" is to refer to

a system which functicns within either regulatory system.
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-2 The invented control systemincludes as an integral
conponent, a sensor, which detects overload and enmts
a signal thereof. This signal activates functions
within the control system In addition, speed sensors
are provided, which react to the speed of the travel
of the object in transport and i ssue correspondi ng
spegd signal.s ahs this acti proc t he_control
in r%spo%se T ancBver oagS ‘fa% % ([ifont he1teTFAl
CoOBr@KkE teqili PRRTR | Whéebhd%\t%ﬁnéverkq%ﬂ apflggeltg o signal
thétaoked This thiemexi sttpga iy eninconced fianspaide, control

syLDGr eby: pr, %@%Ebﬁ‘g %#E%d %@HS&‘:S'JL ranspart apd FoFERSt

consequent goods’ i st
Loj Gt8r FBRERd Ofu&é“ﬁ tHE VP c SiEpttH6 0393 %Eb%q&é%ls?ort “ada
istoadeseldsebrsignatpeddhesicoat eol akl ewss hatsidmgroceeds,

th@q&%ﬂyggﬂ 1nb¥egﬁﬁﬂg% Qf %ﬂ QQQEfHQE %E%ngg u§é€§”ﬂ@ogfthe
t he brake equi pnent a freedomto such_an ex

brefrat ST HE RO stm FHCho gy TEPAET ont s Ho TS o8 Stgheedt &
thepeemeningf dite tdbpect! iranbpanspotheram enstient:ong the

ob?é@éjeir‘?rmal}%‘ﬂ)océgn%zﬁ@' cSﬁé@nﬁfe%@iysh§§§nier&f J@I&Qeseearmed
JLhe caset?lﬁ a, crane O‘éernﬁ y jhis g .

IOPET edse &°Bhj ect T “Pr&hspor (Y8 | w%r e]ée‘f o Bber it @
superrEeti olradiivelaet | @n%ﬁlt hébisr a:K:lrn;gOén sidelrs  hoisting

eqGOMidrel Ledy heanspoer tn a@ﬁmlateaadjmm@me@f ie brake

equiBNSport 1 s permtted to ent ee'»f de O t%“ngr%%%r WYist, in
at§'gned 03|F| on at an appr oxi 6Ty ¢ons
COPFHSHORL " bBedhe ATSal S APt LEalOT PRI fé'ﬁfeé'&)h%t in

trassued, ehBetdhatnddias piredemiisatet Oc@rraspentet@i a state
ofV%PeCds{eV §i,90ak 95154'%95 re%&ﬁg&'y&é&%ﬁd@e{‘ﬁ% =tERE of

control arrangenent, in accor | hvent 1 on,
rehedthict s H81 i ] J8°and "ac CdPEEE et &6t | VEFSRn tO  Permit
cooverdigad. THhe aaccurabé detectidnings cenamcel“d byntyseg Led

trQﬁsﬂé%@an%thﬁef%5¥t EpgpgﬁfggﬁilﬂMﬂféﬂsE@Mg gﬁeﬁbrmltted

rowdedfor t he conveyor, 1 . e crane, eal
SOPGRRT" atitht e PAPBF Bk o S REAPREH: 7] &gte n” pfpfescimitely
coexia g raplporhventet b akelequiyirent protacty tdmesd is

asQ@h&ﬁt 1ﬂ”EHﬂh hﬂﬁﬁﬁ@@ﬂtcéﬁégﬁ @drbﬁgrébﬁﬁﬁﬂEHx) a velocity
Lilnter tug Lon, Acftli'%hseree %nggge Is that for the
nvente con? i e?n exceptl onal | y conpl ex
construction is reqwred Clalrrs 2 to 5, which are

sepaiat @bt daleaiednbehow., toneectrd heidontheol ianehitibe,

peg§§££rké¥lahmg Qﬁ@kééghfgiétﬁgteéﬁkon of an overload. This
accurate detection is enabled by use of redundant safety
components, which have been provided for the conveyor, i.e.,
for the c¢rane, the hoist and the aforesaid container bridge.
For example, the invented brake eguipment protects the object
under transport even during a power interruption. A further
advantage is that for the invented control system, no

exceptionally complex construction is reguired.

Claims 2 To 5, which are separately treated below,
concern the control and the design of the braking system. 1In

accord with claim 2, the brake system is designed to be spring



accord with claim2, the brake systemis designed to
be spring -3 |loaded and to possess conpressed air
features, whereby brakes can be di sengaged. The
control acts, in this case, by varying the governing
air pressure. In claim3, the conpressed air system
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In accord with claim 5, to regulate the speed of material
movement:, & slope curve ig provided as a control element
during motion of the transfer in the overload relief state.
This guidance functions in accord with an overstepping or an
understepping of a first or a second, i.e. an increased or a
decreaged, conveying speed. Such a frequency slope, permits
exact regulation of the brake equipment. Advantageously, the
slope of the frequency curve 1s so selectable, that feedback

from resulting brake action can generally be eliminated.



exact regulation of the brake equi pnent.

Advant ageously, the slope of the frequency curve is
so sel ectable, that feedback fromresulting brake
action can generally be elimnated. -4 Clains 6 to 8
concern a second brake design and the action thereof.
In this arrangenent, the operational safety during an
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Claim 8 presents a hydraulic valve, constructed in such a
manner, that the output pressure is so guickly decreased, that
the braking action takes place within a time range of 40 to 70

milliseconds.

The claims 92 and 10 concern the overlcocad signal and the
detection of an overload situation. In c¢laim 9, in
particular, the overload signal is released by means of an
overload coupling, wherein a separation of two halves of such
a coupling occurs. Putting this overiocad coupling to use to
generate an overload warning signal assures, that first, the

degired case of overload is detected and itg effect lessened



generate an overload warni ng signal assures, that
first, the desired case of overload is detected and
its effect | essened -5 and second that an erroneous
reaction of the control may occur. This is true,
particularly in cases wherein an overload situation
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possess a common control system.

Claim 14 presents an arrangement, whereln the control
acts upon the brake of one hoist or on the brake cf both
hoists, so that in a case of overleoad a positional trimming
correction can be carried cut. The trimming action is such
that the control orients the spreader so as to bring, for
example, a skewed, suspended container into a leveled and safe

position.

The present invention ig now described in greater detail
by means of reference to drawings illustrating one favorable

embodiment . There is shown in:



by means of reference to drawings illustrating one
favorabl e enbodinent. There is shown in: -6 Fig. 1. a
lifting device with two cabl e operated hoists,
designed for a container crane, Fig. 2: a detail of a
lifting device (fromFig. 1) including a schematic
presentation of a control arrangenent, and Fig. 3: a
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drive shaft furnishes power to a gear drive 2. The described
brake disk 9, 9' is governed by a brake caliper 11, 11
(hereinafter designated as "service brake"). The oubput shaft
12, 12' of the gear drive 2 acts through a coupling 13, 13°
upon a cable winding drum 14, 14' which, by means of a thereon
attached cable 15, 15', lifts or lowers an object in Lransport
16. The cable 15, 157, which c¢an be albt least doubled per
drum, is normally attached to a spreader to compensate for the
length of the object in trangport 16, which, for example, <an
be a shipboard container with hoisting clips at 1ts cornars.

The spreader is not shown.

On the drum 14, 147 is to be found an additional brake

disk 17, 17" upcn which a protective service brake 18, 18!
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controlled by the operational element 26, that a so-called
Joystick 27 eguipped box possegses trimming buttons 28, 28!
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brought to an even positioning by trimming.

If an overload condition ocgurs, the action will be as
follows: The overlcad coupling 7 ig set at a predetermined

maximal overload torque (as delivered from motor 5 to the



follows: The overload coupling 7 is set at a
predeterm ned naximl overload torque (as delivered
fromnotor 5 to the -8 drive shaft 10). If this set
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brakan, which clese upon spring loading and, by means of an
appropriate compressed alr apparatus, {not shown), which
oppoges the said spring, can be opened {i.e., released). Such
air equipment operates in many cases under hydraulic control,
that ig to say, an electric motor builds a hydraulic pressure
by means of a hydraulic pump in a piston cavity which acts to
oppose a loading spring. The corresponding piston, when
energized by a sufficiently high pressure, releases the brake
by means of a levered linkage. The release of the brake can
also be effected by other means, such as magnetic devices or
mechanical linkages. In the case of electrchydraulic brakes,
the brakes are closed when, because of the electrohydraulic

air apparatus, the pressure is sufficiently decreased. This
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al so be effected by other nmeans, such as magnetic
devi ces or nechanical linkages. In the case of

el ectrohydraulic brakes, the brakes are cl osed when,
because of the electrohydraulic air apparatus, the
pressure is sufficiently decreased. This -9 decrease
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milliseconds. There are alsc designs, whereby the braking can
take place more guickly than 40 milliseconds {(namely within 20
milliseconds) . In another ewbodiment, not shown here, the
brake 18 can act directly on the cable 15 or directly restrict
the output shaft 12, The service brake 11 is likewise closed

upon a signal from the control 30.

Immediately upon the detection of an overload occurrence,
the overload coupling 7 decouples itself, whereby the motor 5
ig freed from the drive train 3 and the brakes 11 and 18 close

as described above. Simuiltaneously, an activation of the
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t he out put shaft 12. The service brake 11 is |ikew se
cl osed wupon a signal fromthe control 30. Imrediately
upon the detection of an overload occurrence, the
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controlled, electric motor for the operation of a hydraulic
pump . The controlling freguency of the electric motor is
adjusted by contrel 3¢ through an installed frequency
converter. Az long as the speed of rotation detected by a
speed sensor 31 lies below a predetermined minimum value,
during which the lowering speed of the drum 14, 14' is also
pelow a set speed of rotation, the motor controlling frequency
is automatically allowed to increase and the Dbrakes are
correspondingly relaxed until a predetermined safe speed of
lowering is attained. At this desirable point, the controlled
fregquency to the motor is held constant. Should, however,

sensors show that the rotational speed of the drums 14, 147
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speed sensor 31 lies below a predeterm ned m ni mum
val ue, during which the |owering speed of the drum
14, 14" is also below a set speed of rotation, the
notor controlling frequency is automatically all owed
to increase and the brakes are correspondingly
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automatically reviewed, control 30 is deactivated and the
1ifting equipment in its totality is again placed under the

regulation of the crane control 25.

The control procedure for the left side of the lifting
equipment 1, as explained above, 1is equally valid for the
right side of the lifting equipment. In this way, the control
30 can be so designed, that is operates on both driving
halves, namely 3, 3'. However, the possibility exists, that
two interlocked controlling systems 30, 30' can be provided,

wherein, if reguired, they can even replace one another. This
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malﬁigﬁﬁﬁﬂg(ha PREUFBLLC, %e@Veﬂn CHHeVe@owe£{hé' Re@bation.
eration. addi ti ona

t
rosf Pl S B ¢ BOTHE cor b i ePipadTs, SRR aaR | T (R
drivenageidaseliobst r uctlcghr bfalt hepkifitionThe dbmee can be

adadeserd bed fﬁﬂﬁﬁ&@ed angl fiegubakt Oy asFARYeRBALNI So act in

cnbhgREn el erg L gomnection with the Ui fting
%e ainéer crané. The controlling

pr|n0|ple for a Iomerlng of
The above described contrel and regulation arrangement is

presented here in connection with the lifting eguipment of a
container crane. The controlling principle for a lowering of
the object heing lifted without driving power, after the
detection of an overload, c¢an be extended to cover the
requirements of other material handling egquipment including

elevators, cable cars, lifting eguipment, and the like.
Additional embodiments and alternates to the solution of

overloads become evident to the expert in the claims which
follow.
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the object being lifted without driving power, after
the detection of an overload, can be extended to
cover the requirenents of other material handling
equi pnment including elevators, cable cars, lifting
equi pnent, and the like. Additional enbodi nents and
alternates to the sol ut rggr@f overl oads becone
evident.i to the expert in the clains which follow
-13 CLAIM5 1. A control and regul ation arrangenment

L. fok &assurehgathe regvértoad %B@%ﬁvm@ﬁtaikﬁnVEy@ﬁlng the

ovedppal akuseyl) of eapefdna-bwr obhpp&Fang equi pnafdedsBiich of

encomnmpasse syst (11, ill, 18, 18') which
CraRL eQE‘HEﬂ? Whl gﬁoog ég%gratus a control (30) for

th% Barke b??aweensyéﬂtlem J(111’ 1181 JlBg, wipgh) acks owen| d46
conSeRsOlappaptrushi ch detects overload conditions and

| SSUESHAA0T LH5! nal,;af sakd spee d a-speaq,

sensorn?%%' jﬁ f%%>§ﬁ%|%%¢ ePecfs sgee o?ﬂ'obféc

(16) in transport and issues a signal of the sane,

what ebypveheogdnt seks¢:30) (eeact swupdn t Hetdriake systlemd

Con(ﬂ'g‘lor;bl andl8ssdd )k Icerfgéﬁ%sglggala%fo\éswo&%eﬁ gnak
in such g manner, that this syst

cohvEYEFS syEPER (19> dnd? t had pr & SéggscFﬁch%JggFEd ot
objeranspor tin( i63nsrand whéerebyeshe comedyof systseme(l) |

f O\lelzé)LVM taﬂes ubsaquent (s unl eadicrg Lﬁi(ﬂlnai.hd m@rwvgy@fem

1lsy 1 e%%%%at%%sgato ‘pkgp ge tO %ai lgns
h%? he" conveyor syst ? spondin

manph@, w@h@ht Clofs t e ol é@{OCﬂ‘iﬁ tthan§96ﬂeyce116§ysteéht )g and
thukNb ok cenkpadimig st ahesrangokbe (ot emaof the brake

Sy ter 1%he1%ohvégbr1§ gté { 1) CH% %o%gﬁ Qnﬁﬁﬁgé?ﬁent

ed |n eem
unlgﬁﬁmﬁ F%E’&?ﬁlt h%h%pégavesggnswswl (394, r%a)seﬁhaﬁh e e id
bloehkjget tbn ducanspor tx{dfi), i shatcausedctovepwe atst@m (1),

res B & ”@&eEXeCQQﬁﬁﬁﬂtcﬁpeﬁﬂam%ﬁfgd% the csahsbort (167,

Ing state. 2. control and. regul ation
entAFF angEMOAE Pforbied ek oran e diRgre A e ol
syssyst em ( 11, , 118, 18/ )18é$th;t@eg|gh@dconveyor system (1}
becomes so regulated in keeping with the signal from the speed

sensor (31; 24, 24') that the object in transport (16) is

%%? a

caused to move at an approximately constant speed within the

said unloading state.

2. A control and regulation arrangement in accord with claim
1, wherein the brake system (11, 11'. 18, 18') is designed
with spring loaded brakes having air modification and contrel

(30) regulates the said air modification.

3. A control and regulation arrangement in accord with claim
2, whaereby the air modification is designed as an
electrohydraulic air system while the control (30) includes a
frequency converter which regulates the said electrohydraulic

air system by means of variance of frequency.
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with spring | oaded brakes having air nodification and
control (30) regulates the said air nodification. 3.
A control and regulation arrangenent in accord with
claim 2, whereby the air nodification is designed as
an electrohydraulic air systemwhile the control (30)

4. ingludes a akaege&ﬁ%xleengeﬂ em\efﬁtcrh regulates ihe ..y

&%Id eIectrondra air_sy neans of variance

© SFeFPRY CETTREIN wco%ﬂﬂrlaFSaB]aer%fgtﬂ‘f&rlu Gheduency to

coraesewgtﬂena ﬁnoaﬁtdmdqmﬁmecmaVﬂr 3, whereby the
control (30) , adjusts the control frequency to
coprespon o.a_stor frequen rve.

S ool e PR E Rt T RN Oh o 1 a P Lain

4, whereby the control frequency profile is a slope
cuwesebyanﬂuev\/rternelamt Eee@mﬂcﬁ/olprb@@iedy@oal lar_rope curve,
HaOVel rs nveyo eed, follows an
|ncf§a§$ﬁ &%?e Sgﬁ%éisrgég 1%% erggerfrﬁP%%%ﬁr(ﬁ

flrﬁge?nveWﬁﬁnﬁEﬂ?QJnd@ﬁé@@ﬁpﬁﬁ@ kﬁceeaSéeeoﬁaee@%weyorloper

andSpﬁﬁﬂLeb&Olﬂh&mscémtkﬁﬂI nkmng, foegueney slceperefpidy of a

t at r cone

B R e R
over| oad signal blocks a second braking system (11,

6. 114, cdByroll8ind deguAacontretrangreeguliat honord with one

of SEEANGSHRG i %fg{ QMg BB BontPAr BBY0f Ngon an
ovef e bt MR as RaoR dhathiws W Ryttt 36 s,

18%.e., electrohydraulic, air elenent of the second
brake systenrin order to cause this elenent to create

Rlocked con &Ea 10 A co ntrolngnd regyhctrﬁgh clain

ar fahgéerent nn ac t R el a m 7, “here

6, hﬁﬁ#ﬁEV|éh@aP9@tT®2 3@2 FEB§1§6ﬁﬂeéH@ﬁB@UlﬁﬁaValY%e (32,
32! athﬁlc@fvéﬂvé hr-akevey stiemrakesrpl acea ivtdianlac, i.e.,

elecH g$%fmﬂdgf 4%1Eoeﬁgmghélb§e%8§d%ECﬁndA$££i%r§$]@ggjin

iOn " afrangenment I accor
Ordreér é@orwecrarﬁselwrereﬁy e tEvBr Pdesi gRafifion.
rel eased by nmeans of an overload coupling (7, 7'),

g . eSReebM&i a% Eeguﬁaea%&agr%ngcémeuaelﬁawccswmlrﬁgclam

contro and regu ul atio arran ement | acco
7, \mhﬁﬁeEYaFQﬁ hydraulic valve {] 9 18 8O d%s1gned that

the action of the brake system takes place within a duration

of 40 to 70 milliseconds.

9. A control and regulation arrangement in accord with one
of the foregoing claims, whereby the overload signal is
released by means of an overload coupling {7, 7'), especially

by the separation of the said coupling.

10. A control and regulation arrangement in accord with claim
9, whereby the separation of the overload coupling (7, 7') is
detected by means of a difference in speed of rotation between

twe halves of said coupling.
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9, whereby the separation of the overload coupling (7,
71) is detected by neans of a difference in speed of
rotati on between two halves of said coupling. -15 11.
A control and regulation arrangenent in accord with
claim 9, whereby the separation of the overl oad

11.CONPedMGo7 and' ﬁegﬁtﬁat@@heé:ileaglé%)ﬁeﬂt?aﬁ Dfct-heypas tdingm
gg rrttfsnt of StE3 ara 13’1§S£8 1_1t he |d c%ug\l}ml % ;hl

P héiRg “SerSed by P8 8V8§ Y yOuEw tEn! 712 ate

det@@h%ym rgppar af usenipelt ang omtveoknane’ regukbativen of the

saidl rangendy itRiaccRitdcwidd sbahdid sdntoq 18, whepebyidtihe
swiCOpveyor apparatus is designed as a cable hoist unit
wthin crane equipnent, or as a conponent of a
contalner crane installation. 13. Crane equipnent
12.W & h @rpelybrof agomegyer whii S 4 ncaseosd  andt hreb@idnion

m;g etMHCh ;s pai Lo ds-asynehy orylm%l n the verti %Lale§§ avel,

a contai ner spreader, where e sal d pai
Con?f%ﬁ%yﬁpatﬁﬂ% ﬁ&séﬂé%%g%e%oﬁﬁoﬁ GGH%? ofo{ o) Uiy within
cra@eargueguephentori naaceor dowgdrient| abim &3, cobierigen, crane
ins€Y1{0G ,@an overl oad occasi on, the synchronization of

the conveyor can be omtted, and the control (30)

caused to act, selectively in accord with the
13.overdmacegiignaht whth he praokeoBysteryetlunidd, in 18;cord
with8'Jla0h ang, |:ideotnid Nes COPMEYQfiUBHt Sin -die vertical
travel of & container gspreader, whereby the sald pair of

conveyor units posgess a common control (30).

14. Crane equipment in accord with claim 13, wherein, during
an overlcocad occcasion, the synchronization of the conveyor can
be omitted, and the control (30) caused to act, selectively in
accord with the overload signal, on the brake system (11, 117,

18, 18') of one, or both, the conveyor units.
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