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@ A process and apparatus for making a unitary package by wrapping a load.

& a process and apparatus for high speed continuous film web
wrapping of uniform loads, in which a first wrap is applied in a first
direction transverse to the path of the moving load and a second
wrap is applied in a second direction opposite the first direction.
This dual wrap nullifies the disabling effects of helical wrap bias
when a single wrap is applied to a moving load, and produced a
longitudinal containment force after film web recovery over time
on leading and trailing ends of the load. in the apparatus (30) two
wrapping stations (36, 436) are provided together with a wrapping
N conveyor assembly (32). Each station (36, 436) includes a
< dispensing rig (44, 444) on which a film roll and an elongation
mechanism (70, 470) are mounted. The regulation of elongation
m in the elongation mechanism (70, 470) and the regulation of film
supply speed from the elongation mechanism (70, 470) are
2 independent of film demand speed at the load. The film web is '
O strochted beyond its yield point at ambient temperature.
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The present invention generally relates to
packaging and more particularly is directed to a
rotating stretch wrapping apparatus for making unitary
packages which hold a plurality of components, each
package containing a load wrapped in a ﬁeb of stretched

film.

All prior .circular rotating devices

exhibit an wupper 1limit to the

throughput rate, or rate at which loads can be moved
and wrapped affectively. Typically, an increase in
throughput is attempted by. mérely increasing the
rotation speed of the ring carrying the film dispenser,
which increases force experieﬁced by the load, while at
the same time increasing the speed of the conveyof

carrying the 1loads through the rotating ring. As

——
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illustrated in Figure 5, this attempt results in a
spiral wrapping pattern around each load, with the film
being stretched on a diagonal to the load path. Three
forces ére exerted on the 1load by this wrap: a
circumferential or encircling containment force, a
longitudinal or end-to-end containment force, and a
helical force which causes a helical displacement of
units within each load. As a result of this
"corkscrew™ displacement, the load becomes unstackable,
prone to collapse, and 1likely to reduce overall
circumference and loosen the film wrap as the units
within shift, thereby reducing the commercial value of
the 1load. Moreover, all of the prior art circular
rotating stretch devices apply containment forces only
to the 1load surfaces which cross the plane of the
rotating ring. No containment force is applied on
surfaces parallel to the ring plane, such as 1leading
and trailing ends. Hence, there remains a clear need
and use for a circular rotating wrapping apparatus and
process which can operate at high throughput without
the disabling effects of helical stretch bias, and
which applies containment force at leading and trailing

load ends.

SUMMARY OF THE INVENTION

- Herein is disclosed a novel apparatus and

process for continuous wrapping of uniform loads, each
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comprising & plurality of units, in which each load is
wrapped twice. The first wrap is applied in a first
direction with a resulting first helical bias,

and the second wrap is applied in an opposite direction
with a resulting opposite helical bias. Thus, the
helical forces of the two wraps add together to balance
each other. The combined longitudinal wrap forces do
not cause significant unit .displaceme'nt, and
longitudinal film recovery at load ends after
stretching beyond the yield point allov;vs sealing of
untensioned film followed by end-to-end containment
force buildup due to film web recovery over time.
These characteristics of the present invention allow
both wrapping and sealing to proceed at a higher pace
than was previously thought possible. This in turn
leads to more rapid throughput and return on
investment.

According to the invention, two consecutive
wraps are applied by rotatable wrapping apparatuses at
two consecutive wrapping stations along the load path.
As illustrated schematically in Figure 9, the wrap is
applied in a firét direction across the direction of
load motion, resulting in a wrap exhibiting helical
bias and unit displacement within the load. At the
second wrapping station, a second wrap is applied in' a
direction opposite the direction of the first wrap,

resulting in an opposite helical bias with a unit
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displacement opposite that of the first wrap. Thus,
the two helical’ wrap forces balance one another,
resulting in a stable load without uﬁit displacement.
The film dispenser utilized at each wrapping
station may advantageously be one which dispenses film
at a supply speed independent of the varying takeup or
demand speed of film at the load. Each film dispenser
also includes a film stretching mechanism which
elongates the film web above its yield point at ambient
temperature prior to application thereof fo the 1load,

as 1is described herein.

Thus, it is clear that the present inventive
apparatus and process provide a distinct and
widely-demanded improvement over the prior art, in that
consecutive uniform loads are unitized without exposure
to heat, stabilized and sealed at high throughput. The
resulting wrap exerts containment force and elasticity
on all load sides. These characteristics are presently
demanded by distribution facilities and warehouses at
which high volume shipments are broken down to smaller
guantities for distribution to retail outlets or end

users.
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Although the invention is set forth in the
claims, the invention itself, and the method by which
it is made and used may be better understood by
referring to the following description taken in
connection with accompanying drawings forming a part
hereof, in which like reference numerials refer to like

parts throughout the several views and in which:

BRIEF DESCRIPTION OF THE DRAWINGS:

Figure 1 is an elevated perspective view of the present
inventive apparatus;

Figure 2 is an opposite side elevational view the
apparatus of Figure 1;

Figure 3 is a front cutaway view taken along line 3'-3'
of the apparatus of Figure 2;

Figure 4 1is a schematic sideview illustrating a
continuous wrapping and severing operation conducted
with the apparatus of Figure 1;

Figure 5 is an overhead schematic view of a typical
prior art wrapping apparatus;

Figure 6 is a top plan schematic view of the apparatus
of Figure 1; |

Figure 7 is an isolated top plan view of the wrapping
conveyor assembly of the apparatus of Figure 1; and .
Figure 8 1is a rear cutaway view taken along line

11'-11"' of the apparatus of Figure 2.



® 0152959

DETAILED DESCRIPTION OF THE DRAWINGS

The best mode and preferred embodiment of the
present invention is diéclosed in Figures 1 through 3,
which shows a ring wrapping apparatus 30 comprising a
feed conveyor 32, a wrap and load conveyor assembly 34,
two film dispensing mechanisms 36 and 436 with a
take-off conveyor 20.

As shown in Figure 1, a plurality of units 22
forming a load 24 have been 1loaded in a stacked
relationship on an infeed conveyor asséﬁbly 32 by
either manual or mechanical means. It should be noted
that the load, depending on its nature and compésition,
may or may not require spacing. A loading device 31 is
schematically shown and may be one of a number of types
of stacking or placing devices which are well known in
the art to place a stack of cartons or materials into a
designated area.

In the preferred embodiment, the load 24 is
placed on an infeed conveyor 32 which is comprised of-
an endless belt 26 mountea 6n a frame support 28.

Alternate embodiments of the infeed conveyor
could take the forms of, for instance, descending
freewheel rollers or a hydraulic or pneumatic pushing
device (not shown) which can be used to engage each
load 24 with a platen to push the load into the
wrapping area. However, the conveyor embodiment is

preferred and the conveyor belts of the present
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invention are:.preferably textured to develop a high
coefficient of friction against the loads.

The conveyor belt 26 as seen in Figure 1 is
mounted on rollers 29 which are rotatably journalled by
suitable bearing means in brackets which are secured to
the frame support 28. The infeed conveyor 32 carries
the loads 24 to a first wrapping station 41 comprising
- a film dispensing apparatus 36, and a wrapping conveyor
assembly 34.

The first film dispenser 36 as shown in
Figure 3 comprises a frame 42 on which a steel "donut"
or ring-shaped film support member 44 is rotatably
mounted and supported on three planes by guide rollers
46. If desired, the film support member 44 can be
constructed of aluminum. A plurality of guide rollers
46 project inward from the frame 42 on arms.47 and
mounting plates 48 to engage the ring member 44 so that
it will rotate in a predetermined plane. A friétion
drive wheel 49 is positioned adjacent the ring member
44 at its base and engages the ring member 44 to rotate
the ring member 44 within the guide wheel rolling area.

The friction drive wheel 49 is driven by a motor 50

having a shaft which is suitably connected with a drive

reducer 52. A material roll dispensing shaft 54 is
rotatably secured on bracket 71 to the ring member 44
for rotation on its axis and is adapted to receive and

hold a roll of film material 56. A belted drive ring
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60 coaxial with _aﬁd parallel to ring member 44 is
rotatably mounted to frame 42, in a manner
substantially as described above for ring member 44. A
friction drive wheel 39 is positioned in contact with
ring 60 and driven by motor 37 which may be a variable
speed or reversible motor, through reducer 35 to rotate
ring 60. Alternatively, ting 60 may be fixed to frame
42, |

The film web is passed - through a
pre-stretching or elongation mechanism 70 and is tucked
or fastened underneath the load. The pre-stretching
mechanism 70, which is best seen in Figures 2 and 3,
comprises conﬁected roller members 72 and 74 which are
rotatably mounted respectively on shafts 73 and 75
which are in turn journalled into a housing 76. The
housing 76 is mounted to ring member 44 across the
plane of ring member 44. The rollers 72 and 74 are
interconnected by speed control means comprising gears
77 and 79 mounted respectively to shafts 73 and 75.
Gears 77 and 79 mesh together and operate so that the
film web 58 passes first across the upstream roller 72
and then across the downstream roller 74 as it 1is
pulled from film roll 56 to the load 24, with the
downstream roller 74 driven at a faster rate than the
upstream roller 72, causing the film to be accelerated
and stretched preferably beyond its yield point and
preferably at ambient temperature in a narrow space 80

between the two rollers. The ratio of
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the gear 77 to the gear 79 preferably ranges from 5:4
to 4:1. More specifically, the ratio of the gears
should be at 1least 2:1 in order to stretch £film
material passing across the rollers beyond the yield
point of the material. It should be recognized that
film material so stretched not only gains in tensile
strength, but alsp will recover or retract to an
elongation 1level 1less than the elongation level
achieved during passage between the roilers. When
stretched film is applied around a surface of constant
circumference, such as a load, film recovery causes an
increase in containment force on the load. Howéver,
film stretched beyond its yield point does not recover
instantaneously, and the method of the present
invention completes the load wrapping and sealing well
before recovery produces the final tension in the film.
Advantages of this condition will be further set forth
below.

If the rollers 72 and 74 supply film at a
constant speed, then there is no. deceleration which
could cause film roll 56 to spill film. Thus, the
speed of roll 56 need not be independently regulated
and a small amount of friction méy be exerted
constantly on film roll mandrel 54, so that roll 56
will stop spinning when the ring member 44 stops
rotating. If it is necessary -to accommodate frequent

starts and stops of the ring member 44, a pivoting
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collar 83 is placed around upstream roller shaft 73,
and a counterweight 85 and contact frame 84 are mounted
at angles to the collar 83. At an end of frame 84
opposite the collar 83, a contact roller shaft 51 is
rotatably mounted to frame 84 and carries contact
roller 57. Shaft 51 also carries contact roller pulley
53, and upstream shaft 73 carries upstream pulley.SS.
Pulleys 53 and 55 are surrounded by belt 59, and the
ratio of pulley sizes and the circumferen¢e of roller
57 are chosen so that the 1linear surface speed of
roller 57 is no greater than the linear speed of
upstream roller 72. A coil spring 86 is coupled to
frame 84 and housing 76 so as to constantly urge
contact réller 57 against the surface of film roll 56
which decreases in radius as film web 58 is paid out
during wrapping. Spring 86 forces the roller 57 to
maintain contact with the surface of roll 56 during
rotation of ring member 44. Counterweight 85 exerts
leverage on frame 84 to balance the effect of the force
of gravity on roller 57 as ring member 44 rotates.
Therefore, friction between roller 57 and film roll 56
will be maintained, and pay out speed of film web 58
from roll 56 will accelerate and decelerate precisely
to match starts and stops of ring member 44.

To maintain balance of ring member 44
counterweight 87 is mounted to ring member 44 opposite

elongation mechanism 70.
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The elongated drive mechanism 90 is best
understood by referring to Figures 2 and 3. A power
shaft 61 is journalled to and extends beyond housing 76
at least to the plane of ring 60. A power pulley 63 is
mounted on power shaft 61 in the plane of ring 60.
Ring 60 is channeled to define side walls 64, and power
belt 65 encircles ring 60 in the channel betwéen the
walls 64. Belt 65 also is distended from ring 60
outward to pass around bulley 63. A tensioner roller
69 mounted to frame 76 presses inward oh.belt 65 to
maintain tension on belt 65 when rotary ring member 44
and stationary ring 60 are not precisely circular or
coaxial. Thus, during relative rotation of rings 60
and 44, power pulley 63 is driven in the opposite
direction by friction with belt 65. If desired, belt
65 and pulley 63 may be provided with teeth to minimize
slippage. Also the surface of ring 60 between walls 64
may be covered with material chosen to ‘maximize
friction with belt 65.

Alternatively, power could be transferred to
shaft 61 by direct contact with ring 60 as disclosed in
our prior copending application serial number 411,995.

At the other end of power shaft 61 distal
from the stationary ring.GO, the shaft 61 again passes
through housing 76. A transfer pulley 66 is mounted té
this end of shaft 61. On the same side of. housing 76,

downstream roller shaft 75 extends through housing 76,
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and downstream pulley 68 is mounted to downstream shaft
75. A transfer belt 67 is mounted on pulleys 66 and 68
so that downstream roller 74 is rotated in the same
direction as power pulley 63. Pulley 66 may be a
variable pulley for adjustment of the ratio of ring
rotation speed to film payout speed. Alternatively,
ring 60 may be mounted for rotation in a manner similar
to ring 44, and the rotation speed of ring 60 may be
varied to éhange the net action of belt 65 and pulley
63, thus altering the film payout speed. B

Returning again to the end of housing 76
adjacent stationary ring 60, downstream gear 79 is
mounted to downstream roller shaft 75, and engages
upstream gear 77 which is mounted to upstream roller
shaft 73. Thus, upstream roller 72 rotates in the
opposite direction of downstream roller 74 and power
pulley 63.

Film roll shaft 54 is mounted to bracket 71
across ring member 44 at a distance from upstream
roller 72 which is at least equal to the radius of a
full film roll 56. Film 58 is dispensed from roll 56
across the far side of upstream roller 72, then in an
"S"™ curve between the upstream and downstream rollers
and across the downstream roller 74. It can readily be
seen that both the regulation of the film supply speea
across roller 74 and the regulation of elongation

achieved between rollers 72 and 74 are independent of
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variations in demand for film at load 24. A film patn
extension means comprising an idler roller 81 is
journalled to an idler roller bracket 82 mounted to and
across the plane of ring member 44. Film web 58 passes
from the downstream roller 74 around id}er roller 81
and then onto the 1load. Idler roller 81 must be
positioned less than 90 degrees around ring member 44
from the downstream roller 74, in order to avoid
contact of film 58 with the load between the downsfream
roller 74 and the idler roller 81. The idler roller 81
must also be separated from the downstream ioller 74 a
distance sufficient to avoid £film web contact with
housing 76, and also sufficient to expose a large area
of film 58 to force variance caused by cornering on the
load during wrapping. Bracket 82 may be fixedly
mounted perpendicular to ring member 44 or fixed
thereto in an angled orientation, or gimballed thereto
so that it "floats" or adjusts orientation on one or
two axes in response to film path angles.

As best seen in Figures 2 and 3, a pair of
side conveyors 158 are positioned on either side of the
load path and are in close proximity or in contact with
opposing vertical side faces of the load 24. Each side
conveyor 158 comprises a bracket 136 secured to the
frame, a skid-sleeve support 138 supported by the
bracket 136, skid-sleeve 178 supported by the

skid-sleeve support 138, and upstream pulley 172 and a
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downstream pulley 174 at opposite ends of the
skid-sleeve 178. A side conveyor belt or chain 170
circulates in a downstream direction while exposed at
an upper edge of skid-sleeve 178, and then returns in
an upstream directién within skid-sleeve 178. Belt 170
encircles pulleys 174 and 172. Upstream pulley 172,
bracket 138 and support 136 are preferably 1located
upstream from the wrapping station 41, while the
skid-sleeve 178 preferébly extends downstream through
the wrapping station 41. |

2 side conveyor motor 162 is mounted to an
overhead portion of frame 42, and is coupled to shaft
164 so as to rotate shaft 164 about its axis. An
opposite end of shaft 164 is journalled to bearing 166
also coupled to an upper portion of frame 42, A pair
of pulleys 168 are mounted to axle 164 directly above
each of the two pulleys 172. A vertical belt 169
encircles each overhead pulley 168 and a second sheave
of pulley 172 below. Therefore, operation of motor 162
will drive the circulation of side conveyor belts 170.
As the upper portion of belt 170 moves downstream, it
carries with it any film web 58 which may be wrapped
around the load and the skid-sleeve 178. Skid-sleeve
178 is preferably configured ‘of a material chosen for
low friction with the film web 58. As each wrapped
load passes the downstream end of each side conveyor

158, the tensioned film web which is wrapped against
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the load 24 will move off of the side conveyors 158 and
resume its memory position against the side vertical
face of the load 24. Thus, the side conveyors 158 are
especially well adapted for maintenance of 1load
integrity under high and variable forces applied during
wrapping of the load, and make the present invention
especially useful for wrapping loads composed of large
numbers of relatively small units.

The second film dispenser 436 surrounds
conveyor assembly 34 so as to receive loads 24
previously wrapped by dispenser 36. It is a mirror
image of dispenser 36 and is rotated in the opposite
direction to counteract helical bias of the wrap.

As best seen in Figure 11, the second film
dispenser 436 comprises a frame 442 on which a steel
"donut"™ or ring-shaped film support member 444 is
rotatably mounted and supported on three planes by
guide rollers 446. 1If desired, the film support member
444 can be constructed of aluminum. A plurality of
guide rollers 446 project inward from the frame 442 on
arms 447 and mounting plates 448 to engage the ring
member 444 so that it will rotate in a predetermined
plane. A friction drive wheel 449 is positioned
adjacent the ring member 444 at its base and engages
the member 444 to rotate the member 444 within the
guide wheel rolling area. The friction drive wheel 449

is driven by a motor 450 having a shaft which is
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suitably connected with a drive reducer 452. A
material roll diséensing shaft 454 is rotatably secured
on bracket 471 to the ring member 444 for rotation on
its axis and is adapted to receive and hold a roll of
film material 456. A belted drive ring 460 coaxial
with and parallel to ring member 444 is rotatably
mounted to frame 442, in a manner substantially as
described above for ring member 444, on a side of ring
member 444 opposite that of film roll 456. A friction
drive wheel 439 is positioned in contact with ring 460
and driven by motor 437 which may be a variable speed
or reversible motor, through reducer 435 to rotate ring
460. Alternatively, ring 460 may be fixed to frame
442,

The film web is passed through a
pre-stretching or elongation mechanism 470 which is
best seen in Figures 11 and 2 and comprises connected
roller members 472 and 474 which are rotatably mounted
on respective shafts 473 "and 475 which are in turn
journalled into a housing 476. The housing 476 is
mounted to ring member 444 on housing bracket 471
across the plane of ring member 444. The rollers 472
and 474 are interconnected by speed control means
comprising gears 477 and 479 mounted respectively to
shafts 473 and 475. Gears 477 and 479 mesh togethe‘r
and operate so that the film web 458 passes first

across the upstream roller 472 and then across the

9

55
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downstream roller 474 as it is pulled from film roll
456 to the loads 424, and the downstream roller 474 is
driven at a faster rate than the upstream roller 472,
causing the film to be accelerated and stretched
preferably beyond its yield point in a narrow space 480
between. the two rollers. The ratio of the gear 477 to
the gear 479 preferably ranges from 5:4 to 4:l.
Preferably the ratio is at least 2:1 in. order to
stretch the film material of its yield point. As
described with regard to the elongation hechanism 70,
the film web is stretched by passage across the rollers
472 and 474 and will recover or retract to some lesser
elongation during a time interval following passage
across the rollers.

If the rollers 472 and 474 supply film at a
constant speed, then there 1is no decéleration which
could cause film roll 456 to spill film., Thus, the
speed of roll 456 need not be independehtly regulated
and a small amount of friction may be exerted
constantly on film roll mandrel 454, so that roll 456
will stop spinning when the ring member 444 stops
rotating. Alternatively, if it 1is necessary to
accommodate frequent starts and stops of the ring
member 444, a pivoting collar 483 may be placed around
upstream roller shaft 473, and a counterweight 485 and
contact frame 484 may be mounted at angles to the

collar 483. At an end of frame 484 opposite the collar
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483, a contact roller shaft 451 is_rotatably mounted to
frame 484 and cafries contact roller 457. Shaft 451
also carries contact roller pulley 453, and upstream
shaft 473 carries upstream pulley 455. Pulleys 453 and
455 are surrounded by belt 459, and the ratio of pulley
sizes and the circumference of roller 457 are chosen
such that the linear surface speed of roller 457 is no
greater than the linear speed of upstream roller 472.
A coil spring 486 is coupled to frame 484 and housing
476 so as to constantly urge contact roller 457 against
the surface of film roll 456 which decreases in radius
as film web 458 is paid out during wrapping. Spring
486 counteracts the tendency of roller 457 to move away
from the surface of roller 456 during rotation of ring
member 444 due to centrifugal force. Counterweight 485
exerts leverage on frame 484 to balance the effect of
the force of gravity on roller 457 as ring member 444
rotates. Therefore, constant contact of roller 457 and
film roll 456 will be maintained, and pay‘out speed of
film web 458 from roll 456 will accelerate and
decelerate precisely to matgh starts and stops of ring
member 444,

To maintain balance of ring member 444,
counterweight 487 is mounted ring member 444 opposite
‘elongation mechanism 470.

Elongation drive mechanism 490 is best

understood by referring to Figure 2. A power shaft 461
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is journalled to and extends beyond housing 476 at
least to the plane of ring 460. A bower pulley 463 is
mounted on power shaft 461 in the plaﬁe of ring 460.
Ring 460 is channeled to define side walls 464, and
éower belt 465 encircles ring 460 in <the channel
between the walls 464. Belt 465 also is distended from
ring 460 outward to pass around pulley 463. A
tensioner roller 469 mounted to frame 476 presses
inward on belt 465 to maintain tension oﬁ belt 465 when
rotary ring member 444 and stationary ring 460 are not
precisely circular or coaxial. Thus, during relative
rotation of rings 460 and 444, power‘ pulley 463 is
driven in the opposite direction by friction with belt
465. If desired, belt 465 and pulley may be provided
with teeth to minimize slippage. Also the surface of
" ring 460 between walls 464 may be covered with material
chosen to maximize friction with belt 465.

Alternatively, power could be transferred to
shaft 461 by direct contact with ring 460 as disclosed
in our prior copending application serial number
411,995.

At the end of power shaft 461 opposite the
stationary ring 460, the shaft 461 again passes through
housing 476. A transfer pulley 466 is mounted to this
end of shaft 461. On the same side of housingx476,
downstream roller shaft 475 extends through housing

476, and downstream pulley 468 is mounted to downstream
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shaft 475. A transfer belt 467 is mounted on pulleys
466 and 468 so that downstream roller 474 is rotated in
the same direction as power pulley 463. Pulley 466 may
be a variable pulley for adjustment of the ratio of
ring rotation speed to film payout speed.
Alternatively, ring 460 may be mounted for rotation in
a manner similar to ring 444, and the rotation speed of
ring 460 may bé varied to change the net action of belt
465 and pnlley"463, thus altering the film payout
speed. '

Returqing again to the end of housing 476
adjacent stationary ring 460, downstream gear 479 is
mounted to downstream roller shaft 475, and engages
upstream gear 477 which is mounted to upstream roller
shaft 473. Thus, upstream roller. 472 rotates in the
opposite direction of downstream roller 474 and power
pulley 463.

A film roll shaft 454 is mounted to a bracket
471 across ring member 444 at a distance from upstream
roller 472 which is at least equal to the radius of a
full film roll 456. Film 458 is dispensed from roll
456 across the far side of upstream roller 472, then in
an "S" curve between the roller 474. Film path
extension means comprising an idler roller 481 is
journalled to an idler roller brackét 482 mounted to
and across the plane of ring member 444. Film web 458

passes from the downstream roller 474 around idler
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roller 480 and then onto the load. Idler roller 480
must be positioned less than 90 degrees around ring
member 444 from the downstream roller 474, in order to
avoid contact of film 458 with the load between the
downstream roller 474 and the idler roller 48l1. The
idler roller 481 must also be separatéd from the
downstream roller 474 a distance sufficient to avoid
film web contact with housing 476, and also sufficient
to expose a large area of film 458 to force variance
caused by cornering of the 1load during wrapping.
Bracket | 482 may be fixedly moﬁnted perpendicular to
ring member 444 or fixed thereto in an angled
orientation, or gimballed thereto so that it "floats"
or adjusts orientation on one or two axes in response
to film path angles.

As best seen in Figures 2 and 11, a pair of
side conveyors 258 are positioned on either side of the
load path and are in close proximity or in contact with
opposing vertical side faces of the load 24. Each side
conveyor 258 comprises a bracket 236 secured to the
frame, a skid-sleeve support 238 supported by the
bracket 236, skid-sleeve 278 supported by the
skid-sleeve support 238, and upstream pulley 272 and a
downstream 274 at opposite ends of the skid-sleeve 278.
A side conveyor belt or chain 270 circulates in a
downstream pulley direction while exposed.at an upper

edge of skid-sleeve 278, and then returns in an
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upstream direction within skid-sleeve 278. Belt 270
encircies pulleys'274 and 272. Upstream pulley 272,
bracket 238 and support 236 are preferably located
upstream from the wrapping station 441, while the
skid-sleeve 278 preferably extends downstream through
the wrapping station 441.

A side conveyor motor 262 may be mounted to
an overhead portion of frame 42, and is coupled to
shaft 264 so as to rotate shaft 264 about its axis. An
opposite end of shaft 264 is journalled to bearing 266
also coupled to an upper portion of frame 42, A pair
of pulleys 268 are mounted to axle 264 directly above
each of the two drive pulleys 276. A vertical belt 269
encircles each overhead pulley 268 and a second sheave
of pulley 272 below. Therefore, operation of motor 262
will drive the circulation of side conveyor belts 270.
As the upper portion of belt 270 moves downstream, it
carries with it any film web 458 which may be wrapped
around the load and the skid-sleeve 278. Skid-sleeve
278 is preferably configured of a material chosen for
low friction with the film web 458. As each wrapped
load passes the downstream end of each side conveyor
158, the tensioned film web which is wrapped against
the load 24 will move off of the side conveyors 258 and
resume its memory position against the side verticél
face of the locad 24. Thus, the side conveyors 258 are

especially well adapted to. maintenance of 1load
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wrapping of the load, and make the present invention
especially useful for wrapping loads composed of large
numbers relatively small units.

Typical films .which can be used in the
stretch wrépping apparatus are EVA copolymer films with
a high EVA content such as the films manufactured by
Consolidated Thermoplastics *RS-50", Bemis
"Super-Tough®", and PPD "Stay-Tight" films. PVC films
such as Borden Resinite "PS-26" can be used in the
invention along with premium films such as Mobil-X,
Presto premium and St. Regis which utilize a low
pressure polymerization process resin manufactured by
Union Carbide and Dow Chemical Company. This resin,
called linear low density polyethylene, has
significantly different stretch characteristics than
previous stretch films. These characteristics allow
the film to withstand the high stress of extreme
elongation without tearing during wrapping of the load.

It should be noted that film, film material
and film web are used interchangeably throughout the
specification.

The A wrapping conveyor assembly 34 as best
seen in Figqures 2 and 7 comprises a conveyor 92 stacked
atop first and second side web carrier assemblies 94
and 98. The conveyor 92 comprises an enciless driven

belt 96 mounted on a plurality of
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rollers 100, which are supported by a plate 102 secured
in turn to a frame member (not shown) holding the
rollers in a rotatable position as is well-known in the
art. Belt 96 is driven by any conventional motor and
roller linkage (not shown). The upper belt segment of
conveyor 92 travels in a downstream direction shown by
the arrow A with the lower segment of the conveyor
returning upstream. The assembly 34 extends through
both the two film dispensers 36 and 436.  Each of the
two side web carriers 94 and 98 comprise a driven
sprocket 95 beneath one end of the conveyor 92, a
fiee—wheel sprocket 97 beneath an opposite end of the
upper conveyor 92, a chain track 93 positioned to
extend between the sprockets 95 and 97, and a chain 91
encircling the sprockets 95 and 97. The chain 91 moves
in the direction of load motion along the outside edges
of the conveyor 92, and returns in the opposite
direction beneath the surface of conveyor 92. The
chain 1is exposed and horizontally supported by the
chain track 93 along the edge of the conveyor 92, and
is isolated by chain track 93 beneath the conveyor 92.
Driven sprockets 95 are driven by a motor means (not
shown) of any well known conventional type so that the
chain 91 moves at the same linear speed as the conveyor
92. Thus, film web wrapped around the load and the
conveyor assembly 34 will engage the portions of chains

91 moving downstream beneath the conveyor 92 and be
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transported thereby at a uniform speed, and it will not
engage either the lower portion of Conveyor 92
returning upstream or the interior portions of chains
91 moving upstream.

This construction allows two webs of film to
be wrapped around a load 24 carried by the conveyor
assembly 34 through the wrapping stations 41 and 441.
The stretched webs are wrapped around the conveyor
assembly 34 and the load with both the load and wrap
being carried by the conveyor assembly in the same
direction. When the load encounters the takeoff
conveyor 20 as shown in Figure 2 the stretched webs
beneath the conveyor assembly 34 assume memory position
M against the bottom of the load in the space between
the conveyor assembly 34 and take-off conveyor 20,
allowing the contained load covered by stretched wrap
to be carried away. |

A contnuous sequence of loads may be wrapped
in the manner described above, preferably separated on
conveyor 34 by spaces S greater than the load height.
As shown more clearly in Figure 4, continuously wrapped
loads are taken off of the conveyor 20 and are sealed
and severed into separate loads away from the
apparatus. The take-off conveyor 220 carries the
continuously spiral wrapped 1loads 224 connected
together by the film overwrap from the wrapping

stations. The take-off conveyor assembly 220 carries
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loads 224 more slowly than conveyor 34, in order to
decrease the 1length of spaces S between consecutive
loads and the tension on film web in spaces S.

The spiral wrapped bundle 224 as seen in
Figure 4 1is severed into individual packages by a
guillotine-like cutting apparatus 225 comprising a
frame 227, two parallel bars 228 and 230 and a cutter
wire 229 mounted to one of the bars. The cutter wire
229 consists of a nichrome wire which is electrically
connected to a source of energy. The resistance of the
wire causes sufficient heat so that when the wire is
reciprocated with the bars between the bundles 224, the
wrap is severed forming encapulated loads 124.

The film material may also be simultaneously
sealed at each edge, for example by heat applied
through the bars, so that the forward edge of one load
is sealed as the rearward edge of the preceding load is
sealea. As the spiral bundle 224 enters the cutting
area, sensor 131 projects a light source through the
transparent film in the space S between the individual
loads against a photoelectric reflector (not shown) to
generate an electrical signal commanding the bar drive
circuitry to activate pneumatic cylinders 236 driving
together the sealer bars 228 and 230. The cutter wire
229 is activated to cut through the film after the film
has been clamped between the bars to sever the load 124

from the wrapped sprial bundle 224. Such sensing
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apparatus is well known in the art, and any standard
circuit can be used to cause the pneumatic cylinders
236 to be activated.;when the sensor means senses a
space between the loads 124. Likewise, a limit switch,
contact switch, pressure sensitive switch or other
suitable means can be used to activate the cylinders
236. In operation, the bars are driven toward each
other during the seal and cut and driven away from each
other above and below the load surface for the next
seal and cut to provide smooth, efficient operation.

The spiral bundle advances and the next
spacing S between the loads 124 is sensed by the light
sensor 131, The sealing bars which have been
previously dfiven away from each other allowing the
loads to be transported are driven toward each other to
seal and sever the wrapped loads in the same manner as
previously discussed.

Because of the high thfoughput of the present
invention, loads reach the cutting apparatus 225 before
the film web in the spaces S before and behind each
load can recover substantially from the pre-stretch
operation. Therefore, the film web is in a condition
of minimal or zero tension, which permits sealer dwell
time for cooling to be reduced to the range of 1 to 4
seconds or completely elminated, further enhancing

overall throughput.
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A traveling sealer-cutter mechanism 240 can
be utilized when steady throughout 1loads is desired.
This type of device, which is well-known and indicated
schematically at Figure 4, surrounds a space S between
consecutive loads and moves downstream apace with the
loads during the seal and severance operations at the
surrounded space S. The mechanism then moves upstreamn,
passing around the load until its trailing end and the
next space S are encountered, at which point the
operation can be repeated.

Fbllowing severance; the film web recovers or
retracts over time against the leading and trailing
load ends to exert containment forces thereon. In the
prior art, by contrast, film web was sealed at 1load
ends only after recovery and under significant tension,
which reguired far longer sealer bar contact and 1load
motion interruption to cool the heated seal, or. else
under no tension and no corresponding end-to-end
containment force.

In the operation of the inventive wrapping
apparatus, feed conveyor 32 brings two initial loads 24
onto the wrapping conveyor assembly 34 which then
carries the loads to predetermined wrap positions 41
and 441 within the rings 44 and 444 respectively, ahd
the conveyor assembly stops, leaving the 1loads in
stationary positions. The leading edge of the film web

58 is tucked against the load within ring 44 and the
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leading edge of web 458 is tucked against the 1load
within ring 444. Rotation of rings 44 and 444 is then
begun. Loads 24 are continuously carried through
wrapping stations 41 and 441 by conveyor assembly 34,
and rings 44 and 444 are rotated continuously.

Because rings 44 and 444 are rotated
continuously, the spaces S between loads are wrapped,
with | the empty wrap being supported by the wrapping.
conveyor 34 and the side conveyors 158 and 258.
However, the recovery speed of film stretched past its
yield point is slow enough that the empty wrap between
loads is not under initial tension, which permits a
seal to be formed with a very short dwell time.

As ring 44 rotates, film is drawn across the
surface of downstream roller 74 to encircle the load.
The contact of pulley 63 with bélt 65 forces pulley 63
to rotate, thereby rotating shaft 61 and transfer
pulley 66. Transfer pulley 66 drives belt 67 and
pulley 68, which drives roller 74. The rotation speed
of roller 74 is therefore proportional'to the rotation
speed of the ring member 44. The rotation speed of
upstream roller 72 is held to a constant ratio of that
of downstream roller 74, through gears 79 and 77, so
that upstream roller 72 draws film 58 from film roll 56
and the film web is stretched during passage between
the rollers 72 and 74 due to the speed differential

therebetween.
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Thus, the force experienced by the load is
reduced, and the variations in speed required by the
film web due to corner passage on the 1load is
controlled by the apparatus without rupture of the
film.

As film payout reduces the diameter of film
roll 56, friction in film mandrél 54 prevents slack on
web 58 between roll 56 and roller 72. Alternatively,
frame B84 is pivoted and roller 57 is urged against roll
56 to maintain roll payout speed at or below the
surface speed of roller 72.

Chains 170 and 186 are driven to match the
speed of conveyor assembly 34, so web 58 in contact
with chains 170 and 186 is transported downstream by
the chains. aAs the loads pass each downstream pulley
174, the web 58 leaving contact with belts 170 recovers
or retracts under tension against the sides of each
load 24.

Ring 444 is rotated in the opposite direction
from that of ring 44 so that the helical forces applied
to the loads by web 58 will be balanced by the opposing
helical forces of web 458, and 1longitudinal and
circumferential forces will be reinforced.

As ring 444 rotates, film 458 is drawn across
the surface of downstream roller 474 to encircle the
load. The contact of pulley 463 with belt 465 forces

pulley 463 to rotate, thereby rotating shaft 461 and
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transfer pulley 466. Transfer pulley 466 drives belt
467 and pulley 468, which drives roller 474. The
rotation speed of roller 474 is therefore proportional
to the rotation spéed of the ring member 444. The
rotation speed of upstream roller 472 is held to a
constant ratio of that of downstream roller 474,
through gears 479 and 477, so that upstrear;l roller 472
draws film 458 from film roll 456 and the film web is
stretched during passage between the rollers 472 and
474 due to the speed differential therebetween.

Thus, the force experienced by the 1load is
reduced, and the variations in speed required by the
film web due to corner passage on‘ the 1load is
controlled by the apparatus without rupture of the
film.

Take-off conveyor 20, positioned to accept
loads from the end of conveyor assembly 34, is
constructed 1like the infeed conveyor and runs at a
fixed fraction of the speed of the infeed conveyor. A
suitable mechanical means (not shown) may be set up to
make the drive of both the infeed conveyor and the
take-off conveyor proportional to the reduction gearing
assembly of the drive motor. Thus, if the motor slows
down or speeds up to drive the wrapping mechanism at
different speeds, the infeed and take-off conveyors are
simultaneously speeded up or slowed down so that the

load is moved to conveyor assembly 34 and taken away
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from the conveyor assembly 34 at consistent relative
speed.

As film payout reduces the diameter of film
roll 456, friction in film mandrel 454 prevents slack
on web 458 between 1roll 456 and roller 472.
Alternatively, frame 484 is pivoted and roller 457 is
urged against roll 456 to maintain roll payout speed at
or below the surface speed of roller 472.

Chains 270 are driven to match the speed of
conveyor assembly 34, so web 458 in contact with chains
270 and 186 is transported downstream. As the loads
pass each downstream pulley 274, the web 458 leaving
contact with belts 270 recovers or retracts under
tension against the sides of each load 24. As the
loads cross over the downstream end of conveyor
assembly 34, the webs 58 and 458 leaving contact with
chains 91 recover or retract under tension against the
bottom face of each load 24.

The empty wraps between the loads are then
severed and optionally sealed as previously discussed,
and the sealed 1loads are taken away +to another
transport area. The end wraps recover after severance
to gradually apply end-to-end containment forces.

It should be noted 'that the steps of the
wrapping can be interchangeable without departing from
the scope of the present invention. Furthermore, these

steps can be interchanged and are equivalent. -
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A procesg of making a unitary package by

wrapping a load which is shorter than the wrapping zone with

at least two overwraps of stretchable material, comprising

the steps of:

a.

transporting the load through a first
wrapping station on a wrapping conveyor
adapted to transport the load and stretchable
material wrapped around the load at a
constant speed;

encircling the load with a first web of
stretchable material in a direction
transverse to the direction of load passage
thereby producing about the locad a first
helical bias wrap having a first helical
component;

transporting the load out of the first
wrapping station and into a second wrapping
station; and

encircling the load with a second web of
stretchable material to produce a second
helical bias wrap having a second helical
component substantially equal in magnitude
and opposite in direction to the first
helical component producing a dual wrap

on said load with opposing helical forces
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balanced resulting in an end-to-end
containment force and a circumferential

containment force.

2. A process of making a unitary package as

claimed in Claim 1, wherein each of steps b and d further
comprise stretching said stretchable material beyond the
yvield point of said stretchable material prior to wrapping
said stretchable material about said load.

3. A process as claimed

in Claim 1 or 2, wherein said encircling steps further
comprises passing said film material partially around
upstream and downstream roller assemblies which are
mechanically connected and adapted to transport the
£film material at a faster speed at the downstream roller
assembly then at the upstream roller assembly before the
film material is wound around the load.
4. A process as claimed

in one of claims 1 to 3, further comprising the additional
steps of severing said film material at ends of said 1load
followed by recovery of said film material at said ends of
said load to exert an increase in tension and longitudinal

containment force on said ends of said load.

5. A process as claimed

in one of claims 1 to 4,wherein said stretchable material
wrapped on said load is additionally transported in said
downstream direction by side conveyor assemblies adjacent

said load which incur the force of the stretched material.
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6. A process as claimed in

one of claims 1 to 5, wherein each said wrap is applied to
said load by passing said stretchable material through a
stretching mechanism adapted to provide constant elongation
of said stretchable material.

7. A process as

claimed in Claim 6, wherein said stretching mechanism
comprises an upstream roller member and a downstream roller
member, said roller members béing interconnected and adapted
to provide constant proportional rotation of said roller
members.

8. A process of unitizing a plurality of units by

wrapping the plurality of units with dual rings to form
a package, comprising the steps of:

a. dispensing a first film web from a first
dispenser means and drawing said first film web
adjacent a first wrapping area;

b. moving said plurality of units through said first
wrapping area on a conveyor means between first

side guides;
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rotating said first dispenser means in a first
direction relative to said first wrapping area to
stretch said first film web beyond its yield point
and wrap said stretched film web around said load
and conveyor and first side guides while moving
said plurality of units through said first
wrapping area, said first side guides receiving
the majority of the wrapping forces

from the first film web;

dispensing said film web from a second dispensing
means and drawing a second film web adjacent a
second wrapping areaj;

moving said plurality of wrapped units through a
second wrapping area on said conveyor means
between second side guides; and

rotating said second dispensing means in a second
direction opposite said first direction to stretch
said second film web beyond its yield point and
wrap said second film web around said load and
conveyor and second side guides while moving said
plurality of units through said second wrapping
area, said second side guides receiving the
majority of the wrapping forces from the second

film web.
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9. An apparatus for making a package by wrapping
a load with a plastic material overwrap, comprising in
combination: a frame, infeed means adapted to receive and
transport a load, wrapping conveyor means adapted to receive
said load from said infeed means and transport said load and
film web wrapped around said 1locad and said wrapping
conveyor means, and takeoff conveyor means adapted to
receive said load and said film web wrapped around said load
from said wrapping conveyor means, a first film dispensing
means rotatably mounted on said frame about said wrapping
conveyor means, a second film dispensing means rotatably
mounted on said frame about said wrapping conveyor means
downstream from said first film dispensing means, each said
film dispensing means being adapted to hold a roll of film
web and wrap said film about said load and said wrapping
conveyor means, a plurality of side conveyor assemblies
mounted to said frame and positioned adjacent said load
and each of said first and second dispensing means, said
side conveyor assemblies being adapted to be wrapped by said
film dispensed by said first and second dispensing
assemblies and transport said film adjacent said load in
said downstream direction; first drive means connected to
said first dispensing means to drive said first dispensing
means around said load said side conveyor assemblies and
said wrapping conveyor means, said first dispensing means
being adapted to stretch and dispense said film while being
driven in rotation in a first direction about said load said
side conveyor assemblies and said wrapping conveyor means

moving said load downstream,
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thereby producing about the load a first helical bias wrap
having a first helical force component, and second drive
means connected to said second dispensing means adapted to
drive said second dispensing means about the load, said side
conveyor assemblies and said wrapping conveyor means in a
second direction opposite said first direction, said second
dispensing means being adapted to stretch and dispense film
while being driven in rotation about said load, said side
conveyor assemblies and said wrapping con&eyor means moving
said load downstream, thereby producing about the load a
second helical bias wrap having a second helical force
component substantially equal in magnitude and opposite in

direction to the first helical force component.

10. Apparatus as claimed in Claim 9, wherein each
of said first and second dispensing means further comprises
an upstream roller member and a downstream roller member,
said roller members being interconnected and adapted to

engage said film and provide constant elongation of said
film.

11. Apparatus as claimed in Claim 10, wherein

each of said first and second dispensing means additionally
comprises elongation drive means adapted to drive said
upstream and downstram roller assemblies at a predetermined
speed independent of force exerted by said load through said

film on said downstream roller assembly.
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12. Apparatus as claimed in Claim 11, wherein
each of said elongation drive means is adapted to vary said
predetermined speed.

13. Apparatus as claimed in one of élaims 9 to 12, further
comprising cutting means positioned downstream from said
second film dispensing means, said cutting means being
adapted to cut said film web before and behind said load.
14. . An apparatus for unitizing a load, comprising
in combination: wrapping conveyor means adapted to
transport said lcad and film web wrapped around said load
and said wrapping conveyor means, first film dispensing
means encircling said wrapping conveyor means and adapted to
stretch and dispense film web in a first direction about
said wrapping conveyor means and said 1load, second film
dispensing means encircling said wrapping conveyor means
downstream from said first film dispensing means and adapted
to stretch and dispense film .web in a second direction
opposite said first direction about said wrapping conveyor
means and said load, and a plurality of side conveyor
assemblies positioned within each of first and said second
dispensing means and adapted to transport said film web
wrapped about said wrapping conveyor assembly and said side

conveyor assemblies in said downstream direction.
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15. . Apparatus .as claimed in Claim 14, wherein
each of said first and second dispensing means further
'comprises elongation means adapted to receive and stretch
said film web at a constant elongation beyond the yield

point of said film web.

16. Apparatus as claimed in Claim 15, wherein each
of said . and second dispensing means further comprises
elongation drive means adapted to drive said elongation

means.
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