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Description

[0001] This application is a continuation-in-part of Ap-
plication No. 12/349,929, filed January 7, 2009, which
claims priority under 35 U.S.C. § 119 of Provisional Ap-
plication No. 61/006,338, filed January 7, 2008, the dis-
closures of which are incorporated herein by reference
in their entirety. This application claims priority under 35
U.S.C. § 119 of Provisional Application No. 61/258,740,
filed November 6, 2009.

Technical Field

[0002] The present disclosure relates to an apparatus
and a method for wrapping a load with packaging mate-
rial, and more particularly, to dispensing packaging ma-
terial for wrapping a load based on demand.

Background

[0003] Various packaging techniques have been used
to build a load of unit products and subsequently wrap
them for transportation, storage, containment and stabi-
lization, protection and waterproofing. One system uses
wrapping machines to stretch, dispense, and wrap pack-
aging material around a load. The packaging material
may be pre-stretched before it is applied to the load.
Wrapping can be performed as an inline, automated
packaging technique that dispenses and wraps packag-
ing material in a stretch condition around a load on a
pallet to cover and contain the load. Stretch wrapping,
whether accomplished by a turntable, rotating arm, ver-
tical rotating ring, or horizontal rotating ring, typically cov-
ers the four vertical sides of the load with a stretchable
packaging material such as polyethylene packaging ma-
terial. In each of these arrangements, relative rotation is
provided between the load and the packaging material
dispenser to wrap packaging material about the sides of
the load.

[0004] Historically, wrappers have suffered from pack-
aging material breaks and limitations on the amount of
wrap force applied to the load (as determined in part by
the amount of pre-stretch used) due to erratic speed
changes required to wrap "non-square" loads, such as
narrow, tall loads, short, wide loads, and short, narrow
loads. The non-square shape of such loads often results
in the supply of excess packaging material during the
wrapping cycle, during time periods in which the demand
rate for packaging material by the load is exceeded by
the supply rate of the packaging material by the packag-
ing material dispenser. This leads to loosely wrapped
loads. In addition, when the demand rate for packaging
material by the load is greater than the supply rate of the
packaging material by the packaging material dispenser,
breakage of the packaging material may occur.

[0005] When wrapping a typical rectangular load, the
demand for packaging material varies, decreasing as the
packaging material approaches contact with a corner of

10

15

20

25

30

35

40

45

50

55

the load and increasing after contact with the corner of
the load. When wrapping a tall, narrow load or a short
load, the variation in the demand rate is even greater
thanin a typical rectangular load. In vertical rotating rings,
high speed rotating arms, and turntable apparatuses, the
variation is caused by a difference between the length
and the width of the load. In a horizontal rotating ring
apparatus, the variation is caused by a difference be-
tween the height of the load (distance above the convey-
or) and the width of the load. Variations in demand may
make it difficult to properly wrap the load. The problem
with variations is exacerbated when wrapping aload hav-
ing one or more dimensions that may differ from one or
more corresponding dimensions of a precedingload. The
problem may also be exacerbated when wrapping a load
having one or more dimensions that vary at one or more
locations of the load itself.

[0006] The amount of force, or pull, that the packaging
material exhibits on the load determines how tightly and
securely the load is wrapped. Conventionally, this wrap
force is controlled by controlling the feed or supply rate
of the packaging material dispensed by the packaging
material dispenser. For example, the wrap force of many
known commercially available stretch wrapping ma-
chines is controlled by attempting to alter the supply of
packaging material such that a relatively constant pack-
aging material wrap force is maintained. With powered
pre-stretching devices, changes in the force or tension
of the dispensed packaging material were monitored.
This has been accomplished using feedback mecha-
nisms typically linked to spring loaded dancer bars, elec-
tronic load cells, or torque control devices. The changing
force or tension of the packaging material caused by ro-
tating a rectangular shaped load is transmitted back
through the packaging material to some type of sensing
device which attempts to vary the speed of the motor
driven dispenser to minimize the change. The passage
of the corner causes the force or tension of the packaging
material to increase. Thisincrease is typically transmitted
back to an electronic load cell, spring-loaded dancer in-
terconnected with a sensing means, or to a torque control
device. After the corner is passed, the force or tension
of the packaging material reduces. This reduction is
transmitted back to some device that in turn reduces the
packaging material supply to attempt to maintain a rela-
tively constant wrap force or tension.

[0007] With the ever faster wrapping rates demanded
by the industry, the rotation speeds have increased sig-
nificantly to a pointwhere the concept of sensing changes
in force and altering supply speed in response loses ef-
fectiveness. The delay of response has been observed
to begin to move out of phase with rotation at approxi-
mately 20 RPM. The actual response time for the rotating
mass of packaging material roll and rollers approximating
100 Ibs must shift from accelerate to decelerate eight
times per revolution that at 20 RPM is a shift more than
every one half of a second.

[0008] Also significant is the need to minimize the ac-
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celeration and deceleration times for these faster cycles.
Initial acceleration must pull against clamped packaging
material, which typically cannot stand a high force espe-
cially the high force of rapid acceleration that cannot be
maintained by the feedback mechanisms described
above. Use of high speed wrapping has therefore been
limited to relatively lower wrap forces and pre-stretch lev-
els where the loss of control at high speeds does not
produce undesirable packaging material breaks.

[0009] The present disclosure is directed to overcom-
ing one or more of the above-noted problems, as well as
other problems in the art.

SUMMARY OF THE DISCLOSURE

[0010] According to an aspect of the present disclo-
sure, a control system for a wrapping apparatus may in-
clude a packaging material dispenser configured to dis-
pense packaging material for wrapping a load. The con-
trol system may also include at least one sensor assem-
bly configured to generate a signal based on instantane-
ous demand for packaging material at the load. The con-
trol system may further include a controller configured to
control operation of the packaging material dispenser
based at least in part on the signal.

[0011] According to another aspect of the present dis-
closure, an apparatus for wrapping a load may include a
packaging material dispenser. The packaging material
dispenser may include a dispensing drive configured to
drive the packaging material dispenser to dispense pack-
aging material. The apparatus may also include arelative
rotation assembly configured to provide relative rotation
between the packaging material dispenser and the load.
The apparatus may further include a first sensor assem-
bly configured to sense a characteristic indicative of in-
stantaneous demand for packaging material at the load.
The apparatus may also include a controller configured
to control operation of the dispensing drive based at least
in part on the instantaneous demand.

[0012] According to yet another aspect of the present
disclosure, a method for wrapping a load may include
driving a packaging material dispenser to dispense pack-
aging material with a dispensing drive. The method may
alsoinclude providing relative rotation between the pack-
aging material dispenser and the load. The method may
also include sensing a characteristic indicative of instan-
taneous demand for packaging material at the load. The
method may further include controlling operation of the
dispensing drive based at least in part on the instanta-
neous demand.

[0013] Additional objects and advantages of the dis-
closure will be set forth in part in the description which
follows, and in part will be obvious from the description,
or may be learned by practice of the disclosure. The ob-
jects and advantages of the disclosure will be realized
and attained by means of the elements and combinations
particularly pointed out in the appended claims.

[0014] It is to be understood that both the foregoing
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general description and the following detailed description
are exemplary and explanatory only and are not restric-
tive of the disclosure, as claimed.

[0015] The accompanying drawings, which are incor-
porated in and constitute a part of this specification, il-
lustrate embodiments of the disclosure and together with
the description, serve to explain the principles of the dis-
closure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

FIG. 1 shows atop view of a first exemplary wrapping
apparatus according to one aspect of the present
disclosure;

FIG. 2 is a schematic showing an exemplary control
system according to one aspect of the present dis-
closure;

FIG. 3 shows atop view of a second exemplary wrap-
ping apparatus according to another aspect of the
present disclosure;

FIG. 4 shows a top view of a third exemplary wrap-
ping apparatus according to yet another aspect of
the present disclosure;

FIG.5is atop view of a packaging material dispenser
and a load, according to one aspect of the present
disclosure;

FIG. 6 is a side view of the load of FIG. 5, according
to the present disclosure;

FIG. 7 isatop view of a packaging material dispenser
and a load, according to another aspect of the
present disclosure.

FIG. 8 is atop view of a packaging material dispenser
and a load, according to another aspect of the
present disclosure.

FIG.9is atop view of a packaging material dispenser
and a load, according to another aspect of the
present disclosure.

DESCRIPTION OF THE EXEMPLARY EMBODI-
MENTS

[0017] Reference will now be made in detail to present
embodiments of the disclosure, examples of which is il-
lustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used through-
out the drawings to refer to the same or like parts. Doc-
uments U.S. Patent No. 4,418,510, entitled "STRETCH
WRAPPING APPARATUS AND PROCESS," and filed
April 17,1981; U.S. Patent No. 4,953,336, entitled "HIGH
TENSILE WRAPPING APPARATUS," and filed August
17, 1989; U.S. Patent No. 4,503,658, entitled "FEED-
BACK CONTROLLED STRETCH WRAPPING APPA-
RATUS AND PROCESS," and filed March 28, 1983; U.S.
Patent No. 4,676,048, entitled "SUPPLY CONTROL RO-
TATING STRETCH WRAPPING APPARATUS AND
PROCESS," and filed May 20, 1986; U.S. Patent No.
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4,514,955, entitted "FEEDBACK CONTROLLED
STRETCHWRAPPING APPARATUS AND PROCESS,"
andfiled April 6,1981; U.S. Patent No. 6,748,718, entitled
"METHOD AND APPARATUS FOR WRAPPING A
LOAD," and filed October 31, 2002; U.S. Patent Appli-
cation Publication No. 2006/0248858, entitled "METHOD
AND APPARATUS FOR DISPENSING A PREDETER-
MINED FIXED AMOUNT OF PRE-STRETCHED FILM
RELATIVE TO LOAD GIRTH," filed April 6, 2006; U.S.
Patent Application Publication No. 2007/0209324, enti-
tled "METHOD AND APPARATUS FOR SECURING A
LOAD TO A PALLET WITH A ROPED FILM WEB," and
filed February 23, 2007; U.S. Patent Application Publi-
cation No. 2007/0204565, entitled "METHOD AND AP-
PARATUS FOR METERED PRE-STRETCH FILM DE-
LIVERY," and filed September 6, 2007; U.S. Patent Ap-
plication Publication No. 2007/0204564, entitled "RING
WRAPPING APPARATUS INCLUDING METERED
PRE-STRETCH FILM DELIVERY ASSEMBLY," and
filed February 23,2007; and U.S. Patent Application Pub-
lication No. 2009/0178374, entited "ELECTRONIC
CONTROL OF METERED FILM DISPENSING IN A
WRAPPING APPARATUS," and filed January 7, 2009,
are also in the wrapping field.

[0018] According to one aspect of the present disclo-
sure, a wrapping apparatus 100, shown in FIG. 1, may
include a roll carriage 132 mounted on a rotating arm
112. Roll carriage 132 may include a packaging material
dispenser 116. Packaging material dispenser 116 may
be configured to dispense packaging material 118 as ro-
tating arm 112 rotates relative to a load 104 to be
wrapped. In an exemplary embodiment, packaging ma-
terial dispenser 116 may be configured to dispense
stretch wrap packaging material. As used herein, stretch
wrap packaging material is defined as material having a
high yield coefficient to allow the material a large amount
of stretch during wrapping. However, it is possible that
the apparatuses and methods disclosed herein may be
practiced with packaging material that will not be pre-
stretched prior to application to the load. Examples of
such packaging material include netting, strapping,
banding, or tape.

[0019] Packaging material dispenser 116 may include
a pre-stretch assembly 120 configured to pre-stretch
packaging material before it is applied to load 104 if pre-
stretching is desired, or to dispense packaging material
to load 104 without pre-stretching. Pre-stretch assembly
120 may include atleast one packaging material dispens-
ingroller, including, for example, an upstream dispensing
roller 121 and a downstream dispensing roller 122. It is
contemplated that pre-stretch assembly 120 may include
an assembly of pre-stretch rollers and idle rollers, similar
to those described in U.S. Patent Application Publication
Nos. 2006/0248858,2007/0204565, 2007/0204564, and
2009/01 78374. Additional or fewer rollers may be used
as desired.

[0020] The terms "upstream" and "downstream," as
used in this application, are intended to define positions
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and movement relative to the direction of flow of pack-
aging material 118 as it moves from packaging material
dispenser 116 to load 104. Movement of an object toward
packaging material dispenser 116, away from load 104,
and thus, against the direction of flow of packaging ma-
terial 118, may be defined as "upstream." Similarly,
movement of an object away from packaging material
dispenser 116, toward load 104, and thus, with the flow
of packaging material 118, may be defined as "down-
stream." Also, positions relative to load 104 (or a load
support surface 102) and packaging material dispenser
116 may be described relative to the direction of pack-
aging material flow. For example, when two pre-stretch
rollers are present, the pre-stretch roller closer to pack-
aging material dispenser 116 may be characterized as
the "upstream" roller and the pre-stretch roller closer to
load 104 (or load support surface 102) and further from
packaging material dispenser 116 may be characterized
as the "downstream" roller.

[0021] A packaging material drive system 124, includ-
ing, for example, an electric motor 126, may be used to
drive dispensing rollers 121 and 122. For example, elec-
tric motor 126 may rotate downstream dispensing roller
122. Downstream dispensing roller 122 may be opera-
tively coupled to upstream dispensing roller 121 by a
chain and sprocket assembly, such that upstream dis-
pensing roller 121 may be driven in rotation by down-
stream dispensing roller 122. Other connections may be
used to drive upstream roller 121 or, alternatively, a sep-
arate drive (not shown) may be provided to drive up-
stream roller 121.

[0022] Downstream dispensing roller 122, and/or
packaging material 118 dispensed thereby, may be mon-
itored for the purposes of determining the rotational
speed of downstream dispensing roller 122, the number
of rotations undergone by downstream dispensing roller
122, the amount and/or speed of packaging material dis-
pensed by downstream dispensing roller 122, and/or one
or more performance parameters indicative of the oper-
ating state of packaging material drive system 124, in-
cluding, for example, a speed of packaging material drive
system 124. The monitored characteristics may also pro-
vide an indication of the amount of packaging material
118 being dispensed and wrapped onto load 104.
[0023] One way of monitoring is via use of a sensor
assembly 128. Inone embodiment, sensorassembly 128
may be configured to sense rotation of downstream dis-
pensing roller 122. Sensor assembly 128, as shown in
FIG. 2, may include one or more magnetic transducers
138 mounted on downstream dispensing roller 122, and
a sensing device 140 configured to generate a pulse
when the one or more magnetic transducers 138 are
brought into proximity of sensing device 140. Alternative-
ly, sensor assembly 128 may include an encoder config-
ured to monitor rotational movement. The encoder may
be capable of producing 720 signals per revolution of
downstream dispensing roller 122 to provide an indica-
tion of the speed or other characteristic of rotation of
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downstream dispensing roller 122. The encoder may be
mounted on a shaft of downstream dispensing roller 122,
on electric motor 126, and/or any other suitable area.
One example of a sensor assembly that may be used is
a Sick 7900266 Magnetic Sensor and Encoder. Other
suitable sensors and/or encoders known in the art may
be used for monitoring, such as, for example, magnetic
encoders, electrical sensors, mechanical sensors, pho-
todetectors, and/or motion sensors. Sensor assembly
128 may generate a drive signal based at least in part
on the monitored characteristics.

[0024] Instantaneous demand for packaging material
118 at the load 104 may be determined and/or approxi-
mated for control purposes, such as for controlling pack-
aging material dispensing. As used herein, the term "de-
mand" may be defined as the quantity of packaging ma-
terial needed to wrap at least a portion of the load to
achieve a desired wrap force and/or containment force.
As used herein, wrap force is defined as the force exerted
on the load by an individual web of packaging material
applied to the load. As used herein, containment force is
defined as the force exerted on the load by cumulative
layers of packaging material. The containment force may
be generated by the wrap forces exerted on the load by
multiple layers of packaging material. The term "instan-
taneous demand" may be defined as the demand for
packaging material at a load at a particular instant. There
are many ways to determine values indicative of instan-
taneous demand. The instantaneous demand may be
characterized as the speed an unstretchable material
(e.g., a wire) would be dispensed from the packaging
material dispenser onto the load if the unstretchable ma-
terial was drawn from the packaging material dispenser
by relative rotation between the packaging material dis-
penser and the load, with a speed of the relative rotation
remaining substantially constant.

[0025] Forawrapping apparatus with a packaging ma-
terial dispenser that rotates around a stationary load
(e.g., arotating arm apparatus or a rotating ring appara-
tus), the instantaneous demand may be represented or
approximated by a line extending perpendicularly from
the rotational axis of the packaging material dispenser
to a plane defined by a surface of a length of the pack-
aging material that extends between the packaging ma-
terial dispenser and the load. For a wrapping apparatus
with a rotating load instead of a rotating packaging ma-
terial dispenser, such as a rotating turntable apparatus,
the instantaneous demand may be represented or ap-
proximated by a line extending perpendicularly from the
rotational axis of the rotating turntable to the plane. Ad-
ditionally or alternatively, the instantaneous demand may
be represented or approximated by a line extending ra-
dially from the rotational axis of the packaging material
dispenser to a point on the surface of the load (for a ro-
tating packaging material dispenser), or by a line extend-
ing radially from the rotational axis of the rotating turnta-
ble to a point on the surface of the load (for a rotating
load). Additionally or alternatively, the instantaneous de-
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mand may be represented or approximated by a line ex-
tending from a point on the packaging material dispenser
to a plane defined by a surface of a length of the pack-
aging material that extends between the packaging ma-
terial dispenser and the load.

[0026] For example, as shown in FIG. 5, when the
packaging material dispenser is in the position shown
(relative to the load) while wrapping a bottom portion of
the load, the instantaneous demand at that instant may
be represented or approximated by R1. When the pack-
aging material dispenserisin the position shown (relative
to the load) while wrapping a middle portion of the load,
the instantaneous demand at that instant may be repre-
sented or approximated by R2. Further, when the pack-
aging material dispenserisin the position shown (relative
to the load) while wrapping a top portion of the load 104,
the instantaneous demand at that instant may be repre-
sented or approximated by R3. Thus, it should be under-
stood that for wrapping a load like the one shown in FIG.
5, the instantaneous demand may change during wrap-
ping as the characteristics of the portion of the load being
wrapped change. The varying profile of the load in FIG.
5 may be due to the load being composed of units that
have different sizes and/or dimensions, that may be
stacked together to form the load.

[0027] FIG. 7 shows representations or approxima-
tions of instantaneous demand for top, middle, and bot-
tom portions of an irregularly shaped load when the pack-
aging material dispenserisin the position shown (relative
to the load). The instantaneous demand while wrapping
the top portion may be represented or approximated by
R4, the instantaneous demand while wrapping the middle
portion may be represented or approximated by R5, and
the instantaneous demand while wrapping the bottom
portion may be represented or approximated by R6.
[0028] Even during portions of the wrapping cycle
where the characteristics of the portion of the load being
wrapped do not change, the instantaneous demand may
change. For example, in FIG. 5, as the packaging mate-
rial dispenser is wrapping the bottom portion of the load,
when the packaging material dispenser is in the position
shown (relative to the load), the instantaneous demand
may be represented or approximated by R1. If the pack-
aging material dispenser rotates in the counterclockwise
direction, then upon reaching an eight o’clock position in
FIG. 5, the instantaneous demand may be represented
or approximated by a line R1’. R1’ is shorter than R1,
thus indicating that the instantaneous demand de-
creased as the packaging material dispenser traveled
from the position shown to the eight o’clock position. The
instantaneous demand decreased even though the char-
acteristics of the bottom portion of the load did not
change. The change in instantaneous demand is due to
the shape of the bottom portion of the load. The instan-
taneous demand will increase when the length of pack-
aging material between packaging material dispenser
and the load contacts a corner of the load, and may con-
tinue to increase for a period of time thereafter. However,
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as the length of the packaging material moves toward a
face of load, the instantaneous demand will begin to de-
crease until the next corner is encountered.

[0029] Instantaneous demand can also be represent-
ed or approximated using a speed of packaging material
dispensed by the packaging material dispenser at a lo-
cation between the packaging material dispenser and
the load. Further explanation will be provided in subse-
quent paragraphs.

[0030] Instantaneous demand can also be represent-
ed or approximated using a distance measurement from
a rotational axis of the packaging material dispenser to
a point on a surface of the load, taken along a line ex-
tending from the rotational axis to a point on, for example,
the packaging material dispenser (for a wrapping appa-
ratus where the packaging material dispenser rotates
around the load). Additionally or alternatively, the instan-
taneous demand can be represented or approximated
using a distance measurement from a rotational axis of
a rotating turntable to a point on a surface of the load,
taken along a line extending from the rotational axis to a
point on the packaging material dispenser. Such distance
measurements are shown in FIG. 8. The measured dis-
tance may change during relative rotation between the
packaging material dispenser and the load. Further ex-
planation will be provided in subsequent paragraphs.
[0031] Instantaneous demand can also be represent-
ed or approximated using a distance measurement from
a point on, for example, the packaging material dispens-
er, to a plane defined by a surface of a length of the
packaging material that extends between the packaging
material dispenser and the load. The measured distance
is indicative of an angle between a reference line extend-
ing from the point to a point on a surface of a dispensing
roller of the packaging material dispenser at which pack-
aging material leaves the dispensing roller, and the plane
defined by the surface of the length of the packaging
material extending between the packaging material dis-
penser and the load. Such a distance measurement is
shown in FIG. 9. Further explanation will be provided in
subsequent paragraphs.

[0032] Asdescribed above,theinstantaneousdemand
maps characteristics of the load, including, for example,
the shape of the load, one or more dimensions of the
load, and/or a position of the load relative to the packag-
ing material dispenser. That is, as one or more charac-
teristics changes, the instantaneous demand changes
accordingly. Thus, by monitoring the instantaneous de-
mand (e.g., taking periodic or continuous measure-
ments), characteristics of the load can be modeled.
[0033] By controlling the packaging material drive sys-
tem based at least in part on the instantaneous demand,
adjustments can be made in response to the variations
described above. Thus, loads may be properly wrapped
in a consistent manner even though different portions of
the load being wrapped have different features or char-
acteristics, or one load to be wrapped has features or
characteristics that differ from those of another load to
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be wrapped. By controlling wrapping of the load as the
instantaneous demand changes it may be possible to
obtain more consistently wrapped loads, reduce costs
by decreasing the likelihood of packaging material breaks
and ensuring that excess packaging material is not dis-
pensed, wrap a wide variety of loads regardless of their
characteristics, and improve throughput by allowing ad-
justments to settings to be made automatically.

[0034] Three exemplary ways of determining and/or
approximating the instantaneous demand for control pur-
poses will now be described. A first way that the instan-
taneous demand may be determined and/or approximat-
ed is by monitoring one or more characteristics of dis-
pensed packaging material 118D extending between
load 104 and downstream dispensing roller 122. As
shownin FIG. 1, dispensed packaging material 118D can
have either of two orientations, one shown in solid black
line (where packaging material dispenser 116 rotates in
a counterclockwise direction) and the other shown in
dashed black line (where packaging material dispenser
116 rotates in a clockwise direction). The one or more
characteristics of dispensed packaging material 118D
may be monitored using a sensor assembly 136 shown
in FIG. 1. As dispensed packaging material 118D moves
from downstream dispensing roller 122 to load 104, sen-
sor assembly 136 may be configured to sense, for ex-
ample, a speed of rotation of an idle roller 134 engaging
dispensed packaging material 118D, a speed of dis-
pensed packaging material 118D, and/or an amount of
dispensed packaging material 118D. Changes in the
monitored characteristics may map changes in the in-
stantaneous demand for packaging material 118 at load
104, and may stem from changes in the size, shape,
and/or placement of load 104 relative to packaging ma-
terial dispenser 116. Thus, as the size, shape, and/or
placement of load 104 changes, the instantaneous de-
mand may change in response, and as the instantaneous
demand changes, one or more of the characteristics of
dispensed packaging material 118D monitored by sensor
assembly 136 may change in response.

[0035] As one example, sensor assembly 136 may be
configured to monitor the rotation of idle roller 134, posi-
tioned downstream from dispensing roller 122 and con-
figured to engage dispensed packaging material 118D.
This monitoring may be for purposes of sensing the ro-
tational speed of idle roller 134. Sensor assembly 136
may include components similar to those in sensor as-
sembly 128. One example of a sensor assembly that may
be used is a Sick 7900266 Magnetic Sensor and Encod-
er. Other suitable sensors and/or encoders known in the
art may be used for monitoring, such as, for example,
magnetic encoders, electrical sensors, mechanical sen-
sors, photodetectors, and/or motion sensors.The instan-
taneous demand and the monitored characteristics of
dispensed packaging material 118D may be linked. For
example, an increase in the instantaneous demand may
produce an increase in the speed of dispensed packag-
ing material 118D, the amount of dispensed packaging
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material 118D, and/or the speed of rotation of idle roller
134, while a decrease in the instantaneous demand may
produce a decrease in the speed of dispensed packaging
material 118D, the amount of dispensed packaging ma-
terial 118D, and/or the speed of rotation of idle roller 134.
One reason for this is that as the instantaneous demand
increases, load 104 tends to draw packaging material
118 more quickly over idle roller 134, and when instan-
taneous demand decreases, load 104 tends to draw
packaging material 118 more slowly over idle roller 134.
Thus, sensor assembly 136, by monitoring the speed of
rotation of idle roller 134 during wrapping, monitors the
instantaneous demand for packaging material 118 at the
portion of load 104 being wrapped. Accordingly, the sig-
nal generated by sensor assembly 136, based on mon-
itoring the speed of rotation of idle roller 134, is indicative
of instantaneous demand at the portion of load 104 being
wrapped. As the instantaneous demand increases (pro-
ducing an increase in the speed of rotation of idle roller
134), the instantaneous demand signal from sensor as-
sembly 136 may increase. As the instantaneous demand
decreases (producing a decrease in the speed of rotation
of idle roller 134), the instantaneous demand signal from
upstream sensor assembly 136 may decrease.

[0036] Additionally or alternatively, one or more char-
acteristics of dispensed packaging material 118D may
be monitored with another sensor assembly, similar to
sensor assembly 136, but positioned to engage a differ-
ent portion of dispensed packaging material 118D. This
other sensor assembly may include, for example, a sen-
sorassembly 114 configured to monitor anidle roller 133.
Idle roller 133 may be similar to idle roller 134. Sensor
assembly 114 may also generate an instantaneous de-
mand signal based on the one or more sensed charac-
teristics.

[0037] A second way that the instantaneous demand
may be determined and/or approximated, in addition to
or as an alternative to the first way, is by using a distance
measuring device 137 (see FIG. 8), including, for exam-
ple, a photoeye, proximity detector, laser distance meas-
urer, ultrasonic distance measurer, electronic rangefind-
er, and/or any other suitable distance measuring device,
to provide an signal indicative of instantaneous demand.
Exemplary distance measuring devices may include, for
example, an IFM Effector 01D100 and a Sick
UM30-213118 (6036923).

[0038] AsshowninFIG. 8, distance measuring device
137 may be placed on or near packaging material dis-
penser 116. For example, distance measuring device
137 may be mounted on roll carriage 132 which supports,
and therefore moves vertically and in rotation with, pack-
aging material dispenser 116. Distance measuring de-
vice 137 measures a distance between itself and a sur-
face point on load 104, along a line extending radially
from a center of rotation 139 of packaging material dis-
penser 116. The measured distance may be subtracted
from a known distance between the distance measuring
device 137 and the center of rotation 139 to find a radial
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distance between the center of rotation 139 and the sur-
face point on load 104. The calculated distance may pro-
vide an indication of instantaneous demand.

[0039] InFIG. 8,line L1 represents the distance meas-
ured by distance measuring device 137 when packaging
material dispenser 116 and load 104 are in the position
shown. Line L1’ in FIG. 8 represents the radial distance
found by subtracting the measured distance L1 from the
known distance between the distance measuring device
137 and the center of rotation 139. As relative movement
takes place between the packaging material dispenser
116 and the load 104, packaging material dispenser 116
may occupy positions where the lines L2, L3, and L4
represent the distance measured by distance measuring
device 137, in which case lines L2’, L3’, and L4’, respec-
tively, represent the radial distances found by subtracting
the measured distances from the known distance be-
tween the distance measuring device 137 and the center
of rotation 139. It is also contemplated that distance
measuring device 137 may be selectively movable on a
track or other adjustable mounting such that distance
measuring device 137 may occupy positions correspond-
ingtothose shownatlines L2, L3, and L4 while packaging
material dispenser 116 is in the position shown in FIG. 8.
[0040] Signals generated by distance measuring de-
vice 137 may provide data on the measured distances
and/or the calculated radial distances. These signals may
provide an indication or approximation of instantaneous
demand at the surface pointonload 104 where the meas-
urement is taken. As the instantaneous demand increas-
es (exemplified by an increase in the radial distance be-
tween the center of rotation 139 and the surface point on
load 104), the instantaneous demand signal from dis-
tance measuring device 137 may increase. As the in-
stantaneous demand decreases (exemplified by a de-
crease in the radial distance between the center of rota-
tion 139 and the surface point on load 104), the instan-
taneous demand signal from distance measuring device
137 may decrease. The signals from distance measuring
device 137 may be sent to controller 170 together with
signals indicative of relative rotation speed, allowing con-
troller 170 to adjust wrap settings.

[0041] Distance measuring device 137 may be posi-
tioned on or near packaging material dispenser 116 such
that distance measuring device 137 may be used to an-
ticipate changes in the instantaneous demand. For ex-
ample, distance measuring device 137 may be posi-
tioned at a location on or near a forward end of packaging
material dispenser 116. This may allow distance meas-
uring device 137 to measure the distance to a portion of
load 104 that is not yet being wrapped. By determining
the instantaneous demand at that portion of load 104,
controller 170 may anticipate the instantaneous demand
at that portion. This may provide controller 170 with ad-
ditional time to adjust operational settings based on the
anticipated instantaneous demand. For example, con-
troller 170 may gradually adjust operational settings over
a period of time to prevent spikes in force on packaging
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material 118, and/or to ensure smoother running of pack-
aging material dispenser 116. It should be understood
that a calculated delay may be required to align packag-
ing material dispensing with the instantaneous demand
determined and/or approximated using distance meas-
uring device 137.

[0042] A third way that the instantaneous demand may
be determined and/or approximated, in addition to or as
an alternative to the first and second ways, is by using a
distance measuring device 141 (see FIG. 9), including,
for example, a photoeye, proximity detector, laser dis-
tance measurer, ultrasonic distance measurer, electronic
rangefinder, and/or any other suitable distance measur-
ing device, to provide a signal indicative of instantaneous
demand. Exemplary distance measuring devices may in-
clude, for example, an IFM Effector 01 D100 and a Sick
UM30-213118 (6036923).

[0043] AsshowninFIG.9, distance measuring device
141 may be placed on or near packaging material dis-
penser 116. For example, distance measuring device
141 may be mounted on roll carriage 132. Distance
measuring device 137 measures a distance between it-
self and a point on a surface of dispensed packaging
material 118D. The measured distance, identified with
reference numeral 145in FIG. 9, corresponds to an angle
between a reference line 143 (extending from a tangent
point on idle roller 134 and center of rotation 139) and a
plane defined by the surface of dispensed packaging ma-
terial 118D. The measured distance and/or the angle pro-
vide an indication or approximation of the instantaneous
demand for packaging material 118 at the portion of load
104 being wrapped.

[0044] Signals generated by distance measuring de-
vice 141 may provide data on the measured distances
and/or angles. Thus, these signals may be indicative of
instantaneous demand at the surface point on load 104
being wrapped. As the instantaneous demand increases
(exemplified by an increase in the measured distance or
angle), the instantaneous demand signal from distance
measuring device 141 may increase. As the instantane-
ous demand decreases (exemplified by a decrease in
the measured distance or angle), the instantaneous de-
mand signal from distance measuring device 141 may
decrease. The signals from distance measuring device
141 may be sent to controller 170 together with signals
indicative of relative rotation speed, allowing controller
170 to adjust wrap settings.

[0045] By controlling the relationship between the op-
eration of packaging material drive 124 and the instan-
taneous demand, as determined and/or approximated
using one or more of the ways described above, appa-
ratus 100 may wrap at least a portion of load 104 at a
desired and/or predetermined payout percentage even
as conditions change. The word "predetermined," as
used herein, means "determined and set in advance."
Values described herein as "predetermined" may include
values determined through, for example, experimenta-
tion, analysis of historical performance data, use of math-
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ematical equations and formulas, measurement, and/or
any other suitable ways of making determinations, that
are setin advance (e.g., before starting a wrapping cycle
or during a wrapping cycle as conditions change) to
achieve a desired goal. As used herein, the phrase "pay-
out percentage" is defined as a ratio of the amount of
packaging material dispensed for at least a portion of a
wrapping cycle to the demand for packaging material at
the load for that same portion of the wrapping cycle.
[0046] The desired and/or predetermined payout per-
centage may be input into apparatus 100 by a machine
operator. A controller 170 (shown in FIG. 2), or any other
suitable computing device, may determine, based on the
payout percentage, and signals from sensing assembly
136, distance measuring device 137, and/or distance
measuring device 141 (which provide indications or ap-
proximations of instantaneous demand), the length of
packaging material 118 that should be dispensed for a
period of time or portion of a relative revolution between
packaging material dispenser 116 and load 104. For ex-
ample, if the operator enters a payout percentage of
110%, and the instantaneous demand is 111 inches for
a period of time, then the output from packaging material
dispenser 116 for that period of time may be approxi-
mately 121 inches of packaging material 118. If the op-
erator enters a payout percentage of 100%, then the out-
put from packaging material dispenser 116 for the same
instantaneous demand of 111 inches would be approxi-
mately 111 inches of packaging material 118.

[0047] Wrapping apparatus 100 may include arelative
rotation assembly 106 configured to rotate rotating arm
112, and thus, packaging material dispenser 116 mount-
ed thereon, relative to load 104 as load 104 is supported
on load support surface 102. Relative rotation assembly
106 may include a rotational drive system 108, including,
for example, an electric motor 110. It is contemplated
that rotational drive system 108 and packaging material
drive system 124 may run independently of one another.
Thus, rotation of dispensing rollers 121 and 122 may be
independent of the relative rotation of packaging material
dispenser 116 relative to load 104. This independence
allows alength of packaging material 118 to be dispensed
per a portion of relative revolution that is neither prede-
termined or constant. Rather, the length may be adjusted
periodically or continuously based on changing condi-
tions.

[0048] Wrapping apparatus 100 may further include a
lift assembly 146. Lift assembly 146 may be powered by
a lift drive system 148, including, for example, an electric
motor 150, that may be configured to move roll carriage
132 vertically relative to load 104. Lift drive system 148
may drive roll carriage 132, and thus packaging material
dispenser 116, upwards and downwards vertically on ro-
tating arm 112 while roll carriage and packaging material
dispenser 116 are rotated about load 104 by rotational
drive system 108, to wrap packaging material spirally
about load 104.

[0049] An exemplary schematic of a control system
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160 for wrapping apparatus 100 is shown in FIG. 2. Ro-
tational drive system 108, packaging material drive sys-
tem 124, and lift drive system 148 may communicate
through one or more data links 162 with a rotational drive
variable frequency drive ("VFD") 164, a packaging ma-
terial drive VFD 166, and a lift drive VFD 168, respec-
tively. Rotational drive VFD 164, packaging material drive
VFD 166, and lift drive VFD 168 may communicate with
controller 170 through a data link 172. It should be un-
derstood that rotational drive VFD 164, packaging mate-
rial drive VFD 166, and lift drive VFD 168 may produce
outputs to controller 170 that controller 170 may use as
indicators of rotational movement. For example, packag-
ing material drive VFD 166 may provide controller 170
with signals similar to signals provided by sensing as-
sembly 128, and thus, sensing assembly 128 may be
omitted to cut down on manufacturing costs.

[0050] Controller 170 may include hardware compo-
nents and software programs that allow ittoreceive, proc-
ess, and transmit data. It is contemplated that controller
170 may operate similar to a processor in a computer
system. Controller 170 may communicate with an oper-
ator interface 176 via a data link 178. Operator interface
176 may include a screen and controls that may provide
an operator with a way to monitor, program, and operate
wrapping apparatus 100. For example, an operator may
use operator interface 176 to enter or change predeter-
mined and/or desired settings and values, or to start,
stop, or pause the wrapping cycle. Controller 170 may
also communicate with one or more sensor assemblies
(described above) through a data link 174, thus allowing
controller 170 to receive performance related data during
wrapping. It is contemplated that data links 162, 172,
174, and 178 may include any suitable wired communi-
cations medium known in the art. Itis also contemplated
that data links 162, 172, 174, and 178 may include any
suitable wireless communications medium known in the
art that allows the sensor assemblies to transmit data
wirelessly to controller 170.

[0051] By controlling the operation of packaging ma-
terial drive 124 based atleastin parton the instantaneous
demand with controller 170, apparatus 100 may wrap at
least a portion of load 104 at the predetermined and/or
desired payout percentage for atleast a portion of a wrap-
ping cycle. The portion of the wrapping cycle may be a
portion of a single relative revolution between the dis-
penser and the load, a complete relative revolution, or
more than a single relative revolution. During that portion
of the wrapping cycle, load 104 may be wrapped with a
substantially equal wrap force around its perimeter. This
may be achieved even though the instantaneous demand
may change during the portion of the wrapping cycle.
Such changes in instantaneous demand may be caused
by, for example, a change in one or more dimensions of
the load, the shape of the portion of the load being
wrapped, the placement of the load being wrapped rel-
ative to packaging material dispenser 116, and/or the
speed of relative rotation of packaging material dispenser
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116 relative to load 104.

[0052] Theinstantaneousdemand, aswell as changes
in the instantaneous demand may be determined and/or
approximated by or using sensor assembly 136, distance
measuring device 137, and/or distance measuring de-
vice 141. Controller 170 may receive signals from sensor
assembly 136, distance measuring device 137, and/or
distance measuring device 141. Along with the signals
from distance measuring device 137 and/or distance
measuring device 141, controller 170 may also receive
a relative rotation speed signal from any suitable sensor
(not shown) monitoring rotational drive system 108. Con-
troller 170 may also receive the drive signal from sensor
assembly 128, as it monitors dispensing roller 122. Con-
troller 170 may be programmed to set or adjust operation
of packaging material drive system 124 by changing the
frequency of electrical power supplied to packaging ma-
terial drive VFD 166, based on the instantaneous de-
mand signal. Additionally, controller 170 may be pro-
grammed to set or adjust operation of packaging material
drive system 124 based at least in part on the relative
rotation speed signal when the instantaneous demand
signal is from distance measuring device 137 of distance
measuring device 141.

[0053] For example, controller 170 may be pro-
grammed to use the instantaneous demand signal from
sensor assembly 136, distance measuring device 137,
and/or distance measuring device 141 as a baseline sig-
nal, and may adjust operation of packaging material drive
system 124 as the instantaneous demand signal chang-
es. If the instantaneous demand signal increases, con-
troller 170 may adjust operation of packaging material
drive system 124 to produce a corresponding increase
in the drive signal. If the instantaneous demand signal
decreases, controller 170 may adjust operation of pack-
aging material drive system 124 to produce a corre-
sponding decrease in the drive signal. Controller 1770 may
adjust operation of packaging material drive system 124
until the drive signal is equal to the instantaneous de-
mand signal (producing a payout percentage of 100%
and/or equal rotation speeds for dispensing roller 122
and idle roller 134), and/or within a predetermined and/or
desired range above the instantaneous demand signal
(producing a payout percentage of more than 100%
and/or a rotation speed for dispensing roller 122 that ex-
ceeds the rotation speed of idle roller 134) or below the
instantaneous demand signal (producing a payout per-
centage of less than 100% and/or a rotation speed for
dispensing roller 122 that is exceeded by the rotation
speed of idle roller 134). The adjusted drive signal may
be linked with the speed of downstream dispensing roller
122 required to produce the desired payout percentage
in light of the instantaneous demand.

[0054] A plot of drive signal values and instantaneous
demand signal values over time may produce a drive
signal curve and an instantaneous demand signal curve
that are similar. For example, the drive signal curve and
the instantaneous demand signal curve may be sinusoi-
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dal (due, for example, to the presence of sides and cor-
ners on rectangular loads), and may be coincident, ver-
tically offset (i.e., parallel) by a predetermined and/or de-
sired magnitude, and/or horizontally offset by a prede-
termined and/or desired magnitude. By performing these
steps, controller 170 may produce the predetermined
and/or desired payout percentage for the portion of the
wrapping cycle. Of course, when the instantaneous de-
mand signal remains substantially constant, controller
170 may operate packaging material drive system 124
in a substantially constant manner.

[0055] Itis also contemplated that controller 170 may
be programmed to use the instantaneous demand signal
from sensor assembly 114 as the baseline signal, if sen-
sor assembly 114 is provided. It is further contemplated
that sensor assembly 128 may be ignored or omitted,
and controller 170 may be programmed to adjust oper-
ation of packaging material drive system 124 as the in-
stantaneous demand signal changes, without monitoring
downstream drive roller 122. In such an embodiment,
controller 170 may increase the speed of packaging ma-
terial drive system 124 when the instantaneous demand
signal increases, and decrease the speed of packaging
material drive system 124 when the instantaneous de-
mand signal decreases. The change in the speed of pack-
aging material drive system 124 may be proportional to
the magnitude of the change in the instantaneous de-
mand signal. Moreover, the speed of packaging material
drive system 124 may be set at a first level relative to the
instantaneous demand signal to achieve a first payout
percentage, at a higher level to achieve a higher payout
percentage, and atalower level to achieve alower payout
percentage. A plot of the speed of packaging material
drive system 124 and instantaneous demand signal val-
ues over time may produce a drive speed curve and an
instantaneous demand signal curve that are similar (e.g.,
sinusoidal, coincident, vertically offset, and/or horizon-
tally offset).

[0056] By using the instantaneous demand signal as
a baseline, controller 170 may make adjustments when
wrapping loads with varying profiles, including, for exam-
ple, loads composed of units having different dimensions;
when wrapping loads with irregular shapes, including, for
example, non-square loads; or when wrapping square
loads that are positioned off-center of load support sur-
face 102. When wrapping such loads, it is possible for
the instantaneous demand to change a plurality of times.
For example, when packaging material dispenser 116
moves from wrapping a top portion 151 to a middle por-
tion 149 of load 104 (see, e.g., FIGS. 5 and 6), or middle
portion 149 to a bottom portion 147, or when packaging
material dispenser 116 wraps a corner of load 104 after
having wrapped a flat surface of load 104, the increase
in the instantaneous demand will produce an increase in
the instantaneous demand signal generated by sensor
assembly 136. As another example, when packaging ma-
terial dispenser 116 moves from wrapping bottom portion
147 to middle portion 149, or middle portion 149 to top
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portion 151, or when packaging material dispenser 116
wraps a flat surface of load 104 after having wrapped a
corner of load 104, the decrease in the instantaneous
demand will produce a decrease in the instantaneous
demand signal generated by sensor assembly 136. Con-
troller 170 may adjust packaging material drive system
124 to compensate for such variations in the manner de-
scribed above. Thus, wrapping may continue uninterrupt-
ed in spite of the variations, since input from an operator
is not required in order to compensate for the variations.
[0057] Itis also contemplated that if, after load 104 is
wrapped, a subsequent load to be wrapped has one or
more dimensions and/or a shape that is different from
thatofload 104, the predetermined and/or desired payout
percentage may still be produced during wrapping of the
subsequent load. For example, if the subsequent load is
largerthan load 104, there will be a greaterinstantaneous
demand for packaging material 118 at the subsequent
load. The increase in instantaneous demand will result
in an increase in the instantaneous demand signal, and
an increase in the speed of downstream dispensing roller
122inresponse. Thus, the predetermined and/or desired
payout percentage may be achieved as the speed of
downstream dispensing roller 122 rises to meet the in-
crease in the instantaneous demand. If, on the other
hand, the subsequentload is smaller than load 104, there
will be a smaller instantaneous demand for packaging
material 118 at the subsequent load. The decrease in
instantaneous demand will result in a decrease in the
instantaneous demand signal, and a decrease in the
speed of downstream dispensing roller 122. Thus, once
again, the predetermined and/or desired payout percent-
age may be achieved as the speed of downstream dis-
pensing roller 122 falls to meet the decrease in the in-
stantaneous demand. As such, wrapping at the prede-
termined and/or desired payout percentage may be ac-
complished although the actual dimensions of the load
being wrapped are unknown, and/or a series of loads to
be wrapped have random shapes and/or dimensions.
[0058] A buffer may be added to dampen or reduce
the amplitude of the speed variation undergone by down-
stream dispensing roller 122. By doing so, the buffer may
allow smoother operation to be achieved during wrap-
ping. The buffer may also reduce stress on packaging
material 118, helping to prevent packaging material
breaks from occurring.

[0059] The buffer may operate by dampening or de-
laying the instantaneous demand signal from sensing as-
sembly 136 in instances where the instantaneous de-
mand is trending down or decreasing. Dampening and/or
delaying the instantaneous demand signal may weaken,
reduce, and/or slow the response of controller 170 to the
decrease in instantaneous demand. While this could re-
sultin loose wrapping for a portion of the wrapping cycle,
such loose wrapping may be remedied by subsequent
wrapped layers of packaging material 118. Moreover, the
dampening or delaying may help prevent packaging ma-
terial breaks. When packaging material 118 is torn or
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otherwise damaged, that portion of packaging material
118 may cause idle roller 134 to slow as it passes over
idle roller 134. If controller 170 immediately reacts to the
slowing of idle roller 134, as if it was indicative of a de-
crease in instantaneous demand, controller 170 will in-
crease stress on the damaged portion and potentially
cause a packaging material break. By dampening or de-
laying the instantaneous demand signal, additional time
is provided for the damaged portion to be wrapped onto
load 104, allowing wrapping to continue. Thus, the ben-
efits obtained by reducing or slowing the response of
controller 170 may outweigh any potential drawbacks.
[0060] Dampening and/or delaying the instantaneous
demand signal from sensing assembly 136, while desir-
able when the instantaneous demand decreases, may
be undesirable when the instantaneous demand increas-
es. For example, when wrapping a corner of load 104 or
an enlarged portion of load 104, the instantaneous de-
mand may increase, producing an increase in the instan-
taneous demand signal. If the instantaneous demand sig-
nal is dampened and/or delayed, controller 170 may not
be able to adjust packaging material drive system 124
quickly enough to ensure that enough packaging material
118is dispensed to meettheincreased demand. Tension
in dispensed packaging material 118D may increase to
apointwhere a tear, oreven a break, may develop. Thus,
when the instantaneous demand signal increases, any
dampening and/or delaying of the instantaneous demand
signal may be avoided.

[0061] Controller 170 may also be programmed to de-
tect packaging material breaks during at least a portion
of the wrapping cycle. As used herein, the term "break"
is meant to describe a complete or total severing of pack-
aging material 118, that is, a cutting or tearing across the
entire width of packaging material 118 that splits the
packaging material 118 into separate pieces. The term
"break"is not meant to refer to a relatively small puncture,
rip, or tear in packaging material 118 that may be carried
through onto load 104 during wrapping. However, if the
relatively small puncture, rip, or tear in packaging mate-
rial 118 stretches to the point that it completely severs
packaging material 118 before making its way onto load
104, then the relatively small puncture, rip, or tear will
have become a break. The direction of rotation of idle
roller 134 may reverse due to recovery of the packaging
material after breakage or backlash of the broken pack-
aging material. Thus, controller 170 may recognize that
a packaging material break has occurred when areversal
is sensed. When a packaging material break is detected,
controller 170 may instruct packaging material drive VFD
166 to stop packaging material drive system 124, thus
halting the dispensing of packaging material 118 from
packaging material dispenser 116. It is also contemplat-
ed that packaging material breaks may be detected using
photodetectors, loads cells, spring-biased rollers, and/or
any other suitable devices known in the art.

[0062] Controller 170 may also be programmed to give
priority to some signals from sensing assembly 136, dis-
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tance measuring device 137, and/or distance measuring
device 141, over other signals. For example, rather than
treating all of the signals as equally important, the con-
troller 170 may give the signals corresponding to the cor-
ners of load 104 (such as those represented by R3, R4,
and R5 in FIG. 7; L4’ in FIG. 8; and any of the lines rep-
resenting dispensed packaging material 118D in FIG. 9)
higher priority. Signals corresponding to the corners may
be sensed by controller 170 due to the presence of peak
values (e.g., packaging material speed, radial distance,
and packaging material path angle) at the corners. Each
corner may be treated as an effective girth of load 104,
such that the instantaneous demand recognized by con-
troller 170 for all parts of load 104, including the substan-
tially flat faces between the corners of load 104, is the
instantaneous demand for the corner being sensed by
the controller 170. When a subsequent corner is sensed
by controller 170, the instantaneous demand recognized
by controller 170 for all parts of load 104 is the instanta-
neous demand for that corner. This process takes place
as each corneris sensed, and eliminates or reduces fluc-
tuations associated with adjusting dispensing to meet the
needs of corners and faces of the load 104. Reducing or
eliminating fluctuations by focusing on the corners and
downplaying or ignoring the flat surfaces of load 104 may
provide smoother machine operation.

[0063] FIG. 3 shows a wrapping apparatus 200 of the
rotating ring variety. Wrapping apparatus 200 may in-
clude elements similar to those shown in relation to wrap-
ping apparatus 200. While each and every element in
FIG. 3 is not described in detail, it should be understood
that elements in FIG. 3 that are similar to elements in
FIG. 1 are represented with similar reference numerals.
As shown, wrapping apparatus 200 includes a rotating
ring 212 in place of rotating arm 112 of wrapping appa-
ratus 100. However, it should be understood that wrap-
ping apparatus 200 may operate in a manner similar to
that described above with respect to wrapping apparatus
100.

[0064] Wrapping apparatus 200 may include an idle
roller 234 and a sensing assembly 236 similar to idle
roller 134 and sensing assembly 136. Sensing assembly
236, like sensing assembly 136, may provide a signal
indicative of instantaneous demand. Additionally or al-
ternatively, a distance measuring sensor 237, similar to
distance measuring sensor 137, may be mounted on or
near any point on packaging material dispenser 216, roll
carriage 232, rotating ring 212, and/or any other suitable
location where distance measuring sensor 237 can
measure the distance to load 204 while rotating relative
to load 204. It is contemplated that distance measuring
sensor 237 may be mounted such that its view is not
obstructed by dispensed packaging material 218D. Ad-
ditionally or alternatively, a distance measuring sensor
241, similar to distance measuring sensor 141, may be
mounted on or near any point on packaging material dis-
penser 216, roll carriage 232, rotating ring 212, and/or
any other suitable location where distance measuring
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sensor 241 can measure the distance to dispensed pack-
aging material 218D while load 204 is wrapped.

[0065] Wrapping apparatus 200 may also include a
controller (not shown) similar to controller 170. The con-
troller may receive signals from sensor assembly 236,
distance measuring device 237, and/or distance meas-
uring device 241. The controller may also receive a drive
signal from a sensor assembly 228 (similar to sensor
assembly 128), as it monitors a dispensing roller 222
(similar to dispensing roller 122). The controller may be
programmed to set or adjust operation of a packaging
material drive system 224 (similar to packaging material
drive system 124) by, for example, changing the frequen-
cy of electrical power supplied to a packaging material
drive (not shown, but similar to packaging material drive
VFD 166) based on the instantaneous demand signals
from sensing assembly 236, distance measuring device
237, and/or distance measuring device 241.

[0066] FIG. 4 shows a wrapping apparatus 300 of the
rotating turntable variety. Wrapping apparatus 300 may
include elements similar to those shown in relation to
wrapping apparatus 100. While each and every element
in FIG. 4isnotdescribed in detail, it should be understood
that elements in FIG. 4 that are similar to elements in
FIG. 1 are represented with similar reference numerals.
As shown, wrapping apparatus 300 includes a rotating
turntable 312 for rotating load 304 while packaging ma-
terial dispenser 316 remains fixed, in place of rotating
arm 112 of wrapping apparatus 100. However, it should
be understood that wrapping apparatus 300 may operate
in a manner similar to that described above with respect
to wrapping apparatus 100.

[0067] Wrapping apparatus 300 may include an idle
roller 334 and a sensing assembly 336 similar to idle
roller 134 and sensing assembly 136. Sensing assembly
336, like sensing assembly 136, may provide a signal
indicative of instantaneous demand. Additionally or al-
ternatively, a distance measuring sensor 337, similar to
distance measuring sensor 137, may be mounted on or
near any point on packaging material dispenser 316, roll
carriage 332, and/or any other suitable location where
distance measuring sensor 337 can measure the dis-
tance to load 304 while rotating relative to load 304. It is
contemplated that distance measuring sensor 337 may
be mounted such that its view is not obstructed by dis-
pensed packaging material 318D. Additionally or alter-
natively, a distance measuring sensor 341, similar to dis-
tance measuring sensor 141, may be mounted on or near
any point on packaging material dispenser 316, roll car-
riage 332, and/or any other suitable location where dis-
tance measuring sensor 341 can measure the distance
to dispensed packaging material 318D while load 304 is
wrapped.

[0068] Wrapping apparatus 300 may also include a
controller (not shown) similar to controller 170. The con-
troller may receive signals from sensor assembly 336,
distance measuring device 337, and/or distance meas-
uring device 341. The controller may also receive a drive
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signal from a sensor assembly 328 (similar to sensor
assembly 128), as it monitors a dispensing roller 322
(similar to dispensing roller 122). The controller may be
programmed to set or adjust operation of a packaging
material drive system 324 (similar to packaging material
drive system 124) by, for example, changing the frequen-
cy of electrical power supplied to a packaging material
drive (not shown, but similar to packaging material drive
VFD 166) based on the instantaneous demand signals
from sensing assembly 336, distance measuring device
337, and/or distance measuring device 341.

[0069] While pre-stretched packaging material is in-
cluded in the exemplary embodiments described above,
it should be understood that other types of packaging
material, such as those that do not undergo pre-stretch-
ing (e.g., netting, strapping, banding, or tape), may also
be used. Such an embodiment would be similar to the
embodimentincluding pre-stretched packaging material,
except that the speed of rotation of the upstream dis-
pensing roller, which may be indicative of the speed
and/or amount of undispensed packaging material com-
ing off the upstream dispensing roller, may be substan-
tially equal to the speed of rotation of the downstream
dispensing roller, which may be indicative of the speed
and/or amount of dispensed packaging material coming
off the downstream dispensing roller.

[0070] A first exemplary method for wrapping a load
will now be described. Reference will be made to ele-
ments in FIGS. 1 and 2. Initially, packaging material dis-
penser 116 may be in its home position, that is, proximate
clamping device 180 shownin FIG. 1. Packaging material
118 may extend from packaging material dispenser 116
toward clamping device 180. Clamping device 180 may
grip a leading end of packaging material 118. Load 104
may be placed on wrapping surface 102. Load 104 may
be placed on wrapping surface 102 by a pallet truck (not
shown), may be conveyed onto wrapping surface 102
using a conveying means (i.e., rollers or a conveying belt;
not shown), or may be built on wrapping surface 102 by
stacking or arranging a number of items thereon.
[0071] The predetermined and/or desired payout per-
centage may be obtained by or entered into controller
170. The predetermined and/or desired payout percent-
age may be selected, for example, based on the desired
wrap force. The desired wrap force may be obtained by,
for example, looking at historical performance data to
identify a wrap force that has successfully prevented
shifting of loads similar to load 104 during shipping.
[0072] With load 104 in place, and controller 170 pro-
grammed with the predetermined and/or desired payout
percentage, controller 170 may begin wrapping load 104.
Controller 170 may implement operational settings of
wrapping apparatus 100 so that a sufficient amount of
packaging material 118 is dispensed initially to prevent
pulling the initial end of packaging material 118 out of or
off of clamping device 180, and so that load 104 may be
properly wrapped. For example, controller 170 may im-
plement settings to produce the predetermined and/or
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desired payout percentage.

[0073] During wrapping, the instantaneous demand for
packaging material 118 at load 104 may change due to
changes inload girth within load 104, features associated
with the shape of load 104 (e.g., flat surfaces and/or cor-
ners), one or more dimensions of load 104, and/or place-
ment of load 104 relative to packaging material dispenser
116 (e.g., on or off center with respect to the rotational
axis of packaging material dispenser 116). If the instan-
taneous demand increases, producing an increase in the
instantaneous demand signal from sensor assembly
136, distance measuring device 137, and/or distance
measuring device 141, controller 170 may increase the
speed of dispensing roller 122 in response to maintain
the predetermined and/or desired payout percentage.
When the instantaneous demand signal is supplied by
distance measuring device 137 or distance measuring
device 141, controller 170 may also obtain a relative ro-
tation speed signal for determining the speed of dispens-
ing roller 122 in response to maintain the predetermined
and/or desired payout percentage. If the instantaneous
demand at load 104 decreases, producing a decrease in
the instantaneous demand signal, controller 170 may de-
crease the speed of dispensing roller 122 in response to
maintain the predetermined and/or desired payout per-
centage. For example, the instantaneous demand at load
104 may decrease as packaging material dispenser 116
moves from wrapping middle portion 149 of load 104 to
wrapping top portion 151 of load 104, since top portion
151 has a smaller girth than middle portion 149. This
decrease in the portion of load 104 being wrapped may
correspond to a decrease in the instantaneous demand
that is sensed by sensor assembly 136, resulting in a
decrease in the instantaneous demand signal to control-
ler 170, which decreases the speed of dispensing roller
122 in response to maintain the predetermined and/or
desired payout percentage.

[0074] Controller 170 may implement a buffer to en-
sure that it responds to decreases in the instantaneous
demand signal, as indicated by sensing assembly 136,
less severely and/or less quickly than it responds to in-
creases in the instantaneous demand signal. The buffer
may dampen and/or delay the instantaneous demand
signal from sensing assembly 136 when the instantane-
ous demand signal decreases. Dampening may reduce
fluctuations, thus providing for smoother machine oper-
ations. Dampening may also allow damaged portions
(e.g., portions with a hole and/or a partial tear) of pack-
aging material 118 to pass onto load 104 without causing
complete failure of packaging material 118.

[0075] Packaging material dispenser 116 may dis-
pense packaging material 118 to form one or more layers
around a bottom portion of load 104, a top portion of a
pallet 153 supporting load 104, the sides of load 104, and
a top portion of load 104. With load 104 substantially
wrapped, packaging material dispenser 116 may pro-
ceed back towards its home position proximate clamping
device 180 in FIG. 1. With packaging material dispenser
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116 in its home position, the wrapping cycle ends. Newly
wrapped load 104 may be conveyed or otherwise re-
moved from wrapping surface 102 to make room for a
subsequentload. Since the instantaneous demand is de-
termined and/or approximated during wrapping of a load,
the subsequent load may have a different size, shape,
and/or placement as compared to the preceding load,
and yet the subsequent load can be wrapped at the de-
sired payout percentage.

[0076] During wrapping, controller 170 may also mon-
itor the rotation of an idle roller, such as idle roller 134,
using downstream sensor assembly 136, to detect when
a break has occurred in packaging material 118. Con-
troller 170 may determine that a break has occurred if a
decrease in the sensed instantaneous demand is of a
magnitude, and/or occurs within a period of time, indic-
ative of a break having occurred. Additionally or alterna-
tively, if sensor assembly 136 senses that at least idle
roller 134 has undergone a reversal in rotation, controller
170 may recognize that a break has occurred. If a break
is detected, controller 170 may instruct packaging mate-
rial drive VFD 166 to stop packaging material drive sys-
tem 124, thus halting the dispensing of packaging mate-
rial 118 from packaging material dispenser 116. It should
be understood that idle roller 133 and sensor assembly
114 may be used in place of, or in combination with, idle
roller 134 and sensor assembly 136, in the steps de-
scribed above.

[0077] In a second exemplary method for wrapping a
load, packaging material dispenser 116 may be in its
home position proximate clamping device 180, packag-
ing material 118 may extend from packaging material
dispenser 116 toward clamping device 180, and clamp-
ing device 180 may grip the leading end of packaging
material 118. Load 104 may be placed on wrapping sur-
face 102 in a manner similar to that described in the first
method. The predetermined and/or desired payout per-
centage may be obtained by or entered into controller
170, after having been selected in a manner similar to
that described in the first method. With load 104 in place,
and controller 170 programmed with the predetermined
and/or desired payout percentage, controller 170 may
begin wrapping load 104.

[0078] During wrapping, controller 170 may make ad-
justments to the operational settings of wrapping appa-
ratus 100 so that load 104 may be properly wrapped. For
example, controller 170 may implement settings to pro-
duce the predetermined and/or desired payout percent-
age. Controller 170 may retain the instantaneous de-
mand signals from sensor assembly 136, distance meas-
uring device 137, and/or distance measuring device 141,
in a memory location for one or more relative revolutions
between packaging material dispenser 116 and load 122.
For example, controller 170 may generate a curve indic-
ative of instantaneous demand versus time for the one
or more relative revolutions, and/or a curve indicative of
instantaneous demand versus time for corners of load
104. The curves may be used by controller 170 as a mod-
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el of the size and/or shape of load 104. Controller 170
may use the curve as a baseline, and may set and adjust
operation of packaging material drive system 124 and its
dispensing roller 122 based on the curve, to wrap load
104 at the predetermined and/or desired payout percent-
age.

[0079] Afterload 104 has beenmodeled during the one
ormorerelative revolutions, controller 170 may wrap load
104 without referring back to sensor assembly 136, dis-
tance measuring device 137, and/or distance measuring
device 141, for additional data. Additionally or alterna-
tively, controller 170 may replace the curve with an up-
dated curve if the instantaneous demand signals from
sensor assembly 136 are outside of a predetermined
range with respect to the curve. The one or more relative
revolutions during which controller 170 may model load
104 may include the first relative revolution between
packaging material dispenser 116 and load 104 during
the start-up period of the wrapping cycle. Additionally or
alternatively, the one or more relative revolutions may
include the first relative revolution between packaging
material dispenser 116 and load 104 during the interme-
diate period of the wrapping cycle. It is contemplated,
however, that the one or more revolutions may include
any of the one or more relative revolutions between pack-
aging material dispenser 116 and load 104 during the
wrapping cycle.

[0080] During wrapping, controller 170 may also mon-
itor the rotation of idle roller 134, using downstream sen-
sor assembly 136, to detect when a break has occurred
in packaging material 118, in a manner similar to that
which was described in the first method. Controller 170
may also include a buffer to dampen and/or delay the
instantaneous demand signal when the instantaneous
demand signal decreases. With load 104 substantially
wrapped, packaging material dispenser 116 may pro-
ceed back towards its home position. Similar steps may
be performed during wrapping with wrapping apparatus-
es 200 and 300, where similar elements have similar ref-
erence numerals and perform similar operations.
[0081] Inathird exemplary method forwrapping aload,
any of the methods or steps described in U.S. Patent
Application Publication No. 2009/0178374, which is in-
corporated herein by reference in its entirety, may be
performed during the wrapping of one or more loads.
[0082] It is also contemplated that any sequence or
combination of the above-described methods may be
performed during the wrapping of one or more loads. For
example, while wrapping a load, one method may be
performed, whereas while wrapping another load, anoth-
er method may be performed. Additionally or alternative-
ly, while wrapping a single load, two or more of the three
methods may be performed. One method may be per-
formed during one portion of the wrapping cycle, and
another method may be performed during another por-
tion of the wrapping cycle. Additionally or alternatively,
one load may be wrapped using a first combination of
methods, while another load may be wrapped using a
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second combination of methods (e.g., a different combi-
nation of methods, and/or a different sequence of meth-
ods).

[0083] Each of the elements and methods described
in the present disclosure may be used in any suitable
combination with the other described elements and meth-
ods.

[0084] Other embodiments will be apparent to those
skilled in the art from consideration of the specification
and practice of the present disclosure. It is intended that
the specification and examples be considered as exem-
plary only, with a true scope being indicated by the fol-
lowing claims.

Claims
1. An apparatus for wrapping a load (104), comprising:

a packaging material dispenser (116) including
a dispensing drive configured to drive the pack-
aging material dispenser (116) to dispense
packaging material (118),

a relative rotation assembly (106) configured to
provide relative rotation between the packaging
material dispenser (116) and the load (104),

a first sensor assembly (136, 137, 141) that
senses a characteristic indicative of instantane-
ous demand for packaging material (118) at the
load (104) by measuring at least one of:

a) a first distance from a rotational axis of a
packaging material dispenser (116) or from
arotational axis of a rotating turntable (102)
for rotating the load (104) to a point on a
surface of the load (104),

b) a second distance from a point to a plane
defined by a surface of a length of packag-
ing material (118) that extends between the
packaging material dispenser (116) and the
load (104), or

c) a speed of packaging material (118) dis-
pensed by the packaging material dispens-
er(116)atalocation between the packaging
material dispenser (116) and the load (104),
and

a controller (170) that controls operation of the
dispensing drive

2. The apparatus of claim 1, wherein the first sensor
assembly monitors the speed of packaging material
(118) dispensed by the packaging material dispens-
er (116) at the location between the packaging ma-
terial dispenser (116) and the load (104) by sensing
one of:

a) a speed of the dispensed packaging material
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(118),

b) an amount of packaging material (118) dis-
pensed, or

c) relative movement of a path of the dispensed
packaging material (118) relative to the packag-
ing material dispenser (116).

The apparatus of claim 1 or claim 2, wherein the first
sensor assembly (136, 137, 141) monitors an idle
roller (134) engaging at least a portion of the dis-
pensed packaging material (118).

The apparatus of claim 3, wherein the first sensor
assembly (136, 137, 141) is configured to monitor a
speed of rotation of the idle roller (134).

The apparatus of claim 3 or claim 4, wherein the idle
roller (134) and the first sensor assembly (136, 137,
141) are positioned downstream from a dispensing
roller (121, 122) of the packaging material dispenser
(116).

The apparatus of claim 1, wherein the first distance
is a distance between the first sensor assembly and
the point on a the surface of the load (104).

The apparatus of claim 6, wherein the first sensor
assembly (136, 137, 141) and the point on a surface
of the load (104) are on one of:

a line extending radially from a rotational axis
(139) of the load (104), or

a line extending radially from a rotational axis
(139) of the packaging material dispenser (116).

The apparatus of claim 1, wherein the second dis-
tance is a distance between the first sensor assem-
bly (136, 137, 141) and the plane defined by the sur-
face of the length of packaging material (118) that
extends between the packaging material dispenser
(116) and the load (104).

The apparatus of any preceding claim, wherein the
first sensor assembly (136, 137, 141) is coupled to
the packaging material dispenser (116).

The apparatus of any preceding claim, furtherinclud-
ing asecond sensorassembly (128) operatively cou-
pled to a dispensing roller (121, 122) of the packag-
ing material dispenser (116), the second sensor as-
sembly (128) configured to sense rotation of the dis-
pensing roller (121,122).

The apparatus of claim 10, wherein the controller
(170) sets operation of the dispensing drive such that
a signal generated by the second sensor assembly
(128) is proportional to a signal generated by the first
sensor assembly (136, 137, 141), during at least a
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portion of a wrapping cycle.

The apparatus of any preceding claim, wherein the
controller (170) controls operation of the dispensing
drive such that a predetermined ratio between an
amount of packaging material (118) dispensed and
the instantaneous demand is achieved for at least a
portion of the relative rotation.

A method for wrapping a load, comprising:

driving a packaging material dispenser (116) to
dispense packaging material (118) with a dis-
pensing drive,

providing relative rotation between the packag-
ing material dispenser (116) and the load (104),
measuring a characteristic indicative of instan-
taneous demand for packaging material (118)
at the load (104) by sensing at least one of:

a) a first distance from a rotational axis of
the material dispenser (116) or from a rota-
tional axis of a rotating turntable (102) for
rotating theload (104) to a pointon asurface
of the load (104),

b) a second distance from a point to a plane
defined by a surface of a length of packag-
ing material (118) that extends between the
packaging material dispenser (116) and the
load (104), or

c) a speed of packaging material dispensed
by the packaging material dispenser (116)
at a location between the packaging mate-
rial dispenser (116) and the load (104), and

controlling operation of the dispensing drive
based at least in part on the sensed character-
istic.

The method of claim 13, wherein controlling opera-
tion of the dispensing drive includes producing a pre-
determined ratio between an amount of packaging
material (118) dispensed and the instantaneous de-
mand.

The method of claim 13 or claim 14, further compris-
ing:

sensing rotation of a dispensing roller (121, 122)
of the packaging material dispenser (116) with
a dispensing roller sensor (128) assembly, and
generating a dispensingroller signal with the dis-
pensing roller sensor assembly (128) based on
the sensed rotation of the dispensing roller (121,
122).

The method of any one of claims 13-15, wherein
sensing the characteristic indicative of instantane-
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ous demand for packaging material (118) at the load
(104) comprises:

engaging the dispensed packaging material
(118) with an idle roller (134), and
sensing rotation of the idle roller (134) with an
idle roller sensor assembly (136).

The method of claim 16, wherein sensing rotation of
the idle roller (134) with the idle roller sensor assem-
bly (136) includes generating anidle roller signal with
the idle roller sensor assembly (136) based on the
sensed rotation of the idle roller (134).

The method of claim 17, wherein controlling opera-
tion of the dispensing drive includes producing a pre-
determined ratio between the dispensing roller sig-
nal and the idle roller signal.

The method of any one of claims 13-15, wherein
sensing the characteristic indicative of instantane-
ous demand for packaging material (118) at the load
(104) comprises measuring the first distance be-
tween a distance measuring device (137) and the
point on the surface of the load (104).

The method of any one of claims 13-15, wherein
sensing the characteristic indicative of instantane-
ous demand for packaging material (118) at the load
(104) comprises measuring the second distance be-
tween a distance measuring device (141) and the
plane defined by the surface of the length of pack-
aging material (118) that extends between the pack-
aging material dispenser (116) and the load (104).

Patentanspriiche

1.

Vorrichtung zum Umwickeln einer Ladung (104), mit:

einem Packungsmaterialausgeber (116) mit ei-
nem Ausgabeantrieb, der zum Antreiben des
Packungsmaterialausgebers (116) ausgestaltet
ist, um Packungsmaterial (118) auszugeben,
eine Relativdrehungseinrichtung (106), die da-
zu ausgestaltet ist, eine Relativdrehung zwi-
schen dem Packungsmaterialausgeber (116)
und der Ladung (104) zu bewirken,

eine erste Sensoreinrichtung (136, 137, 141),
die eine einen augenblicklichen Bedarf an Pa-
ckungsmaterial (118) an der Ladung (104) an-
zeigende Eigenart sensiert, indem zumindest ei-
ne der folgenden GrélRen gemessen wird:

a) ein erster Abstand von einer Rotations-
achse des Packungsmaterialausgebers
(116) oder von einer Rotationsachse eines
drehbaren Drehtisches (102) zum Drehen
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der Ladung (104), zu einem Punkt auf einer
Oberflache der Ladung (104),

b) ein zweiter Abstand von einem Punkt zu
einer Ebene, die durch eine Oberflache ei-
nes Abschnitts des Packungsmaterials
(118) definiert wird, welcher sich zwischen
dem Packungsmaterialausgeber (116) und
der Ladung (104) erstreckt, oder

c) eine Geschwindigkeit des Packungsma-
terials (118), das durch den Packungsma-
terialausgeber (116) an einem Ort zwischen
dem Packungsmaterialausgeber (116) und
der Ladung (104) ausgegeben wird, und

eine Steuerung (170), welche den Betrieb des
Ausgabeantriebs zumindest teilweise basie-
rend auf der sensierten Eigenart ansteuert.

Vorrichtung gemaf Anspruch 1, wobei die erste Sen-
soranordnung die Geschwindigkeit des Packungs-
materials (118) Uberwacht, welche durch den Pa-
ckungsmaterialausgeber (116) an einem Ort zwi-
schen dem Packungsmaterialausgeber (116) und
der Ladung (104) ausgegeben wird, in dem eine der
folgenden GrofRRen sensiert wird:

a) eine Geschwindigkeit des ausgegebenen Pa-
ckungsmaterials (118),

b) eine Menge des ausgegebenen Packungs-
materials (118), oder

c) eine Relativbewegung einer Bahn des aus-
gegebenen Packungsmaterials (118) relativ
zum Packungsmaterialausgeber (116).

Vorrichtung gemaR Anspruch 1 oder Anspruch 2,
wobei die erste Sensoranordnung (136, 137, 141)
eine Laufrolle (134) Uberwacht, welche an zumin-
dest einem Abschnitt des ausgegebenen Packungs-
materials (118) anliegt.

Vorrichtung gemaf Anspruch 3, wobei die erste Sen-
soranordnung (136, 137, 141) dazu ausgestaltet ist,
eine Drehgeschwindigkeit der Laufrolle (134) zu
Uberwachen.

Vorrichtung gemaR Anspruch 3 oder Anspruch 4,
wobei die Laufrolle (134) und die erste Sensoran-
ordnung (136, 137, 141) ablaufseitig von einer Aus-
gabewalze (121, 122) des Packungsmaterialausge-
bers (116) angeordnet sind.

Vorrichtung geman Anspruch 1, wobei der erste Ab-
stand ein Abstand zwischen der ersten Sensoran-
ordnung und dem Punkt auf einer Oberflache der
Ladung (104) ist.

Vorrichtung gemaf Anspruch 6, wobei die erste Sen-
soranordnung (136, 137, 141) und der Punkt auf der
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Oberflache der Ladung (104) sich auf einem der fol-
genden befinden:

einer sich radial von einer Rotationsachse (139)
der Ladung (104) erstreckenden Linie, oder
einer sich radial von einer Rotationsachse (139)
des Packungsmaterialausgebers (116) erstre-
ckenden Linie.

Vorrichtung gemafR Anspruch 1, wobei der zweite
Abstand ein Abstand zwischen der ersten Sensora-
nordnung (136, 137, 141) und der Ebene ist, welche
durch die Oberflache des Abschnitts des Packungs-
materials (118) definiert wird, welcher sich zwischen
dem Packungsmaterialausgeber (116) und der Last
(104) erstreckt.

Vorrichtung gemaR einem der vorhergehenden An-
spriiche, wobei die erste Sensoranordnung (136,
137, 141) an den Packungsmaterialausgeber (116)
gekoppelt ist.

Vorrichtung gemaR einem der vorhergehenden An-
spriche, mit ferner einer zweiten Sensoranordnung
(128), welche wirkungstechnisch an eine Ausgabe-
walze (121, 122) des Packungsmaterialausgeber
(116) gekoppelt ist, wobei die zweite Sensoranord-
nung (128) dazu ausgestaltet ist, eine Drehung der
Ausgabewalze (121, 122) zu sensieren.

Vorrichtung gemafR Anspruch 10, wobei die Steue-
rung (170) den Betrieb des Ausgabeantriebs fest-
legt, so dass ein durch die zweite Sensoranordnung
(128) erzeugtes Signal wahrend zumindest eines
Teils eines Wickelzyklus proportional ist zu einem
Signal, welches durch die erste Sensoranordnung
(136, 137, 141) erzeugt wird.

Vorrichtung gemaR einem der vorhergehenden An-
spriiche, wobei die Steuerung (170) den Betrieb des
Ausgabeantriebs steuert, so dass ein vorbestimmtes
Verhaltnis von einer ausgegebenen Menge von Pa-
ckungsmaterial (118) und dem augenblicklichen Be-
darf fir zumindest einen Teil der Relativdrehung er-
reichen wird.

Verfahren zum Umwickeln einer Ladung, mit:

Antreiben eines Packungsmaterialausgebers
(116) mit einem Ausgabeantrieb, um Packungs-
material (118) auszugeben,

Erzeugen einer Relativdrehung zwischen dem
Packungsmaterialausgeber (116) und der La-
dung (104),

Messen einer einen augenblicklichen Bedarf an
Packungsmaterial (118) an der Ladung (104)
anzeigenden Eigenart durch Sensieren von zu-
mindest einer der folgenden Grofien:
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a) ein erster Abstand von einer Rotations-
achse des Packungsmaterialausgebers
(116) oder von einer Rotationsachse eines
drehbaren Drehtisches (102) zum Drehen
der Ladung (104), zu einem Punkt auf einer
Oberflache der Ladung (104),

b) ein zweiter Abstand von einem Punkt zu
einer Ebene, die durch eine Oberflache ei-
nes Abschnitts des Packungsmaterials
(118) definiert wird, welcher sich zwischen
dem Packungsmaterialausgeber (116) und
der Ladung (104) erstreckt, oder

c) eine Geschwindigkeit des Packungsma-
terials (118), das durch den Packungsma-
terialausgeber (116) an einem Ort zwischen
dem Packungsmaterialausgeber (116) und
der Ladung (104) ausgegeben wird, und

eine Steuerung (170), welche den Betrieb des
Ausgabeantriebs zumindest teilweise basie-
rend auf der sensierten Eigenart ansteuert.

Verfahren gemaR Anspruch 13, wobei das Steuern
des Betriebs des Ausgabeantriebs das Erzeugen ei-
nes vorbestimmten Verhaltnisses zwischen einer
Menge des ausgegebenen Packungsmaterials
(118) und dem augenblicklichen Bedarf beinhaltet.

Verfahren gemaR Anspruch 13 oder Anspruch 14,
mit ferner:

Sensieren der Drehung einer Ausgabewalze
(121, 122) des Packungsmaterialausgebers
(116) mit einer Ausgabewalzen-Sensoranord-
nung (128), und

Erzeugen eines Ausgabewalzen-Signals mit
der Ausgabewalzen-Sensoranordnung (128)
basierend auf der sensierten Drehung der Aus-
gabewalze (121, 122).

Verfahren gemaf einem der Anspriiche 13 bis 15,
wobeidas Sensieren der einen augenblicklichen Be-
darf an Packungsmaterial (118) an der Last (104)
anzeigenden Eigenart umfasst:

Anlegen einer Laufrolle (134) an das ausgege-
bene Packungsmaterial (118), und

Sensieren der Drehung der Laufrolle (134) mit
einer Laufrollen-Sensoranordnung (136).

Verfahren gemal Anspruch 16, wobei das Sensie-
ren der Drehung der Laufrolle (134) mit der Laufrol-
len-Sensoranordnung (136) das Erzeugen eines
Laufrollen-Signals mit der Laufrollen-Sensoranord-
nung (136) basierend auf der sensierten Drehung
der Laufrolle (134) beinhaltet.

Verfahren gemaR Anspruch 17, wobei das Steuern
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des Betriebs des Ausgabeantriebs das Erzeugen ei-
nes vorbestimmten Verhaltnisses vom Ausgabewal-
zen-Signal zum Laufrollen-Signal beinhaltet.

Verfahren gemaf einem der Anspriiche 13 bis 15,
wobei das Sensieren der einen augenblicklichen Be-
darfan Packungsmaterial (118) an der Ladung (104)
anzeigenden Eigenart das Messen eines ersten Ab-
standes zwischen einer Abstandsmesseinrichtung
(137) und dem Punkt auf der Oberflache der Ladung
(104) umfasst.

Verfahren gemal einem der Anspriiche 13 bis 15,
wobei das Sensieren der einen augenblicklichen Be-
darfan Packungsmaterial (118) an der Ladung (104)
anzeigenden Eigenart das Messen des zweiten Ab-
standes zwischen einer Abstandsmesseinrichtung
(141) und der durch die Oberflache des sich zwi-
schen dem Packungsmaterialausgeber (116) und
der Ladung (104) erstreckenden Abschnitts des Pa-
ckungsmaterials (118) definierten Ebene umfasst.

Revendications

1.

Appareil pour envelopper une charge (104),
comprenant :

un distributeur de matériau d’emballage (116)
comprenant un dispositif d’entrainement de dis-
tribution configuré pour entrainer le distributeur
de matériau d’emballage (116) pour distribuer
un matériau d’emballage (118),

un ensemble de rotation relative (106) configuré
pour obtenir une rotation relative entre le distri-
buteur de matériau d’emballage (116) etla char-
ge (104),

un premier ensemble de détection (136, 137,
141) qui détecte une caractéristique indicative
d’une demande instantanée pour un matériau
d’emballage (118) au niveau de la charge (104)
en mesurant au moins l'une :

a) d’'une premiére distance d’un axe de ro-
tation d’un distributeur de matériau d’em-
ballage (116) ou d’'un axe de rotation d’'un
plateau tournant (102) pour faire tourner la
charge (104) jusqu’a un point sur une sur-
face de la charge (104),

b) d’'une deuxiéme distance d’un point jus-
qu’a un plan défini par une surface d’'une
longueur du matériau d’emballage (118) qui
s’étend entre le distributeur de matériau
d’emballage (116) et la charge (104), ou
c) d’une vitesse du matériau d’emballage
(118) distribué par le distributeur de mateé-
riau d’emballage (116) a un emplacement
entre le distributeur de matériau d’emballa-
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ge (116) et la charge (104), et

un contréleur (170) qui commande le fonction-
nement du dispositif d’entrainement de distribu-
tion au moins en partie sur la base de la carac-
téristique détectée.

Appareil selon la revendication 1, dans lequel le pre-
mier ensemble de détection surveille la vitesse du
matériau d’emballage (118) distribué par le distribu-
teur de matériau d’emballage (116) a 'emplacement
entre le distributeur de matériau d’emballage (116)
et la charge (104) en détectant I'un :

a) d'une vitesse du matériau d’emballage (118)
distribué,

b) d’'une quantité du matériau d’emballage (118)
distribué, ou

c) d’'un déplacement relatif d’'un trajet du maté-
riau d’'emballage (118) distribué par rapport au
distributeur de matériau d’emballage (116).

Appareil selon la revendication 1 ou la revendication
2, dans lequel le premier ensemble de détection
(136, 137, 141) surveille un rouleau libre (134) en
prise avec au moins une partie du matériau d’em-
ballage (118) distribué.

Appareil selon la revendication 3, dans lequel le pre-
mier ensemble de détection (136, 137, 141) est con-
figuré pour surveiller une vitesse de rotation du rou-
leau libre (134).

Appareil selon la revendication 3 ou la revendication
4, dans lequel le rouleau libre (134) et le premier
ensemble de détection (136, 137, 141) sont position-
nés en aval d’'un rouleau de distribution (121, 122)
du distributeur de matériau d’emballage (116).

Appareil selon la revendication 1, dans lequel la pre-
miére distance est une distance entre le premier en-
semble de détection et le point sur la surface de la
charge (104).

Appareil selon la revendication 6, dans lequel le pre-
mier ensemble de détection (136, 137, 141) et le
point sur une surface de la charge (104) sont sur
'une

d’une droite s’étendant radialement a partir d’'un axe
de rotation (139) de la charge (104), ou

d’une droite s’étendant radialement a partir d’'un axe
de rotation (139) du distributeur de matériau d’em-
ballage (116).

Appareil selon la revendication 1, dans lequel la
deuxiéme distance est une distance entre le premier
ensemble de détection (136, 137, 141) et le plan
défini par la surface de lalongueur du matériaud’em-
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ballage (118) qui s’étend entre le distributeur de ma-
tériau d’emballage (116) et la charge (104).

Appareil selon 'une quelconque des revendications
précédentes, dans lequel le premier ensemble de
détection (136, 137, 141) est accouplé au distribu-
teur de matériau d’emballage (116).

Appareil selon 'une quelconque des revendications
précédentes, comprenant en outre un deuxiéme en-
semble de détection (128) accouplé fonctionnelle-
ment a un rouleau de distribution (121, 122) du dis-
tributeur de matériau d’emballage (116), le deuxie-
me ensemble de détection (128) étant configuré pour
détecter une rotation du rouleau de distribution (121,
122).

Appareil selon la revendication 10, dans lequel le
contréleur (170) établit un fonctionnement du dispo-
sitif d’entrainement de distribution de sorte qu’un si-
gnal génére par le deuxieme ensemble de détection
(128) soit proportionnel a un signal généré par le
premier ensemble de détection (136, 137, 141), pen-
dant au moins une partie d’'un cycle d’enveloppe-
ment.

Appareil selon 'une quelconque des revendications
précédentes, dans lequel le contréleur (170) com-
mande le fonctionnement du dispositif d’entraine-
ment de distribution de sorte qu’un rapport prédéter-
miné entre une quantité du matériau d’emballage
(118) distribué et la demande instantanée soit obte-
nu pour au moins une partie de la rotation relative.

Procédé pour envelopper une charge, comprenant :

I'entrainement d’'un distributeur de matériau
d’emballage (116) pour distribuer un matériau
d’emballage (118) par un dispositif d’entraine-
ment de distribution,

I'obtention d’une rotation relative entre le distri-
buteur de matériau d’emballage (116) etla char-
ge (104),

la mesure d’une caractéristique indicative d’'une
demande instantanée pour un matériau d’em-
ballage (118) au niveau de la charge (104) en
détectant au moins l'une

a) d’'une premiére distance d’un axe de ro-
tation du distributeur de matériau (116) ou
a partir d’'un axe de rotation d’'un plateau
tournant (102) pour faire tourner la charge
(104) jusqu’a un point sur une surface de la
charge (104),

b) d’'une deuxiéme distance d’un point jus-
qu’a un plan défini par une surface d’'une
longueur du matériau d’emballage (118) qui
s’étend entre le distributeur de matériau
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d’emballage (116) et la charge (104), ou
c) d'une vitesse du matériau d’emballage
distribué par le distributeur de matériau
d’emballage (116) a un emplacement entre
le distributeur de matériau d’emballage
(116) et la charge (104), et

la commande du fonctionnement du dispositif
d’entrainement de distribution au moins en par-
tie sur la base de la caractéristique détectée.

Procédé selon la revendication 13, dans lequel la
commande du fonctionnement du dispositif d’entrai-
nement de distribution comprend la production d’'un
rapport prédéterminé entre une quantité du matériau
d’emballage (118) distribué et la demande instanta-
née.

Procédé selon la revendication 13 ou la revendica-
tion 14, comprenant en outre :

la détection de la rotation d'un rouleau de distri-
bution (121, 122) du distributeur de matériau
d’emballage (116) par un ensemble de détection
de rouleau de distribution (128), et

la génération d’un signal de rouleau de distribu-
tion par I'ensemble de détection de rouleau de
distribution (128) sur la base de la rotation dé-
tectée du rouleau de distribution (121, 122).

Procédé selon 'une quelconque des revendications
13 a 15, danslequella détection de la caractéristique
indicative d’'une demande instantanée pour un ma-
tériau d’emballage (118) au niveau de la charge
(104) comprend :

la mise en prise du matériau d’emballage (118)
distribué avec un rouleau libre (134), et

la détection de la rotation du rouleau libre (134)
par un ensemble de détection de rouleau libre
(136).

Procédé selon la revendication 16, dans lequel la
détection de la rotation du rouleau libre (134) par
I'ensemble de détection de rouleau libre (136) com-
prend la génération d’un signal de rouleau libre par
I'ensemble de détection de rouleau libre (136) sur la
base de la rotation détectée du rouleau libre (134).

Procédé selon la revendication 17, dans lequel la
commande du fonctionnement du dispositif d’entrai-
nement de distribution comprend la production d’'un
rapport prédéterminé entre le signal de rouleau de
distribution et le signal de rouleau libre.

Procédé selon 'une quelconque des revendications
13 a 15, danslequella détection de la caractéristique
indicative d’'une demande instantanée pour un ma-
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tériau d’emballage (118) au niveau de la charge
(104) comprend la mesure de la premiére distance
entre un dispositif de mesure de distance (137) etle
point sur la surface de la charge (104).

Procédé selon I'une quelconque des revendications
13a 15, danslequelladétection de la caractéristique
indicative d’'une demande instantanée pour un ma-
tériau d’emballage (118) au niveau de la charge
(104) comprend la mesure de la deuxiéme distance
entre un dispositif de mesure de distance (141) etle
plan défini par la surface de la longueur du matériau
d’emballage (118) qui s’étend entre le distributeur
de matériau d’emballage (116) et la charge (104).
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