(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert '
B organisation > O O 000 RO 0
% (10) International Publication Number

International Bureau
WO 2019/058334 Al
WIPO | PCT

(43) International Publication Date
28 March 2019 (28.03.2019)

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every

wo 2019/058334 A1 | NI 000 T 000000 0 0 0

B65B 11/00 (2006.01) B65B 57/04 (2006.01) kind of national protection available). AE, AG, AL, AM,
B65B 11/02 (2006.01) B65B 57/12 (2006.01) AOQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
B65B 11/04 (2006.01) B65B 57/14 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
B65B 11/06 (2006.01) B65B 57/18 (2006.01) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
B65B 41/12 (2006.01) HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

(21) International Application Number:
PCT/IB2018/057339

(22) International Filing Date:
21 September 2018 (21.09.2018)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

62/562,114 22 September 2017 (22.09.2017) US
(71) Applicant: LANTECH.COM, LLC [US/US]; 11000

Bluegrass Parkway, Louisville, Kentucky 40299 (US).

(72) Inventor: LANCASTER, III, Patrick R.; 4620 River
Road, Louisville, Kentucky 40222 (US).

(74) Agent: STINEBRUNER, Scott A. et al.; Middleton Reut-
linger, 401 S. Fourth Street, Suite 2600, Louisville, Ken-
tucky 40202 (US).

KR,KW,KZ, LA, LC,LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
— as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

(54) Title: PACKAGING MATERIAL QUALITY COMPENSATION

410
412
400 =
402 —
420
FIG. 5
430
422 -~
Rotational 438
Drive Controller ™
Roping
440 — ‘ \/414 Mechanism
Operator
Interface

(57) Abstract: A method, apparatus and program product may utilize packaging material quality compensation to sense changes in
certain characteristics of a packaging material that can be associated with increased risks of film breaks, and automatically make certain
changes in machine settings to mitigate the impact of those enhanced risks.

[Continued on next page]



WO 2019/058334 A1 | [N 00P 00 0000 OO0 O 0

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

— in black and white; the international application as filed
contained color or greyscale and is available for download
Jrom PATENTSCOPE



WO 2019/058334 PCT/IB2018/057339

PACKAGING MATERIAL QUALITY COMPENSATION

Field of the Invention

[0001] The invention generally relates to wrapping loads with packaging

material through relative rotation of loads and a packaging material dispenser.

Background of the Invention

[0002] Various packaging techniques have been used to build a load of
unit products and subsequently wrap them for transportation, storage, containment
and stabilization, protection and waterproofing. One system uses wrapping machines
to stretch, dispense, and wrap packaging material, e.g., film, 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 packaging 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, vertical rotating ring, or horizontal rotating ring, typically covers the four
vertical sides of the load with a stretchable packaging material such as polyethylene
packaging material. 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.

[0003] Film breaks are one of the most frequent and problematic sources
of machine downtime and loss of "centerline" wrapper settings to a standard. Film
breaks have many causes inherent to the wrapping process that can be mitigated,
including, for example, irregularities or sharp points in the load or pallet, mechanical
issues with rollers and clamps, electronic control issues around maintenance of film
or packaging material tension during start, acceleration, and ending of a wrap
operation or cycle, etc. These various causes of film breaks may be mitigated in

many instances with more effective handling of the wrapping process.

[0004] However, film breaks are also impacted by fluctuations in the

packaging material quality, where random and unpredictable changes in packaging
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material characteristics (often within a single packaging material roll) can cause a
packaging material’s resistance to film breaks to be reduced. Random flaws in a
packaging material web such as gels, carbon particles, gauge band including
shipping and handling damage to the packaging material roll remain problematic

since they are generally difficult to sense or predict.

[0005] When film breaks occur from negative fluctuation in packaging
material quality, many operators are left with the choice of tolerating the downtime
and hassle of film breaks or lowering the packaging material tension until the film
breaks are reduced to a tolerable level. The lowered packaging material tension
either compromises the containment force and leaves loads more susceptible to
damage during shipping, or requires additional layers (i.e., more packaging material)
to maintain the desired containment force. Since there is generally no way for the
operator to know when the packaging material quality fluctuations shift back more
positive, the lowered packaging material tension effectively becomes the new
normal, resulting in either increased occurrences of damaged loads or significantly

wasted packaging material and longer cycle times.

Summary of the Invention

[0006] The invention addresses these and other problems associated with
the art by providing a method, apparatus and program product that utilize packaging
material quality compensation to sense changes in certain characteristics of a
packaging material that can be associated with increased risks of film breaks, and
automatically make certain changes in machine settings to mitigate the impact of

those enhanced risks.

[0007] Therefore, consistent with one aspect of the invention, a method of
controlling a load wrapping apparatus of the type configured to wrap a load with
packaging material dispensed from a packaging material dispenser through relative
rotation between the packaging material dispenser and the load may include sensing
one or more indications of changes in packaging material characteristics during one
or more wrap operations, and changing one or more wrap parameters used to wrap

the load in response to sensing the one or more indications.



WO 2019/058334 PCT/IB2018/057339

[0008] In some embodiments, changing the one or more wrap parameters
optimizes load wrapping apparatus performance and/or packaging material cost. In
addition, in some embodiments changing the one or more wrap parameters reduces

an incidence of film breaks.

[0009] In some embodiments, the one or more indications includes a
packaging material gel, a packaging material hole, a force to pre-stretch at a given
payout percentage, a tension at a payout percentage, an unwind force on a
packaging material supply roll, and/or a visible packaging material roll surface.
Further, in some embodiments, the visible packaging material roll surface includes
one or more of a wrinkle, air entrapment, edge feather, edge flaw, torn edge, nicked

edge, die line, and/or gauge band.

[0010] In some embodiments, the one or more wrap parameters includes a
payout percentage, a tension, a pre-stretch percentage, and/or a packaging material
feed control, and in some embodiments, the one or more wrap parameters includes
a roping mechanism parameter that controls roping or rolling of an edge of the
packaging material. Some embodiments further include generating an alert to

indicate to an operator an impact of any changes made.

[0011] In some embodiments, sensing the one or more indications is
performed by a sensor array in a pre-stretch zone of the packaging material
dispenser. In some embodiments, sensing the one or more indications includes
sensing a gel on the packaging material with an image sensor directed at a web of
the packaging material. In addition, in some embodiments, sensing the one or more
indications includes sensing a hole in the packaging material with an ultrasonic
sensor directed at a web of the packaging material, and in some embodiments,
sensing the one or more indications includes sensing a force to pre-stretch at a given
payout percentage with a force sensor coupled to an idle roller disposed between
upstream and downstream dispensing rollers of a pre-stretch assembly. In some
embodiments, sensing the one or more indications includes sensing a tension at a
given payout percentage with a force sensor coupled to an idle roller disposed
downstream of a pre-stretch assembly, and in some embodiments, sensing the one

or more indications includes sensing an unwind force on a packaging material supply
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roll with a force sensor coupled upstream of a pre-stretch assembly. Further, in
some embodiments, sensing the one or more indications includes sensing a visible

packaging material roll surface with an image sensor.

[0012] Some embodiments also include sensing a cessation of the one or
more indications of changes in packaging material characteristics, and changing the
one or more wrap parameters in response to sensing the cessation. In addition, in
some embodiments, changing the one or more wrap parameters in response to
sensing the cessation includes restoring the one or more wrap parameters to original

values.

[0013] In some embodiments, sensing the one or more indications of
changes in packaging material characteristics is performed during a first wrap
operation, and changing the one or more wrap parameters used to wrap the load in
response to sensing the one or more indications is performed during a second wrap
operation. In other embodiments, sensing the one or more indications of changes in
packaging material characteristics and changing the one or more wrap parameters
used to wrap the load in response to sensing the one or more indications are

performed during the same wrap operation.

[0014] Consistent with another aspect of the invention, a method of
controlling a load wrapping apparatus of the type configured to wrap a load on a load
support with packaging material dispensed from a packaging material dispenser
through relative rotation between the packaging material dispenser and the load
support may include sensing one or more indications of changes in packaging
material characteristics during one or more wrap operations and indicative of a
decrease in quality in the packaging material, changing one or more wrap
parameters used to wrap the load in response to sensing the one or more
indications, thereafter sensing a cessation of the one or more indications of changes
in packaging material characteristics, and changing the one or more wrap

parameters in response to sensing the cessation.
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[0015] In some embodiments, changing the one or more wrap parameters in
response to sensing the cessation includes restoring the one or more wrap

parameters to original values.

[0016] Consistent with another aspect of the invention, an apparatus for
wrapping a load with packaging material may include a packaging material dispenser
for dispensing packaging material to the load, a rotational drive configured to
generate relative rotation between the packaging material dispenser and the load
about a center of rotation, and  a controller coupled to the packaging material
dispenser and the rotational drive and configured to sense one or more indications of
changes in packaging material characteristics during one or more wrap operations,
and change one or more wrap parameters used to wrap the load in response to
sensing the one or more indications, and wrap the load using the changed one or

more wrap parameters.

[0017] Some embodiments may also include an apparatus including a
processor and program code configured upon execution by the processor to control
a load wrapping apparatus of the type configured to wrap a load with packaging
material dispensed from a packaging material dispenser through relative rotation
between the packaging material dispenser and the load by performing any of the
aforementioned operations, as well as a program product including a non-transitory
computer readable medium and program code stored on the non-transitory computer
readable medium and configured to control a load wrapping apparatus of the type
configured to wrap a load with packaging material dispensed from a packaging
material dispenser through relative rotation between the packaging material

dispenser and the load by performing any of the aforementioned operations.

[0018] In some embodiments, the processor is in a controller of the load
wrapping apparatus, and the apparatus further includes a packaging material
dispenser for dispensing packaging material to the load, while in some
embodiments, the processor is in a device external to the load wrapping apparatus.
In some embodiments, the device is a mobile device, a single-user computer or a

multi-user computer.
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[0019] These and other advantages and features, which characterize the
invention, are set forth in the claims annexed hereto and forming a further part
hereof. However, for a better understanding of the invention, and of the advantages
and objectives attained through its use, reference should be made to the Drawings,
and to the accompanying descriptive matter, in which there is described example

embodiments of the invention.

Brief Description of the Drawings

[0020] FIGURE 1 shows a top view of a rotating arm-type wrapping

apparatus consistent with the invention.

[0021] FIGURE 2 is a schematic view of an example control system for use

in the apparatus of Fig. 1.

[0022] FIGURE 3 shows a top view of a rotating ring-type wrapping

apparatus consistent with the invention.

[0023] FIGURE 4 shows a top view of a turntable-type wrapping apparatus

consistent with the invention.

[0024] FIGURE 5 functionally illustrates a load wrapping apparatus suitable
for implementing packaging material quality compensation consistent with the

invention.

[0025] FIGURE 6 is a flowchart illustrating an example sequence of

operations for wrapping a load using the load wrapping apparatus of Fig. 5.

[0026] FIGURE 7 is a flowchart illustrating another example sequence of

operations for wrapping a load using the load wrapping apparatus of Fig. 5.

Detailed Description

[0027] Embodiments consistent with the invention may sense changes in
certain characteristics of a packaging material that can be associated with increased
risks of film breaks, and may automatically make certain changes in machine
settings to mitigate the impact of those enhanced risks. Additionally, in some

embodiments, changes in certain characteristics of packaging material that can be
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associated with reduced risk of film breaks may also be sensed and used to make
certain changes in machine settings to benefit the wrap process in either cost or
productivity. Prior to a further discussion of these techniques, however, a brief
discussion of various types of wrapping apparatus within which the various

technigues disclosed herein may be implemented is provided.

Wrapping Apparatus Configurations

[0028] Various wrapping apparatus configurations may be used in various
embodiments of the invention. For example, Fig. 1 illustrates a rotating arm-type
wrapping apparatus 100, which includes a roll carriage or elevator 102 mounted on a
rotating arm 104. Roll carriage 102 may include a packaging material dispenser
106. Packaging material dispenser 106 may be configured to dispense packaging
material 108 as rotating arm 104 rotates relative to a load 110 to be wrapped. In an
example embodiment, packaging material dispenser 106 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, tape, etc. The invention is therefore not
limited to use with stretch wrap packaging material. In addition, as used herein, the
terms “packaging material,” “web,” “film,” “film web,” and “packaging material web”
may be used interchangeably. Moreover, the breakage of any of the aforementioned
types of packaging materials will hereinafter be referred to as “film breaks,” so the
term should not be interpreted to imply that film breaks refer only to breakages

occurring in film-type packaging material webs.

[0029] Packaging material dispenser 106 may include a pre-stretch
assembly 112 configured to pre-stretch packaging material before it is applied to
load 110 if pre-stretching is desired, or to dispense packaging material to load 110
without pre-stretching. Pre-stretch assembly 112 may include at least one packaging
material dispensing roller, including, for example, an upstream dispensing roller 114

and a downstream dispensing roller 116. It is contemplated that pre-stretch
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assembly 112 may include various configurations and numbers of pre-stretch rollers,
drive or driven roller and idle rollers without departing from the spirit and scope of the

invention.

[0030] The terms "upstream" and "downstream," as used in this application,
are intended to define positions and movement relative to the direction of flow of
packaging material 108 as it moves from packaging material dispenser 106 to load
110. Movement of an object toward packaging material dispenser 106, away from
load 110, and thus, against the direction of flow of packaging material 108, may be
defined as "upstream." Similarly, movement of an object away from packaging
material dispenser 106, toward load 110, and thus, with the flow of packaging
material 108, may be defined as "downstream." Also, positions relative to load 110
(or a load support surface 118) and packaging material dispenser 106 may be
described relative to the direction of packaging material flow. For example, when two
pre-stretch rollers are present, the pre-stretch roller closer to packaging material
dispenser 106 may be characterized as the "upstream" roller and the pre-stretch
roller closer to load 110 (or load support 118) and further from packaging material

dispenser 106 may be characterized as the "downstream" roller.

[0031] A packaging material drive system 120, including, for example, an
electric motor 122, may be used to drive dispensing rollers 114 and 116. For
example, electric motor 122 may rotate downstream dispensing roller 116.
Downstream dispensing roller 116 may be operatively coupled to upstream
dispensing roller 114 by a chain and sprocket assembly, such that upstream
dispensing roller 114 may be driven in rotation by downstream dispensing roller 116.
Other connections may be used to drive upstream roller 114 or, alternatively, a
separate drive (not shown) may be provided to drive upstream roller 114. Moreover,
in some embodiments the roll of packaging material 108 may be undriven and may
rotate freely, while in other embodiments the roll may be driven, e.g., by biasing a
surface of the roll against upstream dispensing roller 114 or another driven roller, or

by driving the roll directly.

[0032] Downstream of downstream dispensing roller 116 may be provided

one or more idle rollers 124, 126 that redirect the web of packaging material, with the
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most downstream idle roller 126 effectively providing an exit point 128 from
packaging material dispenser 102, such that a portion 130 of packaging material 108
extends between exit point 128 and a contact point 132 where the packaging
material engages load 110 (or alternatively contact point 132’ if load 110 is rotated in

a counter-clockwise direction).

[0033] Wrapping apparatus 100 also includes a relative rotation assembly
134 configured to rotate rotating arm 104, and thus, packaging material dispenser
106 mounted thereon, relative to load 110 as load 110 is supported on load support
surface 118. Relative rotation assembly 134 may include a rotational drive system
136, including, for example, an electric motor 138. It is contemplated that rotational
drive system 136 and packaging material drive system 120 may run independently of
one another. Thus, rotation of dispensing rollers 114 and 116 may be independent of
the relative rotation of packaging material dispenser 106 relative to load 110. This
independence allows a length of packaging material 108 to be dispensed per a
portion of relative revolution that is neither predetermined nor constant. Rather, the
length may be adjusted periodically or continuously based on changing conditions.
In other embodiments, however, packaging material dispenser 106 may be driven
proportionally to the relative rotation, or alternatively, tension in the packaging
material extending between the packaging material dispenser and the load may be

used to drive the packaging material dispenser.

[0034] Wrapping apparatus 100 may further include a lift assembly 140. Lift
assembly 140 may be powered by a lift drive system 142, including, for example, an
electric motor 144, that may be configured to move roll carriage 102 vertically
relative to load 110. Lift drive system 142 may drive roll carriage 102, and thus
packaging material dispenser 106, generally in a direction parallel to an axis of
rotation between the packaging material dispenser 106 and load 110 and load
support surface 118. For example, for wrapping apparatus 100, lift drive system 142
may drive roll carriage 102 and packaging material dispenser 106 upwards and
downwards vertically on rotating arm 104 while roll carriage 102 and packaging
material dispenser 106 are rotated about load 110 by rotational drive system 136, to

wrap packaging material spirally about load 110.
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[0035] One or more of downstream dispensing roller 116, idle roller 124 and
idle roller 126 may include a corresponding sensor 146, 148, 150 to monitor rotation
of the respective roller. In particular, rollers 116, 124 and/or 126, and/or packaging
material 108 dispensed thereby, may be used to monitor a dispense rate of
packaging material dispenser 106, e.g., by monitoring the rotational speed of rollers
116, 124 and/or 126, the number of rotations undergone by such rollers, the amount
and/or speed of packaging material dispensed by such rollers, and/or one or more
performance parameters indicative of the operating state of packaging material drive
system 120, including, for example, a speed of packaging material drive system 120.
The monitored characteristics may also provide an indication of the amount of
packaging material 108 being dispensed and wrapped onto load 110. In addition, in
some embodiments a sensor, e.g., sensor 148 or 150, may be used to detect a

break in the packaging material.

[0036] Wrapping apparatus also includes an angle sensor 152 for
determining an angular relationship between load 110 and packaging material
dispenser 106 about a center of rotation 154. Angle sensor 152 may be
implemented, for example, as a rotary encoder, or alternatively, using any number of
alternate sensors or sensor arrays capable of providing an indication of the angular
relationship and distinguishing from among multiple angles throughout the relative
rotation, e.g., an array of proximity switches, optical encoders, magnetic encoders,
electrical sensors, mechanical sensors, photodetectors, motion sensors, etc. The
angular relationship may be represented in some embodiments in terms of degrees
or fractions of degrees, while in other embodiments a lower resolution may be
adequate. It will also be appreciated that an angle sensor consistent with the
invention may also be disposed in other locations on wrapping apparatus 100, e.g.,
about the periphery or mounted on arm 104 or roll carriage 102. In addition, in some
embodiments angular relationship may be represented and/or measured in units of
time, based upon a known rotational speed of the load relative to the packaging
material dispenser, from which a time to complete a full revolution may be derived
such that segments of the revolution time would correspond to particular angular
relationships. Other sensors may also be used to determine the height and/or other

dimensions of a load, among other information.

10
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[0037] Additional sensors, such as a load distance sensor 156 and/or a film
angle sensor 158, may also be provided on wrapping apparatus 100. Load distance
sensor 156 may be used to measure a distance from a reference point to a surface
of load 110 as the load rotates relative to packaging material dispenser 106 and
thereby determine a cross-sectional dimension of the load at a predetermined
angular position relative to the packaging material dispenser. In one embodiment,
load distance sensor 156 measures distance along a radial from center of rotation
154, and based on the known, fixed distance between the sensor and the center of
rotation, the dimension of the load may be determined by subtracting the sensed
distance from this fixed distance. Sensor 156 may be implemented using various
types of distance sensors, e.g., a photoeye, proximity detector, laser distance
measurer, ultrasonic distance measurer, electronic rangefinder, and/or any other
suitable distance measuring device. Exemplary distance measuring devices may
include, for example, an IFM Effector 01D100 and a Sick UM30-213118 (6036923).

[0038] Film angle sensor 158 may be used to determine a film angle for
portion 130 of packaging material 108, which may be relative, for example, to a
radial (not shown in Fig. 1) extending from center of rotation 154 to exit point 128
(although other reference lines may be used in the alternative). In one embodiment,
film angle sensor 158 may be implemented using a distance sensor, e.g., a
photoeye, proximity detector, laser distance measurer, ultrasonic distance measurer,
electronic rangefinder, and/or any other suitable distance measuring device. In one
embodiment, an IFM Effector 01D100 and a Sick UM30-213118 (6036923) may be
used for film angle sensor 158. In other embodiments, film angle sensor 158 may
be implemented mechanically, e.g., using a cantilevered or rockered follower arm
having a free end that rides along the surface of portion 130 of packaging material
108 such that movement of the follower arm tracks movement of the packaging
material. In still other embodiments, a film angle sensor may be implemented by a
force sensor that senses force changes resulting from movement of portion 130
through a range of film angles, or a sensor array (e.g., an image sensor) that is
positioned above or below the plane of portion 130 to sense an edge of the

packaging material.

11
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[0039] In other embodiments, some or all of sensors 146, 148, 150, 152,
156, 158 may be omitted.

[0040] Wrapping apparatus 100 may also include additional components
used in connection with other aspects of a wrapping operation. For example, a
clamping device 159 may be used to grip the leading end of packaging material 108
between wrap operations or cycles. In addition, a conveyor (not shown) may be
used to convey loads to and from wrapping apparatus 100. Other components
commonly used on a wrapping apparatus will be appreciated by one of ordinary skill

in the art having the benefit of the instant disclosure.

[0041] An example schematic of a control system 160 for wrapping
apparatus 100 is shown in Fig. 2. Motor 122 of packaging material drive system
120, motor 138 of rotational drive system 136, and motor 144 of lift drive system 142
may communicate through one or more data links 162 with a rotational drive variable
frequency drive ("VFD") 164, a packaging material drive VFD 166, and a lift drive
VFD 168, respectively. 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 understood that rotational drive VFD 164, packaging material drive VFD
166, and lift drive VFD 168 may produce outputs to controller 170 that controller 170

may use as indicators of rotational movement.

[0042] Controller 170 in the embodiment illustrated in Fig. 2 is a local
controller that is physically co-located with the packaging material drive system 120,
rotational drive system 136 and lift drive system 142. Controller 170 may include
hardware components and/or software program code that allow it to receive,
process, and transmit data. It is contemplated that controller 170 may be
implemented as a programmable logic controller (PLC), or may otherwise operate
similar to a processor in a computer system. Controller 170 may communicate with
an operator interface 174 via a data link 176. Operator interface 174 may include a
display or screen and controls that provide an operator with a way to monitor,
program, and operate wrapping apparatus 100. For example, an operator may use
operator interface 174 to enter or change predetermined and/or desired settings and

values, or to start, stop, or pause the wrap operation. Controller 170 may also

12



WO 2019/058334 PCT/IB2018/057339

communicate with one or more sensors, €.g., sensors 152 and 156, among others,
through a data link 178 to allow controller 170 to receive feedback and/or
performance-related data during wrapping, such as roller and/or drive rotation
speeds, load dimensional data, etc. It is contemplated that data links 162, 172, 176,
and 178 may include any suitable wired and/or wireless communications media

known in the art.

[0043] For the purposes of the invention, controller 170 may represent
practically any type of computer, computer system, controller, logic controller, or
other programmable electronic device, and may in some embodiments be
implemented using one or more networked computers or other electronic devices,
whether located locally or remotely with respect to the various drive systems 120,

136 and 142 of wrapping apparatus 100.

[0044] Controller 170 typically includes a central processing unit including at
least one microprocessor coupled to a memory, which may represent the random
access memory (RAM) devices comprising the main storage of controller 170, as
well as any supplemental levels of memory, e.g., cache memories, non-volatile or
backup memories (e.g., programmable or flash memories), read-only memories, etc.
In addition, the memory may be considered to include memory storage physically
located elsewhere in controller 170, e.g., any cache memory in a processor in CPU
52, as well as any storage capacity used as a virtual memory, e.g., as stored on a
mass storage device or on another computer or electronic device coupled to
controller 170. Controller 170 may also include one or more mass storage devices,
e.g., a floppy or other removable disk drive, a hard disk drive, a direct access
storage device (DASD), an optical drive (e.g., a CD drive, a DVD drive, etc.), and/or
a tape drive, among others. Furthermore, controller 170 may include an interface
190 with one or more networks 192 (e.g., a LAN, a WAN, a wireless network, and/or
the Internet, among others) to permit the communication of information to the
components in wrapping apparatus 100 as well as with other computers and
electronic devices, e.g. computers such as a desktop computer or laptop computer
194, mobile devices such as a mobile phone 196 or tablet 198, multi-user computers

such as servers or cloud resources, etc. Controller 170 operates under the control of

13
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an operating system, kernel and/or firmware and executes or otherwise relies upon
various computer software applications, components, programs, objects, modules,
data structures, etc. Moreover, various applications, components, programs,
objects, modules, etc. may also execute on one or more processors in another
computer coupled to controller 170, e.g., in a distributed or client-server computing
environment, whereby the processing required to implement the functions of a

computer program may be allocated to multiple computers over a network.

[0045] In general, the routines executed to implement the embodiments of
the invention, whether implemented as part of an operating system or a specific
application, component, program, object, module or sequence of instructions, or
even a subset thereof, will be referred to herein as "computer program code," or
simply "program code." Program code typically comprises one or more instructions
that are resident at various times in various memory and storage devices in a
computer, and that, when read and executed by one or more processors in a
computer, cause that computer to perform the steps necessary to execute steps or
elements embodying the various aspects of the invention. Moreover, while the
invention has and hereinafter will be described in the context of fully functioning
controllers, computers and computer systems, those skilled in the art will appreciate
that the various embodiments of the invention are capable of being distributed as a
program product in a variety of forms, and that the invention applies equally
regardless of the particular type of computer readable media used to actually carry

out the distribution.

[0046] Such computer readable media may include computer readable
storage media and communication media. Computer readable storage media is non-
transitory in nature, and may include volatile and non-volatile, and removable and
non-removable media implemented in any method or technology for storage of
information, such as computer-readable instructions, data structures, program
modules or other data. Computer readable storage media may further include RAM,
ROM, erasable programmable read-only memory (EPROM), electrically erasable
programmable read-only memory (EEPROM), flash memory or other solid state

memory technology, CD-ROM, digital versatile disks (DVD), or other optical storage,
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magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage
devices, or any other medium that can be used to store the desired information and
which can be accessed by controller 170. Communication media may embody
computer readable instructions, data structures or other program modules. By way
of example, and not limitation, communication media may include wired media such
as a wired network or direct-wired connection, and wireless media such as acoustic,
RF, infrared and other wireless media. Combinations of any of the above may also

be included within the scope of computer readable media.

[0047] Various program code described hereinafter may be identified based
upon the application within which it is implemented in a specific embodiment of the
invention. However, it should be appreciated that any particular program
nomenclature that follows is used merely for convenience, and thus the invention
should not be limited to use solely in any specific application identified and/or implied
by such nomenclature. Furthermore, given the typically endless number of manners
in which computer programs may be organized into routines, procedures, methods,
modules, objects, and the like, as well as the various manners in which program
functionality may be allocated among various software layers that are resident within
a typical computer (e.g., operating systems, libraries, API's, applications, applets,
etc.), it should be appreciated that the invention is not limited to the specific

organization and allocation of program functionality described herein.

[0048] In the discussion hereinafter, the hardware and software used to
control wrapping apparatus 100 is assumed to be incorporated wholly within
components that are local to wrapping apparatus 100 illustrated in Figs. 1-2, e.g.,
within components 162-178 described above. It will be appreciated, however, that in
other embodiments, at least a portion of the functionality incorporated into a
wrapping apparatus may be implemented in hardware and/or software that is
external to the aforementioned components. For example, in some embodiments,
some user interaction may be performed using an external device such as a
networked computer or mobile device, with the external device converting user or
other input into control variables that are used to control a wrapping operation. In

other embodiments, user interaction may be implemented using a web-type
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interface, and the conversion of user input may be performed by a server or a local
controller for the wrapping apparatus, and thus external to a networked computer or
mobile device. In still other embodiments, a central server may be coupled to
multiple wrapping stations to control the wrapping of loads at the different stations.
As such, the operations of receiving user or other input, converting the input into
control variables for controlling a wrap operation, initiating and implementing a wrap
operation based upon the control variables, providing feedback to a user, etc., may
be implemented by various local and/or remote components and combinations
thereof in different embodiments. In some embodiments, for example, an external
device such as a mobile device, a networked computer, a server, a cloud service,
etc. may generate a wrap model that defines the control variables for controlling a
wrap operation for a particular load, and that wrap model may then be
communicated to a wrapping apparatus and used by a controller therefor to control a
dispense rate during a wrap operation. As such, the invention is not limited to the

particular allocation of functionality described herein.

[0049] Now turning to Fig. 3, a rotating ring-type wrapping apparatus 200 is
illustrated. Wrapping apparatus 200 may include elements similar to those shown in
relation to wrapping apparatus 100 of Fig. 1, including, for example, a roll carriage or
elevator 202 including a packaging material dispenser 206 configured to dispense
packaging material 208 during relative rotation between roll carriage 202 and a load
210 disposed on a load support 218. However, a rotating ring 204 is used in
wrapping apparatus 200 in place of rotating arm 104 of wrapping apparatus 100. In
many other respects, however, wrapping apparatus 200 may operate in a manner

similar to that described above with respect to wrapping apparatus 100.

[0050] Packaging material dispenser 206 may include a pre-stretch
assembly 212 including an upstream dispensing roller 214 and a downstream
dispensing roller 216, and a packaging material drive system 220, including, for
example, an electric motor 222, may be used to drive dispensing rollers 214 and
216. Downstream of downstream dispensing roller 216 may be provided one or
more idle rollers 224, 226, with the most downstream idle roller 226 effectively

providing an exit point 228 from packaging material dispenser 206, such that a
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portion 230 of packaging material 208 extends between exit point 228 and a contact

point 232 where the packaging material engages load 210.

[0051] Wrapping apparatus 200 also includes a relative rotation assembly
234 configured to rotate rotating ring 204, and thus, packaging material dispenser
206 mounted thereon, relative to load 210 as load 210 is supported on load support
surface 218. Relative rotation assembly 234 may include a rotational drive system
236, including, for example, an electric motor 238. Wrapping apparatus 200 may
further include a lift assembly 240, which may be powered by a lift drive system 242,
including, for example, an electric motor 244, that may be configured to move

rotating ring 204 and roll carriage 202 vertically relative to load 210.

[0052] In addition, similar to wrapping apparatus 100, wrapping apparatus
200 may include sensors 246, 248, 250 on one or more of downstream dispensing
roller 216, idle roller 224 and idle roller 226. Furthermore, an angle sensor 252 may
be provided for determining an angular relationship between load 210 and packaging
material dispenser 206 about a center of rotation 254, and in some embodiments,
one or both of a load distance sensor 256 and a film angle sensor 258 may also be
provided. Sensor 252 may be positioned proximate center of rotation 254, or
alternatively, may be positioned at other locations, such as proximate rotating ring
204. Wrapping apparatus 200 may also include additional components used in
connection with other aspects of a wrapping operation, e.g., a clamping device 259

may be used to grip the leading end of packaging material 208 between cycles.

[0053] Fig. 4 likewise shows a turntable-type wrapping apparatus 300, which
may also include elements similar to those shown in relation to wrapping apparatus
100 of Fig. 1. However, instead of a roll carriage or elevator 102 that rotates around
a fixed load 110 using a rotating arm 104, as in Fig. 1, wrapping apparatus 300
includes a rotating turntable 304 functioning as a load support 318 and configured to
rotate load 310 about a center of rotation 354 (through which projects an axis of
rotation that is perpendicular to the view illustrated in Fig. 4) while a packaging
material dispenser 306 disposed on a roll carriage or elevator 302 remains in a fixed

location about center of rotation 354 while dispensing packaging material 308. In
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many other respects, however, wrapping apparatus 300 may operate in a manner

similar to that described above with respect to wrapping apparatus 100.

[0054] Packaging material dispenser 306 may include a pre-stretch
assembly 312 including an upstream dispensing roller 314 and a downstream
dispensing roller 316, and a packaging material drive system 320, including, for
example, an electric motor 322, may be used to drive dispensing rollers 314 and
316, and downstream of downstream dispensing roller 316 may be provided one or
more idle rollers 324, 326, with the most downstream idle roller 326 effectively
providing an exit point 328 from packaging material dispenser 306, such that a
portion 330 of packaging material 308 extends between exit point 328 and a contact
point 332 (or alternatively contact point 332’ if load 310 is rotated in a counter-

clockwise direction) where the packaging material engages load 310.

[0055] Wrapping apparatus 300 also includes a relative rotation assembly
334 configured to rotate turntable 304, and thus, load 310 supported thereon,
relative to packaging material dispenser 306. Relative rotation assembly 334 may
include a rotational drive system 336, including, for example, an electric motor 338.
Wrapping apparatus 300 may further include a lift assembly 340, which may be
powered by a lift drive system 342, including, for example, an electric motor 344, that
may be configured to move roll carriage or elevator 302 and packaging material

dispenser 306 vertically relative to load 310.

[0056] In addition, similar to wrapping apparatus 100, wrapping apparatus
300 may include sensors 346, 348, 350 on one or more of downstream dispensing
roller 316, idle roller 324 and idle roller 326. Furthermore, an angle sensor 352 may
be provided for determining an angular relationship between load 310 and packaging
material dispenser 306 about a center of rotation 354, and in some embodiments,
one or both of a load distance sensor 356 and a film angle sensor 358 may also be
provided. Sensor 352 may be positioned proximate center of rotation 354, or
alternatively, may be positioned at other locations, such as proximate the edge of
turntable 304. Wrapping apparatus 300 may also include additional components

used in connection with other aspects of a wrapping operation, e.g., a clamping
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device 359 may be used to grip the leading end of packaging material 308 between

cycles.

[0057] Each of wrapping apparatus 200 of Fig. 3 and wrapping apparatus
300 of Fig. 4 may also include a controller (not shown) similar to controller 170 of
Fig. 2, and receive signals from one or more of the aforementioned sensors and
control packaging material drive system 220, 320 during relative rotation between

load 210, 310 and packaging material dispenser 206, 306.

[0058] Those skilled in the art will recognize that the example environments
illustrated in Figs. 1-4 are not intended to limit the present invention. Indeed, those
skilled in the art will recognize that other alternative environments may be used

without departing from the scope of the invention.

Packaging Material Quality Compensation

[0059] In some embodiments, characteristics of packaging material that are
associated with increased and/or reduced risks of film breaks may be sensed and
used to change the settings of a load wrapping apparatus to improve the operation of
the load wrapping apparatus, e.g., to mitigate the impact of risks and/or benefit the
wrap process in either cost or productivity. In particular, it has been found that
relationships exist between certain characteristics of packaging material and
increased film breaks. Consistent with the invention, various mitigating strategies
may be employed for each of these characteristics that may be initiated when

changes to packaging material characteristics are sensed.

[0060] In some embodiments, for example, it has been found that certain
changes in packaging material characteristics may be impactful, including:
packaging material "gels" as measured with a high speed video camera, packaging
material holes as measured by an ultrasonic sensor (e.g., a Sick Ultrasonic UC4-
11341 6034667 film sensor), force to pre-stretch the packaging material at a given
payout percentage, e.g., as measured by a load cell on an intermediate idle roller,
packaging material tension at a specific payout percentage, e.g., as measured by a
load cell on a downstream idle roller, unwind force on packaging material from a

supply roll, and visible packaging material roll surface (e.g., wrinkles, air entrapment,
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edge feather, gauge bands, etc.), among others. These packaging material
characteristics in some instances may be considered to be packaging material
quality characteristics as they are indicative of the relative quality of a packaging

material as compared to that packaging material's regular specifications.

[0061] Consistent with some embodiments of the invention, changes may be
made to mitigate specific combinations of packaging material changes as sensed in
the manner discussed above, including: change in payout percentage or packaging
material tension, change in pre-stretch percentage, and/or change in packaging
material feed control. In addition, in some embodiments, an alert notification (e.g.,
an alert banner) may be generated to indicate to an operator the impact of the

changes made.

[0062] In some embodiments, for example, a sensor array may be provided
in a pre-stretch or other zone of a film delivery system or packaging material
dispenser, and in response to detecting one or more changes in packaging material
characteristics, automatic adjustments may be made to mitigate these changes in
packaging material characteristics and potentially decrease the incidence of film
breaks during wrapping. It will be appreciated that in some embodiments, a control
system of a wrapping apparatus may receive one or more indications of changes in
packaging material characteristics and may, in response, react to such indications
with changes to one or more wrapping apparatus settings to optimize machine

performance and/or packaging material cost.

[0063] Now turning to Fig. 5, this figure functionally illustrates an example
load wrapping apparatus 400 consistent with some embodiments of the invention.
Apparatus 400 may include a packaging material dispenser that dispenses a web of
packaging material 402 from a roll 404 and past upstream and downstream
dispensing rollers 406, 408 of a pre-stretch assembly, as well as between upstream
and downstream idle roliers 410, 412 that are respectively disposed upstream and
downstream of downstream dispensing roller 408. A controller 414 controls a
dispense rate of the packaging material dispenser by controlling a packaging
material drive 416 coupled to downstream dispensing roller 408. In addition, while in

some embodiments dispensing rollers 406 and 408 may be mechanically coupled to
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one another to rotate at a fixed or adjustable ratio relative to one another to provide a
fixed or adjustable pre-stretch, in other embodiments, and as illustrated in Fig. 5,
dispensing roller 406 may be driven by a separate pre-stretch drive 418 that enables
the pre-stretch ratio to be controlled electronically, and in some instances,

dynamically during a wrap operation.

[0064] In addition, while in some embodiments, roll 404 may be unpowered,
in other embodiments, including as shown in Fig. 5, the roll may be driven by a drive

420, which in some embodiments may be configured as an electronic brake.

[0065] During a wrap operation, controller 414 may control drives 416, 418
and 420 to control the dispensation of packaging material from roll 404 to a load,
which when coupled with control over a rotational drive 422 that controls relative
rotation between the packaging material dispenser and the load, wraps packaging
material around the load in a controlled manner. It will be appreciated that additional
aspects of controlling load wrapping apparatus 400, including, for example, carriage
control and various sensors used to detect various aspects of a wrap operation, may
also be incorporated into load wrapping apparatus 400 but are not illustrated in Fig.
5.

[0066] A suite of sensors 424-436 may be used in some embodiments to
sense various characteristics of the packaging material that are associated with
increased risk of film breaks, and controller 414 may be configured to alter one or
more wrap parameters in response to these sensed characteristics, e.g., in response
to detected changes in packaging material characteristics. It will be appreciated,
however, that in other embodiments, different combinations of these sensors 424-
436 may be used, and that some of such sensors may be used alone in some
embodiments. Furthermore, the placement of these sensors can vary in different
embodiments, so the various placements illustrated in Fig. 5 are not exclusive, and
the invention is therefore not limited to the particular sensor placements illustrated
herein. In particular, various locations within a pre-stretch or other zone of a
packaging material dispenser, or within a film delivery system, may be used in

different embodiments.
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[0067] One type of sensor that may be used, for example, is an image
sensor 424, e.g., a high speed video camera or other suitable image sensor, which
can be used to sense the presence of packaging material “gels” formed on the
surface of the packaging material. Gels are generally unmelted plastic in a
packaging material web that can cause breaks towards the center of the packaging
material, and may be detectable from image data collected by image sensor 424,
e.g., when positioned between upstream dispensing roller 406 and upstream idle

roller 410, or in another suitable location.

[0068] Another type of sensor that may be used, for example, is an
ultrasonic sensor 426, e.g., a Sick Ultrasonic UC4-11341 6034667 film sensor, which
can be used to sense holes in the packaging material web. Sensor 426 may be
positioned between downstream idle roller 410 and downstream dispensing roller
408, or in other suitable locations. In some embodiments, positioning sensor 426
within the pre-stretch assembly or downstream of the pre-stretch assembly may be
beneficial due to the fact that pre-stretching can enlarge holes in some instances,

thereby making holes easier to detect.

[0069] Another type of sensor that may be used is force sensor 428, e.g., a
load cell mechanically coupled to upstream idle roller 410 or another suitable
arrangement for measuring tension (e.g., a dancer bar), to sense the tension in the
packaging material between the upstream and downstream dispensing rollers 406,
408. Such a sensor may be used, for example, to sense the force required to pre-
stretch the packaging material at a given payout percentage or other wrap force

parameter.

[0070] Still another type of sensor that may be used is force sensor 430,
e.g., a load cell mechanically coupled to downstream idle roller 412 or another
suitable arrangement for measuring tension (e.g., a dancer bar), to sense the tension
in the packaging material between the downstream dispensing roller 408 and the
load. Such a sensor may be used, for example, to sense packaging material tension

at a given payout percentage or other wrap force parameter.
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[0071] Another type of sensor that may be used is force sensor 432, e.g., a
load cell mechanically coupled to dancer bar 434, or alternatively an idle roller, to
sense the tension in the packaging material between the roll 404 and upstream
dispensing roller 406, which is indicative of an unwind force on the packaging

material from the roll.

[0072] Still another type of sensor that may be used is an image sensor 436,
e.g., a high speed video camera or other suitable image sensor, which can be used
to sense the presence of defects on the surface of roll 404 and/or in the packaging
material web 402 as it exits the roll, e.g., wrinkles, air entrapment, edge feather,

gauge bands, die lines, nicked or torn edges, etc.

[0073] In response to the outputs of any of sensors 424-436, controller 414
may detect one or more characteristics of the packaging material associated with
increased incidence of film breaks, and in response thereto, mitigate the risks by
modifying one or more wrap parameters, e.g., to change a payout percentage,
tension or other wrap force parameter (e.g., to vary the dispense rate controlled by
packaging material drive 416 relative to the relative rotation rate controlled by
rotational drive 422), to change a pre-stretch ratio or percentage (e.g., to vary the
relative rates of rotation controlled by drives 416, 418), to change a packaging
material feed control (e.g., to vary the drive or braking of roll 404 by drive 420), or
various combinations thereof. In addition, other aspects of a wrap operation, e.g.,
the carriage speed, the number of layers of packaging material, etc., may also be
varied in some embodiments, e.g., to maintain containment force by compensating
for decreases in payout percentage or wrap force by wrapping the load with
additional layers of packaging material. As another alternative, a parameter of a
roping mechanism 438, which rolls or otherwise forms a rope along an edge of the
packaging material web 402, may also be modified, e.g., to engage or disengage the
mechanism, or to control an extent to which the edge of the web of packaging

material is roped or rolled.

[0074] Moreover, whenever the outputs of any of sensors 424-436 indicate
that any previously-sensed characteristics of the packaging material are no longer

being detected (i.e., a positive change in packaging material characteristics, or a
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cessation in detecting indications of changes in packaging material characteristics
indicative of a decrease in packaging material quality), controller 414 may restore
any previously-modified wrap parameters to their original values, or otherwise modify
the wrap parameters from the values selected when attempting to mitigate the
incidence of film breaks. As one example, if a number of gels are detected along a
length of the packaging material web, one or more wrap parameters may be
modified from their original settings to decrease the likelihood of film breaks, and if
later no gels are detected, the wrap parameters may be modified once again, but
potentially to intermediate values that are not equal to the original values, but are still
modified relative to those used when the gels were detected to accommodate the

relatively higher risk that gels could be encountered on the same roll in the future.

[0075] In addition, in some embodiments, one or more alerts may be
generated on an operator interface 440, e.g., via an audible alert, a visual alert (e.g.,
a banner) on a display mounted to the load wrapping apparatus, a visual alert on a
mobile or other external device in communication with the load wrapping apparatus,
a text or email alert communicated to a mobile or other external device in
communication with the load wrapping apparatus, or other notifications as will be

apparent to those of ordinary skill having the benefit of the instant disclosure.

[0076] Fig. 6, for example, illustrates an example sequence of operations
500 suitable for execution by controller 414 of load wrapping apparatus 400 when
performing a wrap operation. In block 502, the wrap operation is initiated using
various selected parameters, e.g., payout percentage or wrap force, number of
layers, tension, carriage speed, roping/no roping, etc. The selected parameters may
be provided, for example, in a wrap profile retrieved by an operation, via manual

input through the operator interface, or in other suitable manners.

[0077] Next, in block 504, the various sensors utilized in load wrapping
apparatus 400 may be monitored to detect the packaging material quality during the
wrap operation, i.e., to attempt to detect one or more characteristics of the packaging
material that are associated with increased incidences of film breaks. Block 506
determines whether a negative change in packaging material quality has been

detected, e.g., in response to sensing one or more characteristics exhibiting a
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greater risk of film breaks. If not, control passes to block 508 to determine whether a
positive change in packaging material quality has been detected, e.g., in response to
no longer sensing one or more characteristics exhibiting a greater risk of film breaks.
If no changes have been detected in packaging material quality, block 508 passes
control to block 510, which, so long as the wrap operation is not complete, passes
control to block 504 to continue the wrap operation while continuing to monitor

packaging material quality.

[0078] Returning to block 5086, if a negative change in packaging material
quality is detected, control passes to block 512 to change or modify one or more
wrap parameters to mitigate the risk of film breaks, and then to block 510 to continue
with the wrap operation using the modified wrap parameters. As an example, it may
be determined that gels have been detected on the roll, and as a result it may be
desirable to lower the payout percentage 10%, and potentially add another layer of

packaging material to the load when wrapping.

[0079] Likewise, if a positive change in packaging material quality is
detected, block 508 passes control to block 514 to restore one or more wrap
parameters based upon the reduced risk of film breaks, and then to block 510 to
continue with the wrap operation using the restored wrap parameters. It will be
appreciated that in some embodiments, block 514 may simply restore original wrap
parameters based upon a cessation of sensed indications of changes in packaging
material characteristics. In other embodiments, however, block 514 may modify
wrap parameters relative to those used to mitigate film breaks, while still using

values that are different from the original wrap parameters.

[0080] In addition, while Fig. 6 illustrates a single wrap operation, in some
embodiments, monitoring of packaging material quality may be performed over
multiple wrap operations such that sensed indications of changes in one wrap
operation may be used to vary one or more wrap parameters used in another wrap
operation. It will be appreciated, in particular, that a single roll of packaging material
may be used to wrap multiple loads, so if a quality issue is detected in the roll during
one wrap operation, that quality issue will likely exist for subsequent wrap

operations.
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[0081] Fig. 7, for example, illustrates another example sequence of
operations 520 suitable for execution by controller 414 of load wrapping apparatus
400 when performing a wrap operation. In block 522, the selected wrap parameters
for the current wrap operation are obtained, and in block 524, a determination of
whether any packaging material quality modifications are currently active, e.g.,
based upon the last wrap operation. If so, any active packaging material quality
modifications are applied to the selected wrap parameters, e.g., to modify one or
more of the selected wrap parameters to mitigate film break risks, and the wrap
operation is initiated in block 528. As an example, from a prior wrap operation it may
be determined that gels have been detected on the roll, and as a result it may be
desirable to lower the payout percentage 10%, and potentially add another layer of
packaging material to the load when wrapping. If no modifications are active,
however, block 524 may bypass block 526, and proceed with the wrap operation

using the selected wrap parameters.

[0082] Thereafter, as illustrated by blocks 530-540, wrapping proceeds in a
similar manner to blocks 504-514 of Fig. 6. However, upon completion of the wrap
operation, block 536 passes control to block 542 to store any active packaging
material quality modification(s) for use in subsequent wrap operations (e.g., as
described above in connection with blocks 524 and 526). As such, monitoring of
packaging material quality and mitigation of film break risks may occur over the

course of multiple wrap operations in some embodiments.

[0083] Other embodiments will be apparent to those skilled in the art from
consideration of the specification and practice of the present invention. Therefore the

invention lies in the claims set forth hereinafter.
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What is claimed is:

1. A method of controlling a load wrapping apparatus of the type configured to
wrap a load with packaging material dispensed from a packaging material dispenser
through relative rotation between the packaging material dispenser and the load, the
method comprising:

sensing one or more indications of changes in packaging material
characteristics during one or more wrap operations; and
changing one or more wrap parameters used to wrap the load in

response to sensing the one or more indications.

2. The method of claim 1, wherein changing the one or more wrap
parameters optimizes load wrapping apparatus performance and/or packaging

material cost.

3. The method of claim 1, wherein changing the one or more wrap

parameters reduces an incidence of film breaks.

4. The method of claim 1, wherein the one or more indications includes a
packaging material gel, a packaging material hole, a force to pre-stretch at a given
payout percentage, a tension at a payout percentage, an unwind force on a

packaging material supply roll, and/or a visible packaging material roll surface.

5. The method of claim 4, wherein the visible packaging material roll surface
includes one or more of a wrinkle, air entrapment, edge feather, edge flaw, torn

edge, nicked edge, die line, and/or gauge band.

6. The method of claim 1, wherein the one or more wrap parameters includes
a payout percentage, a tension, a pre-stretch percentage, and/or a packaging

material feed control.

7. The method of claim 1, wherein the one or more wrap parameters includes
a roping mechanism parameter that controls roping or rolling of an edge of the

packaging material.
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8. The method of claim 1, further comprising generating an alert to indicate to

an operator an impact of any changes made.

9. The method of claim 1, wherein sensing the one or more indications is
performed by a sensor array in a pre-stretch zone of the packaging material

dispenser.

10. The method of claim 1, wherein sensing the one or more indications
includes sensing a gel on the packaging material with an image sensor directed at a

web of the packaging material.

11. The method of claim 1, wherein sensing the one or more indications
includes sensing a hole in the packaging material with an ultrasonic sensor directed

at a web of the packaging material.

12. The method of claim 1, wherein sensing the one or more indications
includes sensing a force to pre-stretch at a given payout percentage with a force
sensor coupled to an idle roller disposed between upstream and downstream

dispensing rollers of a pre-stretch assembly.

13. The method of claim 1, wherein sensing the one or more indications
includes sensing a tension at a given payout percentage with a force sensor coupled

to an idle roller disposed downstream of a pre-stretch assembly.

14. The method of claim 1, wherein sensing the one or more indications
includes sensing an unwind force on a packaging material supply roll with a force

sensor coupled upstream of a pre-stretch assembly.

15. The method of claim 1, wherein sensing the one or more indications

includes sensing a visible packaging material roll surface with an image sensor.

16. The method of claim 1, further comprising:
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sensing a cessation of the one or more indications of changes in
packaging material characteristics; and
changing the one or more wrap parameters in response to sensing the

cessation.

17. The method of claim 16, wherein changing the one or more wrap
parameters in response to sensing the cessation includes restoring the one or more

wrap parameters to original values.

18. The method of claim 1, wherein sensing the one or more indications of
changes in packaging material characteristics is performed during a first wrap
operation, and changing the one or more wrap parameters used to wrap the load in
response to sensing the one or more indications is performed during a second wrap

operation.

19. The method of claim 1, wherein sensing the one or more indications of
changes in packaging material characteristics and changing the one or more wrap
parameters used to wrap the load in response to sensing the one or more indications

are performed during the same wrap operation.

20. A method of controlling a load wrapping apparatus of the type configured
to wrap a load on a load support with packaging material dispensed from a
packaging material dispenser through relative rotation between the packaging
material dispenser and the load support, the method comprising:
sensing one or more indications of changes in packaging material
characteristics during one or more wrap operations and indicative of a
decrease in quality in the packaging material;
changing one or more wrap parameters used to wrap the load in
response to sensing the one or more indications;
thereafter sensing a cessation of the one or more indications of
changes in packaging material characteristics; and
changing the one or more wrap parameters in response to sensing the

cessation.
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21. The method of claim 20, wherein changing the one or more wrap
parameters in response to sensing the cessation includes restoring the one or more

wrap parameters to original values.

22. An apparatus for wrapping a load with packaging material, the apparatus
comprising:

a packaging material dispenser for dispensing packaging material to
the load:;

a rotational drive configured to generate relative rotation between the
packaging material dispenser and the load about a center of rotation; and

a controller coupled to the packaging material dispenser and the
rotational drive and configured to sense one or more indications of changes in
packaging material characteristics during one or more wrap operations, and
change one or more wrap parameters used to wrap the load in response to
sensing the one or more indications, and wrap the load using the changed

one or more wrap parameters.

23. An apparatus, comprising a processor and program code configured
upon execution by the processor to control a load wrapping apparatus of the type
configured to wrap a load with packaging material dispensed from a packaging
material dispenser through relative rotation between the packaging material

dispenser and the load by performing the method of any one of claims 1-21.

24. The apparatus of claim 23, wherein the processor is in a controller of the
load wrapping apparatus, and wherein the apparatus further comprises a packaging

material dispenser for dispensing packaging material to the load.

25. The apparatus of claim 23, wherein the processor is in a device external

to the load wrapping apparatus.

26. The apparatus of claim 25, wherein the device is a mobile device, a

single-user computer or a multi-user computer.
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27. A program product, comprising a non-transitory computer readable
medium and program code stored on the non-transitory computer readable medium
and configured to control a load wrapping apparatus of the type configured to wrap a
load with packaging material dispensed from a packaging material dispenser through
relative rotation between the packaging material dispenser and the load, wherein the
program code is configured to control the load wrapping apparatus by performing

any of the methods of claims 1-21.
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