TI TLE Synchroni zati on of spreader twi st-locks in twin |ift operations
TECHNI CAL" FI ELD The present invention relates to spreaders which are
connectable to a single container in single lift operations and optionally
to two containers connectable to the spreader in end facing relationship in
twin lift operations. Mdire specifically, the invention refers to a spreader
wherein the concurrent displacenents of |ocking neans are synchroni zed in
twin lift operations, wi thout the need for a nechani cal connection between
associ ated | ocking neans. In accordance herewith, the invention also
relates to a method for synchronizing the concurrent displacenents of inner
and outer |ocking neans in a spreader during twin |ift operations.
BACKGROUND AND PRIOR ART In the field of container handling in ports and
freight yards, rising demands for efficiency and reduced | oadi ng/ unl oadi ng
times | ead the devel opnent towards spreaders with capacity for the
sinultangﬁgizlift of two 20-feet containers, while the capacity for single
lift nee 0 be nmmintai ned. The spreaders adapted for single/twn
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BACKGROUND AND PRIOR ART

In the field of container handling in ports and freight yards, rising demands for effi-
ciency and reduced loading/unloading times lead the development towards spread-
ers with capacity for the simultaneous lift of two 20-feet containers, while the ca-
pacity for single lift needs to be maintained. The spreaders adapted for single/twin
operation conventionally are equipped with outer locking means carried in the ends
of extendable beams telescopically supported in a main beam, while inner locking
means are supported on the main beam and controllable between an operative posi-

tion allowing twin lift, and a non-operative position allowing single lift operation.

As used herein, the expression "twin lift operation” shall be understood as an op-
eration wherein two containers are handled simultaneously by the spreader, while
the containers are aligned with the end walls thereof facing each other. In twin lift
operations, the distance between inner and outer locking means is adjustable and
determined by the length of the container, or more precisely, by the center-to-center
distance between connection holes in each corner of the container, the corner cast-
ings. Additionally, in twin lift operations, there is a frequent need to adjust inter-
nally the distance between the two sets of locking means on the spreader with re-



spect to a spacing between the two containers to be handl ed. Cbvi ously,
upon connecting, a synchronization of the relative position between inner
and outer |ocking nmeans in both sets of |ocking nmeans is necessary for an
accurate lowering into the corner castings of the container. Likew se, a
synchroni zed di spl acenent of outer and inner |ocking neans is necessary in
lifting/lowering novenents while adjusting the spaci ng between the two
containers in a length direction. Synchronization is conventionally

provi ded through a controll abl e nmechani cal connection connecting the inner
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Typically, the spreader’s extendable beams are hydraulically powered in telescopic
movements. While hydraulic power thus conventionally is present on the spreader
for this purpose, also other moving elements on the spreader, such as the inner
locking means and the controllable mechanical links for synchronization of mo-
tions, are conveniently operated through hydraulic power, as are the lowering and
raising motions of the flipper arms and the lock/unlock rotation of the locking

means’ twist-locks.

However there is an increasing desire, not the least driven by environmental de-
mands, to depart from the use of oil in ports and in freight yards as well. The im-
plementation of environmentally clean power on spreaders includes the use of elec-
tricity and electric drive means. In the course of arriving at an all-electric spreader
design, several issues need to be addressed in order to achieve reasonable power
consumption and, consequently, reasonable dimensions and weight in motors and

transmissions.



SUMMVARY CF THE | NVENTI ON The present invention ains to address one or
several of the problens which are faced in connection with the design of
spreaders for single/twin |lift operation, and especially in connection with
all-electrically powered spreaders. In a central aspect thereof, the
present invention provides an extendabl e spreader for single/twin lift
operations wherein outer and inner |ocking nmeans are synchronized in
novenents longitudinally of the spreader w thout being |inked nmechanically.
This aspect of the invention is specifically advantageous in
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locking means, the pair of inner locking means is operable for displacement in the

length direction of the spreader through a second drive means which is separate

from a first drive means operative for displacement of the outer locking means

through extension/retraction of the extendable beam. The claimed invention ad-

vises that the first and second drive means are individually powered and separately

operated through a control system that synchronizes the concurrent displacements

of the outer and inner locking means without a mechanical connection being ar-

ranged between associated pairs of outer and inner locking means in exten-

sion/retraction movements.

The control system comprises detector means and power control means controlling
the power supply to the first and second drive means in result of a continuous de-
tection of displacement positions or/and displacement velocities of the outer and
inner locking means, respectively. The control system and power control means
may be arranged to adjust individually the operation of each said first and second

drive means in result of a detected relative position or/and relative velocity of the



outer and inner |ocking nmeans. To this purpose, |ength nmeasurenent devices
may be supported on the spreader nmain beam arranged to cooperate with
refl ector devices on the |ocking neans and effective for continuously
nmonitoring the positions of the outer and inner |ocking neans during
di spl acenents. In a preferred enbodi nent, the first and second drive neans
each has a power output shaft, each output shaft being associated with a
sensor detecting at each tine a rotary position or/and rotational velocity
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In connection with asynchronous drives, e.g., the control system may further com-
prise a current control by which current supply is adjusted in result of detected

power consumption at the output shafts.

The invention is advantageously applied to a spreader wherein the second drive
means comprises a motor driving an endless member running about a power out-
put shaft and an idler roller, a first pair of inner locking means connected to an up-
per part of the endless member and a second pair of inner locking means connected
to a lower part of the endless member. Likewise, the first drive means advanta-
geously comprises a motor driving an endless member running about a power out-
put shaft and an idler roller, a first pair of outer locking means connected to an up-
per part of the endless member via a first extendable beam, and a second pair of
outer locking means connected to a lower part of the endless member via a second

extendable beam.



I n accordance with the above, the invention also teaches a nethod for
synchroni zi ng the concurrent displacenents of associated outer and inner

| ocking means in longitudinal directions of a spreader designed for single
and twin lift operations, conprising the steps of feeding power
individually to separate first and second drive neans that are operative
for displacenent of the outer and inner |ocking neans, respectively, and
controlling the power supplies to the first and second drive neans for
synchroni zed di spl acenments w t hout connecting nechanically the associ ated
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shafts of the first and second drive means, comparing the relative positions or/and
relative velocities of the output shafts, and adjusting the rotary speeds of each out-
put shaft individually in result of a detected difference in rotary position or/and

rotational velocity.

In electrically operated spreaders, the method advantageously comprises the step of
providing AC-powered first and second drive means, and controlling the rotary
speeds of the output shafts in synchronization by adjusting the frequency in power
supply to the first and second drive means through separate AC frequency regula-
tors, feeding individually the first and second drive means. In this embodiment,
synchronization may comprise the step of reducing, at each occasion, the speed of
the fastest rotating output shaft until synchronization of displacement is reestab-



BRI EF DESCRI PTION OF THE DRAWNGS In the follow ng, the invention wll be
nore cl osely explained in connection to the drawings, illustrating
schematically the invention as realized through exanples thereof. In the
drawings, Fig. 1 schematically illustrates a spreader design in a side
view, Fig. 2 is a schematic top view of the spreader of fig. 1; Fig. 3 is a
bl ock di agram schematically illustrating the synchroni zed di spl acenent
control of inner and outer |ocking neans, and Fig. 4 is a block diagram
showi ng the synchronization control in nore detail; DETAI LED DESCRI PTI ON OF
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spreader mechanics is left out fromthe drawi ngs and di scl osure, on one
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suggested conbi nati on and i npl enentation of equi pnent that is avail able and

known from other industrial areas and for other purposes.
BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the invention will be more closely explained in connection to the
drawings, illustrating schematically the invention as realized through examples

thereof. In the drawings,
Fig. 1 schematically illustrates a spreader design in a side view,
Fig. 2 is a schematic top view of the spreader of fig. 1;

Fig. 3 is a block diagram schematically illustrating the synchronized displacement

control of inner and outer locking means, and
Fig. 4 is a block diagram showing the synchronization control in more detail;

DETAILED DESCRIPTION OF EXAMPLES OF THE INVENTION

Notwithstanding the diagrammatic representations of figs. 1-4, the spreader pro-
ducing industry and persons skilled in the art will certainly be capable to apply the
teachings set forth below in various mechanical designs for crane operated spread-
ers. Thus, the detailed spreader mechanics is left out from the drawings and disclo-
sure, on one hand in consideration of the invention being applicable in various
spreader designs, and on the other hand in view of the invention, which is con-
cerned with the control of synchronized locking-means displacements in a spreader
arranged for single/twin lift operations, being practicable by the suggested combi-
nation and implementation of equipment that is available and known from other

industrial areas and for other purposes.



Wth reference to figs. 1 and 2, reference nunber 1 denotes a spreader
adapted for single/twin |lift operations, and which is typically suspended
froma crane and operated in lifting/lowering novenents through crane

cabl es that connect to sheaves rotatable in a head-bl ock (not shown)
situated on top of the spreader main beam The spreader 1 conprises inner

| ocki ng means 2 and outer |ocking neans 3, connectable to the corner
castings of a single container and optionally to two containers connectabl e
intwinto the spreader 1 (containers not being illustrated in the
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Returning to the drawings 1 to 4 each said first and second drive neans
conprises a notor and transm ssion, including a power output shaft M and
My, respectively. Via the output shaft M2, the second drive neans 7 drives
an endl ess nenber 9, such as a chain or belt, engaged by the output shaft
M2 and running about an idler roller 10. A first pair of inner |ocking
means 21 is connected to an upper part of the endless nenber 9, and a
second pair of inner |ocking means 22 is connected to a | ower part of the
endl ess nenber 9. Thus, when the output shaft M2 is operated in a first
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In a similar way, the first drive means 8 drives an endless member 13 engaged by
the output shaft M; and running about an idler roller 14. A first pair of outer lock-



invention specifically advises the use of electric power in both first and
second drive neans 7 and 8. Accordingly, in a preferred enbodi nent of the
i nvention, the output shafts ML and M2 are electrically powered via AC
frequency regulators R1 and R 2, respectively, effective for adjusting the
frequency of supplied power individually to electric nmotors of the first
and second drive neans in result of a detected difference in rotary
positions or/and rotational velocities. Preferably, the control systemis
arranged to execute a reduction, at each occasion, of the AC frequency and
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be di mengionaflsPazethepnirdehRph@c. current consunption and utilized for
optim zing the velocity, such as in spreader sw tchover between single and
twin operation, or in container positioning during lift. Operator control
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t hr ough wreless ¢ nicatio he PLC, reference vyal ues repre-
shaft M; and M, is associated with a sensor S; and S;, respectively, detecting at

each time a rotary position or/and rotational velocity of the associated output shaft.

The sensors S; and Sz may be conventional rotary encoders connected to the output
shafts, e.g. The rotary positions/velocities are compared, and in case of a detected
difference in rotary position/velocity, synchronizafion is re-established by regulat-
ing the feed of power individually to the output shafts, through power regulators R,

and R, respectively.

Thus, the displacements of the outer and inner locking means in extension and re-
traction movements is continuously detected, and the operations of the first and
second drive means, represented by output shafts M; and Mz, respectively, are indi-
vidually adjusted in result of a detected difference in displacements of the outer and
inner locking means. The general concept laid out above would be applicable in
connection with hydraulic, or pneumatic, or even combustion power if appropriate.

However, in the course of arriving at environmentally safe technology, the present



senting synchroni zed positions and/or velocities for outer and inner

| ocki ng nmeans may be stored, and call ed upon by the operator for

ef fectuation through the control system System sub-controls 19 and 20 are
integrated for intervention on command fromthe PLC, or based on feedback
on velocity or/and position received fromthe control system as suggested
through the arrowed line P running fromsensor Si detecting rotary position
or/and rotational velocity of output shaft M, effective for displacenent
of the outer locking neans. In the drawing, the synbol 1/k represents a
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Iocklng means I n extension/retracti on novenents. .
portional/Integral-regulator 16. From the processor 16, a detected error in syn-
chronization is transferred to the power controls 17, controlling individually the op-
eration of the frequency regulators R; and Ra. A deviation in rotary position or/and
rotational velocity thus results in a command in the power controls 17, effecting a
corresponding actuation of the frequency regulators R; and Ra. Preferably, the fast-

est running drive is slowed down until synchronization is re-established.

In the case of asynchronous drives, current feedback is advantageously provided
from the regulators R; and Rz to the current control device 15. Thus, power feed
may be dimensioned based on detected current consumption and utilized for opti-
mizing the velocity, such as in spreader switchover between single and twin opera-

tion, or in container positioning during lift.
Operator control is provided through the PLC-unit 18 situated on-board the

spreader and communicating with the operator, conventionally through wires or

optionally through a wireless communication. In the PLC, reference values repre-
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2. The spreader of claim1l1l, wherein the control system conprises detector
means and power control neans controlling the power supply to the first and
second drive nmeans in result of a continuous detection of displacenment
positions or/and displacenent velocities of the outer and inner | ocking
means, respectively. 3. The spreader of claim?2, wherein the control
system and power control neans are arranged to adjust individually the
operation of each said first and second drive nmeans in result of a detected
relative position or/and relative velocity of the outer and inner | ocking
gea_nS- éknﬁlﬁg%yﬁ&ﬁr@a%ea p@éiﬁi@h@bﬁ&/%r veloctiesibeselen ahé iryidy 1oaang reaRat -
evi ces are.supported o e Spr er g c ate wit
ot | oot PGl PRaet i bef Sof ty T Shel R ol PR il PG By aRRE P

noni t or i sYgterheSystam shbreontpls Hhaed, 28 are itegratrsrfor BERIVARtioR aR SoRHaly

di spl acep®Atihe PLE; o h&sedncRe@ackiontlefddify ot/ 4ritl Positibiefedeivedl ini test and

second drive,neans each has ower. out put , shaft : , oyt put
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f e out.pu haf,t ng .
control HEFHLARYdAfer THE §°81 55 é%%‘a% hg Eresgg Hdggfoﬁlgit (%%‘{?af t
individually in result of a detected difference in rotary position or/and
rotati ongl oV gl Qfektric spréadel R sigRrBar@e Mbpd! R (Rot IMMRNE) dhrtibeid tHest and
second driyve rrgans ar 1e&?ectrl cgll A tﬁ)O@EI’Gd Vi a A%ig.rllelgu%?ﬁlyeg% allj(leators
(R : R2)SRdsgdf ‘EF’F‘G’%@%G 5HE? 8 i"ﬁéc RBSGF St RF oL BREA™GE °t hE FUEPUL shafts
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tainer.

Through the synchronization control described, a spreader for single/twin lift op-
erations is designed to have reduced weight and low power consumption, above the

advantage of environmentally safe power supply in an all-electrical spreader design.
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7. The spreader of claim®6, wherein the control systemis arranged to
reduce, at each occasion, the speed of the fastest rotating output shaft.
8. The spreader of clains 6 or 7, wherein the control systemfurther
conprises a current control (15) by which current supply is adjusted in
result of detected power consunption at the output shafts. 9. The spreader
of any of clains 1 to 8, wherein the second drive neans conprises a notor
(7) driving an endl ess nenber (9) running about a power output shaft (M)
and an idler roller (10), a first pair of inner |ocking nmeans (21)

connect edLAmisan upper part of the endl ess nmenber and a second pair of inner
| ocki ng nmeans (22) connected to a |lower part of the endless nenber. 10.
The spreader of any of clainms 1 to 9, wherein the first drive neans
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m?gh a control system that synchronizes the concurrent dis-
placements of the outer and inner locking means without a mechanical connection
being arranged between associated pairs of outer and inner locking means in exten-

sion/retraction movements.

2. The spreader of claim 1, wherein the control system comprises detector means
and power control means controlling the power supply to the first and second drive
means in result of a continuous detection of displacement positions or/and dis-

placement velocities of the outer and inner locking means, respectively.

3. The spreader of claim 2, wherein the control system and power control means are
arranged to adjust individually the operation of each said first and second drive
means in result of a detected relative position or/and relative velocity of the outer

and inner locking means.

4. The spreader of claims 1 to 3, wherein length measurement devices are sup-
ported on the spreader main beam, arranged to cooperate with reflector devices on
the locking means and effective for continuously monitoring the positions of the

outer and inner locking means during displacements.

5. The spreader of claims 1 to 3, wherein the first and second drive means each has
a power output shaft (Mi; M), each output shaft being associated with a sensor (Si;
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13. The method of claim 12, conprising the step of controlling the power
supply to the first and second drive neans in result of a continuous
detection of displacenent positions or/and displacenent velocities of outer
and inner |ocking means. 14. The nethod of claim 13, conprising the step
of adjusting individually the power supply to the first and second drive
means in result of a detected relative position or/and relative velocity of
the outer and inner |ocking neans. 15. The nmethod of clains 12 to 14,
conprising the step of nonitoring the positions of the outer and inner
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rotary p%lle p »etsried TR g \Pé’F’(S’é’PtcV/an OFE% of clai m 16,

conprising the step of providing AC-powered first and second drive neans,
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7. The spreader of claim 6, wherein the control system is arranged to reduce, at

each occasion, the speed of the fastest rotating output shaft.

8. The spreader of claims 6 or 7, wherein the control system further comprises a
current control (15) by which current supply is adjusted in result of detected power

consumption at the output shafts.

9. The spreader of any of claims 1 to 8, wherein the second drive means comprises
a motor (7) driving an endless member (9) running about a power output shaft (M)
and an idler roller (10), a first pair of inner locking means (2!) connected to an up-
per part of the endless member and a second pair of inner locking means (22 con-

nected to a lower part of the endless member.

10. The spreader of any of claims 1 to 9, wherein the first drive means comprises a
motor (8) driving an endless member (13) running about a power output shaft (M,)
and an idler roller (14), a first pair of outer locking means (3!) connected to an up-
per part of the endless member via a first extendable beam (4), and a second pair of
outer locking means (32) connected to a lower part of the endless member via a sec-

ond extendable beam (5).

11. The spreader of any previous claim, further comprising electrically operated

flipper arms and twist locks.
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19. The method of claim17, conprising the step of controlling the current
supply in result of detected current consunption at the output shafts.

12. A method for synchronizing the concurrent displacements of associated outer
and inner locking means in longitudinal directions of a spreader designed for single
and twin lift operations, comprising the steps of feeding power individually to sepa-
rate first and second drive means that are operative for displacement of the outer
and inner locking means, respectively, and controlling the power supplies to the
first and second drive means for synchronized displacements without connecting

mechanically the associated outer and inner locking means.

13. The method of claim 12, comprising the step of controlling the power supply to
the first and second drive means in result of a continuous detection of displacement

positions or/and displacement velocities of outer and inner locking means.

14. The method of claim 13, comprising the step of adjusting individually the power
supply to the first and second drive means in result of a detected relative position

or/and relative velocity of the outer and inner locking means.

15. The method of claims 12 to 14, comprising the step of monitoring the positions
of the outer and inner locking means through length measurement during dis-

placements.

16. The method of claims 12 to 14, comprising the step of detecting at each time the
rotary positions or/and rotational velocities of power output shafts of the first and
second drive means, reading the relative positions or/and relative velocities of the
output shafts, and adjusting the rotary speeds of each output shaft individually in
result of a detected difference in rotary position or/and rotational velocity.

17. The method of claim 16, comprising the step of providing AC-powered first and
second drive means, and controlling the rotary speeds of the output shafts in syn-
chronization by adjusting the frequency in power supply to the first and second
drive means through separate AC frequency regulators‘, feeding individually the first

and second drive means.

18. The method of claim 17, comprising the step of reducing, at each occasion, the
speed of the fastest rotating output shaft until synchronization of displacement is

reestablished.
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19. The method of claim 17, comprising the step of controlling the current supply in
result of detected current consumption at the output shafts.
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