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(57) Abréegée/Abstract:

The present invention provides a method and apparatus for dispensing a predetermined fixed amount of pre-stretched film based
upon load girth. A non-rotating ring carries a belt. A film dispenser Is mounted on a rotating ring, and the rotating ring includes a
pulley that connects to the belt. Based upon the girth of the load to be wrapped, an amount of pre-stretched film to be dispensed
for each revolution made by the rotating ring Is determined. Good wrapping performance In terms of load containment (wrap force)
and optimum film use Is obtained by dispensing a length of pre-stretched film that I1s between approximately 100% and
approximately 130% of load girth. Once the amount of film to be dispensed per revolution Is determined, a mechanical ratio of ring
drive to final pre-stretch surface speed (i.e., number of pre- stretch roller revolution/ ring rotation) can be set. Thus, for each
revolution of the rotating ring and dispenser, a predetermined fixed amount of film Is dispensed and wrapped around the load.
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ABSTRACT:

The present invention provides a method and apparatus for dispensing
a predetermined fixed amount of pre-stretched film based upon load girth. A
non-rotating ring carries a belt. A film dispenser is mounted on a rotating ring,
and the rotating ring includes a pulley that connects to the belt. Based upon
the girth of the load to be wrapped, an amount of pre-stretched film to be
dispensed for each revolution made by the rotating ring is determined. Good
wrapping performance in terms of load containment (wrap force) and optimum
film use is obtained by dispensing a length of pre-stretched film that is
between approximately 100% and approximately 130% of load girth. Once
the amount of film to be dispensed per revolution is determined, a mechanical
ratio of ring drive to final pre-stretch surface speed (i.e., number of pre-stretch
roller revolution/ rihg rotation) can be set. Thus, for each revolution of the
rotating ring and dispenser, a predetermined fixed amount of film is dispensed

and wrapped around the load.
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METHOD AND APPARATUS FOR DISPENSING A PREDETERMINED
AMOUNT OF FILM RELATIVE TO LOAD GIRTH

DESCRIPTION OF THE INVENTION

tield of the Invention

[002] The present invention relates to methods and apparatus for
wrapping a load with packaging material, and more particularly, stretch

wrapping.

- Background of the Invention

[003] Various packaging techniques have been used to build a load of
unit products and subsequently wrap them for transportation, storage,
containment and stabiliz;'ation, protection and waterproofing. One system
uses stretch wrapping machines fo stretch, dispense and wrap stretch
packaging material around a load. Stretch 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. Pallet stretch wrapping, whether accomplished by a turntable,
rotating arm, vertical rotating ring, or horizontal rotating ring, typically covérs
the four vertical sides of the load with a streichable film such as polyethylene

film. In each of these arrangements, relative rotation is provided between the
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load and the packaging material dispenser {o wrap packaging material about
the sides of the load.

[004] Stretch wrapping machines provide relative rotation between a
stretch wrap packaging dispenser and a load either by driving the stretch wrap
packaging dispenser around a stationary load or rotating the load on a
turntable. Upon relative rotation, packaging material is wrapped on the load.

- Ring style stretch wrappers generally include a roll of packaging matenal
mounted in a dispenser, which rotates about the load on a ring. Wrapping
rings are categorized as vertical rings or horizontal rings. Vertical rings move
vertically between an upper and lower position to wrap film around a load. In
a vertical ring, as in turmntable and rotating wrap arm apparatuses, the four
vertical sides of the load are wrapped, along the height of the load. Horizontal
rings are stationary and the load moves through the ring, usually on a
conveyor, as the dispenser rotates around the load to wrap packaging
material around the load. In the horizontal ring, the length of the load is
wrapped. As the load moves through the ring and off the conveyor, the

packaging material slides off the conveyor (surface supporting the load) and

into contact with the load.

[005] Historically, ring style wrappers have suffered from excessive
film breaks and limitations on the amount of containment 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
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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 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 dispenser, breakage of the packaging
material may occur.

[006] When stretch wrapping a typical rectangular load, the demand
for packaging material varies, decreasing as the packaging material
approaches contact with a comer of the load and increasing after contact with
the comer of the load. When wrapping axtall, narrow load or a short load, the
variation in the demand rate is even greater than in a typical rectangular load.
In vertical 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 ring apparatus, the variation is caused by a difference
between the height of the load (distance above the conveyor) and the width of
the load. | ,

[007] The amount of force, or pull, that fhe packaging material exhibits
on the load determines how tightly and securely the load is wrapped.
Conventionally, this force is controlled by controlling the feed or supply rate of
the packaging material dispensed by the packaging rhaterial dispenser with

respect to the demand rate of packaging material required by the load. Efforts

have been made to supply the packaging material at a constant tension or at
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a supply rate that increases as the demand rate increases and decreases as
the demand rate decreases. However, when variations in the demand rate
are large, fluctuations between the feed and demand rates result in loose
packaging of the load or breakage of the packaging material during wrapping.
[008] The wrap force of all known commerciaily available pallet stretch
wrapping is controlled by sensing changes in demand and attempting to alter
supply of film such that relative constant film wrap force is maintainéd. With
the invention of powered pre-stretching devices, sensing force and speed
changes was immediately recognized to be critically important. This has been
accomplished using feedback mechanisms typically linked to spring loaded
dancer bars and electronic load cells. The changing force on the film caused
by rotating a rectangular shaped load is transmitted back through the film to
some type of sensing device which attempts to vary the speed of the moftor
driven pre-stretch dispenser o minimize the force change on the film incurred
by the changing film demand. The passage of the corner causes the force on
the film to increase. This increase force is typically transmitted back to an
electronic load cell, spring-loaded dancer interconnected with a sensing
means, or by speed change to a torque control device. After the comer is
passed the force on the flim reduces as the film demand decreases. This
force or speed is transmitted back to some device that in furn reduces the film

supply to attempt to maintain a relatively constant wrap force.
[009] For example, U.S. Patent No. 4,418,510 includes an

embodiment that sets a pre-stretch roller speed to a reference speed faster or
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slower than the rotating load. This embodiment experienced no commercial
success due the difficulty of practically achieving that process with market
acceptable cost and satisfactory wrap performance. Accurately setting and
maintaining the reference speeds with the disclosed embodiments proved
problematic.

[010] These concepts have proven themselves to be satisfactory for
relatively lower rotation speeds where the response time of the sensing
device and the physical inertia permit synchronous speed change with comner
passage.

[011] With the ever faster wrapping rates demanded by the industry,
rotation speeds have increased significantly to a point where the concept of
sensing demand change and altering supply speed is no longer effective. The
delay of response has been observed {o begin to move out of phase with
rotation at approximately 20 RPM. The actual response time for the rotating
mass of film roll and rollers approximating 100 Ibs must shift from accelerate
to decelerate eight times per revolution, which at 20 RPM is a shift more than
every 7z sec.

1012] Even more significant is the need to minimize the acceleration
and deceleration times for these faster cycles. Initial acceleration must pull
against the clamped film, which typically cannot stand a high force, especially

| the high force of rapid acceleration. Thus, acceleration cannot be maintained

by the feedback mechanisms described above.



CA 02758148 2011-11-08

WO 2006/110596 | PCT/US2006/013178

_B -

[013] Film dispensers mounted on horizontally rotating rings present
additional special issues concerning effectively wrapping at high speeds. All
commercially available ring wrappers in use depend upon electrically powered
motors to drive the pre-stretch film dispensers. The power for these motors
must be transmitted to the rotating ring. This is typically done through electric

~ slip rings mounted to the rotating ring with an electrical pick up finger mounted
to the fixed frame. Alternately, others have attempted tq charge a battery or
run a generator during ring rotation. All of these devices suffer complexity,
cost and maintenance issues. But even more importantly they add significant
weight to the rotating ring which impacts its ability to accelerate and
decelerate rapidly.

[014] Film dispensers mounted on vertically rotating rings have the
additional probiem of gravity forces added 10 centrifugal forces of high-speed
rotation. High-speed wrappers have therefore required expensive and very
heavy two part bearings to support the film dispensers. The presence of the
outer race on these bearings has made it possible to provide a belt drive to
the pre-stretch dispenser. This drive is taken through a cluich type torque
device to deliver the variable demand rate required for wrap force desired.

[015] Due to the problems.described above, use of high speed
wrapping has been limited to relatively lower wrap forces and pre-stretch

levels where the loss of control at high speeds does not produce undesirable

film breaks.
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SUMMARY OF THE INVENTION

[016] In accordance with the invention, a method and apparatus ior
dispensing a predetermined fixed amount of pre-stretched film relative 1o load
girth is provided.

[017] In one aspect, the presently disclosed embodiments may be
directed to an apparatus for stretch wrapping a load. The apparatus may
include a non-rotating frame, and a rotatable ring supported by the non-
rotating frame. The apparatus may also include a film dispenser having a pre-
stretch portion, the film dispenser being mounted on the rotatable ring. The
apparatus may further include a non-rotatable ring vertically movable with the

rotatable ring relative to the non-rotating frame. The apparatus may also
include a drive mechanism configured to rotate the rotatable ring while driving

the pre-stretch portion to dispense a pre-determined constant length of pre-

stretched film for each revolution of the rotatable ring.

[018] In another aspect, the presently disclosed embodiments
may be directed to an apparatus for stretch wrapping a load. The

apparatus may include a rotatable ring. The apparatus may also include

a film dispenser having a pre-stretch portion, the film dispenser being
mounted on the rotatable ring. The apparatus may further include a first
drive belt configured to rotate the rotatable ring, and a second drive belt
carried on a non-rotatable ring that passes over a pulley connected to the
rotatable ring. The second drive belt may drive the pre-stretch portion of
the film dispenser to cause a pre-determined fixed length of film to be

dispensed for each revolution of the rotatabie ring.
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[019] In yet another aspect, the presently disclosed embodiments
may be directed to a method for stretch wrapping a load. The method may
include determining a girth of a load to be wrapped. The method may also
include determining a fixed amount of pre-stretched film to be dispensed for
each revolution of a film dispenser around the load based on the girth of the
load. The method may further include rotating the film dispenser, mounted on
a rotatable ring, around the Ioad. The method may further include dispensing
the predetermined fixed amount of pre-stretched film during each revolution of
the film dispenser around the load to wrap the pre-stretched film around the
load.

[020] In yet another aspect, the presently disclosed embodiments may
be directed to an apparatus for stretch wrapping a load. The apparatus may
include a rotatable ring, and a film dispenser mounted-on the ring. The
dispenser may include a pre-stretch portion having upstream and downstream
pre-stretch rollers. The apparatus may further include a drive mechanism
configured to rotate the ring and configured to rotate the downstream pre-
stretch roller a pre-determined number of revolutions for each rotation of the
ring. The pre-determined number of revolutions of the roller may be selected
to cause the dispenser to dispense a fixed length of film for each revolution of
the ring. The fixed length of film may be between approximately 100% and
approximétely 130% of a girth of the load.

[021] In yet another aspect, the presently disclosed embodiments may

be directed to a method of stretch wrapping a load. The method may include
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providing a film dispenser mounted on a rotatable ring. The film dispen‘ser
may also include a pre-stretch portion having upstream and downstream pre-
stretch rollers. The method may further include determining a girth of a load
to be wrapped, and determining a fixed amount of pre-stretched film to be
dispensed for each revolution of a film dispenser around the load based on
the girth of the load. The method may further include determining a fixed
number of revolutions for the downstream pre-stretch roller for each revolution
of the film dispenser around the load based on the fixed amount of pre-
stretched film to be dispensed for each revoluﬁon of the film dispenser. The
method may further include rotating the film dispenser around the load. The
method may further include rotating the downstream pre-stretch roller the
fixed number of revolutions during each revolution of the film dispenser
around the load to dispense the fixed amount of pre-stretched film
independent of force on the film and independent of the speed of the
dispenser.

[022] In yet another aspect, the presently disclosed embodiments may
be directed to a method of stretch wrapping a load. The method may include
providing a film dispenser mounted on a rotatable ring. The film dispenser
may include a pre-stretch portion having upstream and downstream pre-
stretch rollers. The method may also include d'etermining a girth of a load to
be wrapped. The method may further include determining a fixed amount of

pre-stretched film to be dispensed for each revoluti‘on of a film dispenser

around the load based on the girth of the load. The method may further
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include rotating the film dispenser around the load, and rotating the downstream pre-
stretch roller the fixed number of revolutions during each revolution of the film
dispenser around the load to dispense the fixed amount of pre-stretched film.

[022.1] In yet another aspect, the presently disclosed embodiments may be
directed to a method for wrapping a load. The method may including determining an
amount of film to be dispensed for at least a portion of a revolution of a film dispenser‘
relative to the load. The method may also include providing relative rotation between
the film dispenser and the load. The method may also include dispensing the
predetermined amount of film during the at least a portion of the revolution of the film
dispenser relative to the ioad to wrap the film around the load.

[022.2] In yet another aspect, the presently disclosed embodiments may be
directed to a method of wrapping a load. The method may include providing a fiim
dispenser for dispensing a film web. The method may also include determining a
length of film to be dispensed for at least a portion of a revolution of the film
dispenser relative to the load. The method may also include providing relative
rotation between the film dispenser and the load. The method may also include
dispensing the predetermined length of film during the at least a portion of the
revolution of the film dispenser relative to the load to wrap the film around the load.
The dispensing of the predetermined length of film may be maintained for at least a
portion of a wrapping cycle.

[022.3] In yet another aspect, the presently disclosed embodiments may be

directed to a method of wrapping a load. The method may include providing a film
dispenser including a film dispensing roller. The method may also include
determining an amount of film to be dispensed for at least a portion of a revolution of

the film dispenser relative to the load. The method may also include rotating the film
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dispenser around the load at a film dispenser speed. The method may also include
rotating a film dispensing roller at a film dispensing rolier speed proportional to the
film dispenser speed to dispense the predetermined amount of film during the at least
a portion of the revolution of the film dispenser relative to the load.

[022.4] In yet anothel aspeci, the presently disclosed embodiments may be
directed to a method of wrapping a load. The method may include providing a film
dispenser including a film dispensing roller. The method may also include rotating
the film dispenser relative to the load using a rotational drive assembly. The method
may also include driving the film dispensing roller with the rotational drive assembly
through a mechanical connection to dispense a desired amount of film for wrapping
the load during at least a portion of a revolution of the film dispenser relative o the
load.

[022.5] In yet another aspect, the presently disclosed embodiments may be
directed to a high speed method of wrapping a load at a high speed. The method
may include providing a film dispenser including a film dispensing roller. The method
may also include rotating the film dispenser relative to the load with a rotational drive
assembly. The method may also at least one of rapidly accelerating and rapidly

decelerating the film dispenser during at least a portion of a wrapping cycle.

[022.6] In yet another aspect, the presently disclosed embodiments may be
directed to a method of wrapping a load. The method may include dispensing film
with a film dispenser that includes a film dispensing roller. The method may also
include rotating the film dispenser relative to the load with a rotational drive
assembly. The method may also include operatively coupling the film dispensing
roller to the rotational drive assembly with a transmission assembly. The method

may also include establishing a predetermined ratio of film dispenser rotation and fiim
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dispensing roller rotation using the transmission assembly to dispense a selected
length of film for wrapping the load during at least a portion of a revolution of the film
dispenser relative to the load, the selected length of film being maintained
independent of a wrap force exerted by the film on the load.

[023] Additional objects and advantages of the invention 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 invention. The objects and advantages of the
invention will be realized and attained by means of the elements and combinations
particularly pointed out in the appended claims.

[024] It is to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only and are not
restrictive of the invention, as claimed.

[025] The accompanying drawings, which are incorporated in and constitute
a part of this specification, illustrate one embodiment of the invention and together

with the description, serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

1026] Fig. 1 is an isometric view of an apparatus for wrapping a load
according to one aspect of the present invention;
[027] Fig. 2 is a top view of an apparatus for wrapping a load according to

one aspect of the present invention;

[028] Fig. 3 is a side view of the apparatus of Fig. 2;
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[028] Fig. 4 is a top view of a load being wrapped and illustrates the
shortest wrap radius and the longest wrap radius;

[030] Fig. 5 is an isometric view of a support structure for the rotatable
ring of a stretch wrapping apparatus according to one aspect of the present
invention;

[031] Fig. 6 is an isometric view of a rotating ring, a fixed ring, a drive
system and a dispenser of an apparatus according 1o one aspect of the

present invention; and

[032] Fig. 7 is an isometric view of an alternative embodiment of an
apparatus for wrapping a load according to one aspect of the present

invention.

DESCRIPTION OF THE EMBODIMENTS

[033] Reference will now be made in detail to the present embodiment
of the invention, an example of which is illustrated in the accompanying
drawings. Wherever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.

. [034] The present invéntion is related to a method and apparatus for
dispensing a predetermined fixed amount of pre-stretched film per revolution
of a dispenser around a load during a wrapping cycle. The apparatus
includes a rotating ring, a film dispenser includin'g a pre-stretch portion, the

film dispenser being mounted on the rotating ring, and a drive system for

rotating the ring and driving the pre-stretch rollers of the film dispenser.
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[035] The fixed amount of pre-stretched film dispensed per revolution
of the dispenser is predetermined based upon the girth of the load to be
wrapped. The girth (G) of a load is defined as the length (L) of the load plus

the width (W) of the load times two (2) or G =[2 X (L + W)]. Test results have

shown that good wrapping performance in terms of load containment (wrap
force) and optimum film use (efficiency) is obtained by dispensing a length of

pre-stretched film that is between approximately 100% and approximately

130% of load girth, and preferably between 100% and 120% of load girth. For
example, a 40 inch x 48 inch ioad has a girth of (2 x (40 + 48) or 176 inches.
To dispense a length of pre-stretched film that is between 100% and 120% of
the load girth for every revolution of the dispenser would require dispensing
between approximately 176 inches and approximately 211 inches of pre-
stretched film. Additional testing has shown that approximately 107% of load
girth gives best results. Thus, for the example above, the predetermined
amount of pre-stretched film to be dispensed for each' revolution of the
dispenser would be approximately 188 inches.
[036] The film dispenser travels a kriov;fn distance aro'und the

load each revolution of the ring on which the dispenser travels. The

speed at which the dispenser travels is irrelevant, because the same

distance is covered by the dispenser during each revolution of the rotating

ring regardiess of the time it takes to perform the revolution. The ring Is

belt driven. A drive belt is also used to drive the pre-stretch rollers of the

film dispenser. Once the amount of film needed per revolution is
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established, the next step is to determine how many revolutions of a
downstream pre-stretch roller are needed during one revolution of the film
dispenser in order to dispense the required amount of pre-stretched film. For
example, ff approximately 190 inches of film are needed per revoiution of the
ring/dispenser, one can measure the circumference of the downsiream pre-
stretch roller, for example 10 inches, and know that each rotation of the
downstream pre-stretch roller will dispense 10 inches of pre-stretched film.
Therefore, in order to dispenser 190 inches of film during one revolution of the
rotating ring and dispenser, the downstream pre-stretch roller must rotate 19
times (190 inches/10 inches). Once the necessary number of revolutions of the
downstream pre-stretch roller is known, it is possible to set the sprocket to, for
example, 19 pre-stretch roller revolutions per one ring rotation. Thus, the pre-
stretched film is dispensed between approximately 100% and approximately
130% of qirth/ring revolution and the dispensing is mechanically controlled and
precisely selectable by establishing a mechanical ratio of ring drive to tinal pre-
stretch surface speed (e.g., number of pre-stretch roller revolutions/ring
rotation). Drive components can be arranged for easy change of the amount of
pre-stretch of the film or the percentage of load girth dispensed. Muitiple
sprockets or a variable transmission could be substituted for sprockets to
enable changing the number of pre-stretch roller revolutions/ring quickly. No
slib rings, motor, control box, force controls are required. As the rotating ring is

driven, that rotational movement drives the pre-stretch rollers through a fixed

mechanical connection.
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[037] The dispensing of the predetermined fixed amount of pre-

stretched film/revolution of the rotating ring and dispenser is independent of
wrap force or speed of the ring. It is also independent of load girth shape or
placement of the load. The speed of the pre-stretch rollers is thus constant
relative to the rotation of the ring. That is, for each revolution of the ring,
regardless of the speed of the ring, the pre-stretch roller will complete a
constant/fixed number of revolutions. If the ring speed increases, the amount
of time it takes for the pre-stretch roller to complete the constant/fixed number
of revolutions will decrease, but the same number of revolutions will be
completed during one rotation of the ring. Similarly, if the fing speed
decreases, the amount of time it takes for the pre-stretch roller to complete
the constant/fixed number of revolutions will increase, but the same number of
revolutions will be completed during one rotation of the ring.

[038] The rotating ring is powered for very rapid acceleration to over
50 rpm with an acceleration period of one: second and a deceleration period of
one second. Since the film feed is independent of the rotation speed as
described above, there is no extra force on the film during acceleration or
excess film during deceleration. If reduced force, below optimum wrapping
force, is required during initial startup the ring can be reversed to create slack
film at the end of the previous cycle. A one-way clutch may be included to
prevent any backlash from film feed while the ring is reversed. The slack film

remains well around the first comer of the load until the elasticity of the

dispensed film can take it up.
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[039] During testing, it was noted that even with the dispensing of a
predetermined fixed amount of film per revolution of the rotating
ring/dispenser, there was variability in the wrap force on the load. The tests
were conducted at approximately 100%, approximately 107%, and
approximately 117% of dispensed film length relative to load girth. The
illustrated example uses 300% pre-stretch levels, which are the highest levels
considered commercially viable. Severél films were tested, but 80-gauge film
By Tyco is presented for illustration. Other films have similar performance
impact with the chosen variables.

[040] At a level of 300% pre-stretch, 107% supply (107% of load
girth), with the load off center 3 inches both ways, the wrap force was
measured between approximately 3 Ib and approximately 24 Ib, giving a 21 Ib
variation in wrap force. When the load was wrapped at 50 RPM there were
frequent film breaks. This test was conducted “with no extra film” as will be
discussed below.

[041] The variation in forces seen on the film illustrated above at a
constant relative speed can be dampened very significantly by allowing a
longer stretch of film between the final pre-stretch roller and the last idle roller
mounted to the rotating ring. The extra film provides the additional elasticity in
the pre-stretched film to accommodate the passage of a corner of the load or

to accommodate offset/off-center loads. It also permits the length of film to
the load to always be longer than at least one side of the load.

Experimentation, and observation of the geometry of the wrap process



CA 02758148 2011-11-08

WO 2006/110596 ‘ ' PCT/US2006/013178
-16 -

revealed that an added film length equal to more than the difference between
the shortest wrap radius and longest radius of the rectangular load (see Fig.
4) produces significant dampening of the force variation when the load is
relatively centered. Extra film length is helpful where the load is positioned oft
center of the ring for wrapping. A 40 x 48 load would add approximately 13
inches to the film length. Less than this will be required where the load does
not “fill the ring wrap space” since the film from the final idle roller to the load‘
will be more. The optimum length, considering threading and film roll change,
has been found to be approximately 29 inches between the final pre-stretch
roller and the last idle roller mounted to the rotating ring. [t should be noted
that the distance from the final rotating idle roller to the load is constantly
variable as the corners pass. If the ring is “filled,” the passage of a comner of
the load may permit only inches of film to the final idle roller.

[042] Testing with the extra film showed the following results:

- A ——.

% Pre- | % of Load | Load Amount of | Wrap Wrap Force
|stretch | Gith | position | Extra Film | Force | Variaton |
300% 107% off center, | Oinches 3-241b 21 1b
3 inches |
] _|eachway | - B
| 300% 107% off center, | 29 inches |5-181b 13 Ib |
3 inches
L . each way L [
300% 107% ' off center, |52 inches |5-161b 11b
3 inches
| leachwa l | ] l
300% 107% off center, | 88inches |7-161b O 1b
| | | 3 inches
l | |eachway _‘ ]

TABLE 1
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[043] When the load was wrapped at 50 rpm there were frequent 'ﬁIm
breaks with no extra film as illustrated in the first example. As Table 1 above
shows, the 29 inches of extra film allowed wrapping without breaks even with
the load offset 3 inches in both directions.

[044] According to one aspect of the present invention, an apparatus
100 for wrapping a load includes a non-rotating frame, a rotatable ring, a film
dispenser, and a drive system configured to rotate the rotatable ring and
cause to be dispensed a pre-determined constant length of film per revolution

of the rotatable ring.

[045] As embodied herein and shown in Fig. 1, the apparatus 100
includes a non-rotating frame 110. Non-rotating frame 110 includes four
vertical legs, 111a, 111b, 111¢c, and 111d. The legs 111a, 111b, 111c, and
111d of the non-rotating frame 110 may or may not be positioned over a
conveyor 113 (see Figs. 2 and 3) such that a load 115 to be wrapped may be
conveyed into a wrapping space defined by the non-rotating frame 110,
wrapped, and then conveyed away frém the wrapping space. The non-
rotating frame 110 also includes a plurality of horizontal supports 117a, 117D,
117¢c, 117d that connect the vertical legs 111a, 111b, 111c, and 111d to each
other, forming a square or rectangular shape (see Fig. 2). Additional supports
may be placed across the square or rectangle formed by the horizontal

supports 117a, 117b, 117¢, 117d (see Fig. 1). In one exemplary embodiment,
the non-rotating frame has a footprint of 88 inches by 100 inches. The benefit

of this particular footprint is that it allows the apparatus to fit into an enclosed



CA 02758148 2011-11-08

WO 2006/110596 | : PCT/US2006/013178

_18 -

truck for shipment. Prior art devices are generally larger than this and
therefore must be disassembled or shipped on a flatbed, which significantly
increases shipping costs.

[046] Connected to and movable on non-rotating frame 110 is a
vertically movable frame portion 119. As embodied herein and shown In Figs.
1-3, the vertically movable frame portion 119 includes a support portion 120, a
rotatable ring 122, and a fixed (i.e., non-rotatable) ring 124. A plurality of ring
supports 126 extend downwardly from the support portion 120 (see FIG. 5).
Each ring support 126 may have an L-shape and may comprise one or more
pieces of material, such as steel, to form the L-shape. ltis possible that the
ring supports 126 may have a shape other than an L-shape. Connected to
each ring support 126 is a roller or wheel 128. Resting on top of rollers 128 is
the rotatable ring 122, such that rotatable ring 122 rides on the rollers 128.
Preferably, the rotatable ring 122 is made of a very lightweight material. The
lightweight nature of the rotatable ring 122 allows faster movement of the
rotatable ring 122, and thus, faster wrapping cycles. In one exemplary
embodiment, the rotatable ring 122 has an inner diameter of 80 inches, an
outer diameter of 88 inches, and is made of a lightweight composite material.
Use of a composite material reduces the weight of the ring by approximately
75% when compared to conventionél 'steel or aluminum rings.

[047] Independent of the rotatable ring 122, the fixed ring 124 is

positioned below and outside of the rotatable ring 122. Fixed ring 124 Is

supported by the support portion 120 and carries a drive belt 130 around its
outer circumference. The apparatus 100 includes a first motor 132 that serves to drive

the rotatable ring 122 using a belt 123 (see Figs. 1 and 7). The drive belt 130 is picked

up by a pulley 168, mounted to the rotatable ring 122 (see Fig. 6). As first motor 132
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rotates belt 123, belt 123 in turn rotates rotatable ring 122. In addition, pulley 168 may

move together with rotatable ring 122, while drive belt 130 may remain stationary on
fixed ring 124. Due to the engagement between pulley 168 and drive belt 130, relative
movement between the two may cause pulley 168 to rotate. The rotation of pulley 168
may be used to drive pre-stretch assembly 150. As shown in Figs. 1 and 7, a second
motor 134 raises and lowers the vertically movable frame portion 119 on the non-rotating

frame 110.
[048] According to one aspect of the present invention, a film

dispenser is provided. As embodied herein and shown in Figs. 1-3, the
aéparatus 100 includes a packaging material dispenser 136. As shown in Fig.
2, the packagjing material dispenser 136 dispenses a sheet of packaging
material 138 in a web form. The packaging material dispenser 136 includes a
roll carriage frame 140 shown in Figs. 1, 3,and 6. As embodied herein, rbll
carriage frame 140 includes an upper frame portion or roll ca&iage drive plate
142. The dispenser 136 supports a roll of packaging matenal 144 to be
dispensed. A film unwind stand 146 is mounted to roli carriage dnve plate
142 of the roll carriage frame 140 and extends downwardly from roll carriage
drive plate 142. The film unwind stand 146 is constructed o support a roll of
film 144 as the packaging material unwinds, moving from the roll of film 144 1o
a pi'e-stretch assembly to be described below. The film unwind stand 146
may be bottom-loaded, such that the roll of film 144 may be joaded into the
dispenser 136 from below the dispenser 136. A film support portion (not

shown) of roll carriage frame 140 may be provided to support the bottom end

of the film unwind stand 146.
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[049] Preferably, the film dispenser 136 is lightweight, which in
combination with the lightweight rotatable ring .1 22 allows faster movement of the
rotatable ring 122 and thus faster wrapping cycles. By using the first motor 132
and the drive belt 130 to drive a pre-stretch assembly 150, it is possible to
eliminate the conventional motor that drives the dispenser 136 as well the

conventional control box, greatly reducing the weight of the dispenser 136.

[050] In an exemplary embodiment, stretch wrap packaging matenal Is
used. however, various other packaging materials such as netting, strapping,
banding, or tape can be used as well. As used herein, the terms “packaging

material,” “film,” “web,” and “film web" are interchangeable.

[051] According to one aspect of the present invention, the dispenser

136 is mounted on rotatable ring 122, which is supported by the vertically

moveable frame portion 119. The dispenser 136 rotates about a vertical axis
148. shown in Fig. 3, as the vertically moveable frame portion 119 moves up

and down the non-rotating frame 110 to spirally wrap the packaging material

138 about the load 115. The load _115 can be manually placed in-the

wrapping area or conveyed into the wrapping area by the conveyor 113. As

shown in Figs. 1 and 3, the film dispenser 136 is mounted underneath and
outboard of the rotatable ring 122, enabling maximum wrapping space.

[052] As shown in Figs. 1-3, film dispenser 136 includes the pre-
stretch assembly 150. The pre-stretch assembly 150 includes a first upstream
pre-stretch roller 152 and a second downstream pre-stretch roller 154.

"Upstream"” and "downstream,” as used in this application, are intended to
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define the direction of movement relative to the flow of the packaging material
138 from the dispenser 136. Thus, since the packaging material 138 flows
from the dispenser 136, movement toward the dispenser 136 and against the
flow of packaging material 138 from the dispenser 136 is defined as
"upstream"” and movement away from the dispenser 136 and with the flow of
packaging material 138 from the dispenser 136 is defined as "downstream.”

[053] The first upstream pre-stretch roller 152 and the second
downstream pre-stretch roller 154 may have different sized sprockets so that
the surface movement of the first upstream pre-stretch roller 152 is at least
40% slower than the second downstream pre-stretch roller 154. The
sprockets may be sized depending on the amount of film elongation desired.
Thus, the surface movement of the first upsiream pre-stretch roller 152 can be
about 40%, 75%, 200% or 300% slower than the surface movement of the
second downstream pre-stretch roller 154 to obtain pre-stretching of 40%,
75%, 200% or 300%. While pre-stretching normally ranges from 40% to
300%, excellent results have been obtained when narrower ranges of pre-
stretching are required such as stretching the material 40% to 75%, 75% to
200%, 200% to 300%, and at least 100%. In certain instances, pre-stretching
has been successful at over 300% of stretch. The pre-stretch rollers 152 and
154 are connected by a drive chain or belt.

[054] In one exemplary embodiment, each pre-stretch roller 152, 154

is preferably the same size, and each may have, for example, an outer

diameter of approximately 2.5 inches. Each roller should have a sufficient
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léngth to carry a twenty (20) inch wide web of film 138 along its working
length. In one exemplary embodiment, rollers used for conventional
conveyors were used {o fonﬁ the pre-stretch rollers 152, 154. Each roller 152,
154 is mounted on a shaft, for example, a hex shaft. Inone embodiment,
bearings for supporting a shaft, such as a hex shaft, are press-fit or welded
into each end of each roller 152, 154, and the shait is placed therethrough,
such that the shaft is centrally and axially mounted through the length of each
roller 152, 154. As discussed above, a sprocket may be mounted/attached to
an outer surface of each roller 152, 154. The rollers 152, 154 are thus
connected to each other through chains to a sprocket idle shaft with the pre-
stretch sprockets selected for the desired nre-stretch level. The pre-stretch
assembly 150 maintains the surface speed of the downstream pre-stretch
roller 154 at a speed which is faster than the speed of the upstream pre-
stretch roller 152 to stretch the stretch wrap packaging material 138 between
the pre-stretch rollers 1562 and 154.

[055] As embodied herein and shown in Figs. 1 and 2, the pre-stretch
assembly 150 may include an intermediate idle rolier 162 positionable
between the upstream and downstream pre-stretch rollers 152 and 154. The
intermediate idle roller 162 may be the same diameter as or smaller in
diameter than the pre-stretch rollers. Preferably, intermediate idle roller 162 is
uncoated. In one exemplary embodiment, intermediate idle roller 162 is an

idler roller hingedly connected to the upper frame portion 142 of roller carmage

frame 140. Intermediate idle roller 162 is also a cantilevered roller and it may



CA 02758148 2011-11-08

.93 -

not be connected o an additional structure and is not supported at its base.
Although not physically connected at its base or to a base suppor,
intermediate idle rolier 162 may nest in the U-shaped guard 160 that connects

the first and second pre-stretch rollers 152, 154. Preferably the infermediate
idle roller 162 is aligned to provide a pinching action on the upstream rolier

152 as disclosed in U.S. Patent No. 5,414,979 .

[056] According to another aspect of the present invention, the film

~ dispenser 136 may include a second idle rolier 164 positioned downstream of
" the second downstream pre-siretch roller 154. As described above, spacing
the second idle roller 164 downstream of the last pre-strefch roller 154
provides a length of extra film between the final pre-stretch roller and the last
idle roller mounted to the rotating ring. The extra film provides the additional
elasticity in the pre-strefched film to accbmmodate the passage of a corner of
the load or to accommodate offsetfoff—csnter loads. I also permits the length
of film to the load to always be longer than at least one side of the load.
Preferably, the second idle roller 164 is positioned to provide an exira film
length equal fo more than the difference between the shortest wrap radius
and longest radius of the rectangular load (see Fig. 4). Additionally, as shown
in Fig. 2, rotatable ring 122 may include additional rollers attached o its top

surface. The additional rollers 166a, 166b are provided for a longer film path

where irregular loads or placements are an issue.
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[057] According to another aspect of the present invention, the

apparatus 100 may be provided with a belted film clamping and cutting

apparatus and disclosed in U.S. Patent No. 4,761,934 .

[058] In operation, load 115 is manually placed In the wrapping area
or is conveyed into the wrapping area by the conveyor 113. The girth of the
load 115 is determined and a fixed amount of ﬁlm.to be dispensed for each
revolution of the dispenser 136 and rotatable ring 122 is determined based on
the load girth. The fixed amount of film to be dispensed may be between
approximately 100% and approximately 130% of the load girth, and preferably
is between approximately 100% and approximately 120% of load girth, and
mast preferably is approximately 107% of load girth. Once the fixed amount
of film to be dispensed/revolution is known, the mechanical connection that
allows the drive belt 130 to drive the downstream pre-stretch roller 154 is

adjusted to provide a desired ratio of ring drive to pre-stretch surface speed.

[059] A leading end of the film 138 then is attached to the load 115, and
the motor 132 drives the rotatable ring 122. The drive belt 130 is nicked up by the
puliey 168 mounted to the rotatable ring 122, as seen in Fig. 6. Asthe rotatable
ring 122 is driven, it drives through a fixed mechanical connection with fhe nre-

stretch rollers 152, 154, causing elongation of the film 138 and the dispensing of

the predetermined fixed amount of pre-stretched film for each revolution of the

rotatable ring 122 and the dispenser 136. The fixed mechanical connection may

include one or more linking components, such as, for example, a chain or beit,
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linking pulley 168 to pre-stretch rollers 152, 154, such that rotating puliey 168
causes rotation of pre-stretch rollers 152, 154. The dispenser 136 rotates about a
vertical axis 148 as the vertically moveable frame portion 119 moves up and down
the non-rotating frame 110 to spirally wrap the packaging material 138 about the
load 1159.

[060] Other embodiments of the invention will be apparent to those skilled
in the art from consideration of the specification and practice of the invention
disglosed herein. It is intended that the specification and exampies be considered
as éxemplary only, with a true scope and spirit of the invention being indicated by

the following claims.
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What is claimed is:

1. An apparatus for stretch wrapping a load, comprising:

a film dispenser having a pre-stretch portion; and

a drive mechanism providing relative rotation between the film dispenser and the

load;

the pre-stretch portion to dispensing a pre-determined length of pre-stretched film
for at least one revolution of the film dispenser relative to the load, the pre-determined

length of pre-stretched film based upon the girth of the load and independent of the

speed of relative rotation.

2. The apparatus of claim 1, wherein the pre-determined length of pre-stretched film

Is iIndependent of wrap force.

3. The apparatus of claim 1 or 2, wherein the drive mechanism is configured to
drive the pre-stretch portion to dispense a pre-determined length of pre-stretched film

for at least one revolution of the film dispenser relative to the load as the speed of

relative revolution varies.

4. The apparatus of any one of claims 1 to 3, wherein the pre-stretch portion of the

film dispenser includes first and second pre-stretch rollers and first and second idle

rollers.

26 -
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S. The apparatus of claim 4, wherein the first idle roller is positioned adjacent to and

In between the first and second pre-stretch rollers.

6. The apparatus of claim 5, wherein the second idle roller is positioned

downstream from the first and second pre-stretch rollers and the first idle roller.

/. The apparatus of any one of claims 1 to 6, further comprising:

a non-rotating frame; and

a rotatable ring supported by the non-rotating frame, the film dispenser being
mounted on the rotatable ring;

wherein the drive mechanism includes a drive belt supported by the non-

rotatable ring and driving the rotatable rng.

8. The apparatus of claim 7, wherein the drive mechanism further includes a motor

configured to drive the drive belt around the non-rotatable ring.

0. The apparatus of claim 8, wherein the drive belt passes over a pulley mounted

on the rotatable ring, and the drive belt is configured to drive the rotatable ring with the

pulley.

10. The apparatus of claim 7, further including a selectively adjustable mechanical
connection between the drive belt and the pre-stretch portion, wherein movement of the

drive belt drives the pre-stretch portion through the mechanical connection.

_ 27 -
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11.  The apparatus of claim 7, further comprising a one-way clutch for reversing a

direction of rotation of the rotatable ring.

12. The apparatus of any one of claims 1 to 6, wherein the drive mechanism drives

the film dispenser around the load.

13. The apparatus of any one of claims 1 to 6 wherein the drive mechanism rotates

the load on a turntable.

_28 -
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