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Method of and apparatus for wrapping reams of paber or the like.

@ Reams of paper sheets are wrapped in sheets
(S) of wrapping material (W) in a wrapping apparatus
{100) which is electronically coupled to the sheeter
(200) that produces the reams so as to automatically
Nand continuously synchronise their operation. The
<posi’cion of the wrapping apparatus (100) relative to
O the position of the sheeter (200) is automatically
L adjusted to ensure synchronisation of the operation
of the wrapping apparatus with that of the sheeter.
L The reams which are randomly received by the
l\wrapping apparatus (100) from the sheeter (200) are
monitored and selected reams are deiayed (15) to
@ obtain a desired spacing therebetween. The delayed
[ reams are fed to the wrapping section (106) of the
LWiwrapping apparatus (100) during predetermined
stages of successive cycles of the wrapping section
and the drive (4) for the wrapping apparatus is

coupled to the drives for the web positioning and
wrapper sheet transfer means (26) for advancing the
web (W) and the wrapper sheets (S) to the cutting
(104) and draping (104) positions, respectively, at a
gradually increasing, constant and gradually de-
creasing speed conforming to the cycle of the wrap-
ping section. FIG. |
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METHOD OF AND APPARATUS FOR WRAPPING REAMS OF PAPER OR THE LIKE

This invention relates to a method of and to an
apparatus for wrapping articles, and more particu-
larly to a method of and to an apparatus for wrap-
ping block-shaped units, such as reams of paper,
in wrappers constituted by sheets of paper or other
suitable wrapping material. For the sake of simplic-
ity, reference is made herein to "reams"; however,
it is to be understood that the improved method
and apparatus are equally suited for the wrapping
of other commodities and that such reference is
not intended to limit the scope of the claims. A
ream generally comprises a stack of five hundred
sheets of paper, e.g.. 8% by 117 or 83" by 14"
Such reams are presently produced in vast quan-
tities by an apparatus called a "sheeter” which cuts
paper webs into sheets of the desired size (e.g..
84" by 11”) and assembles the sheets into reams
of five hundred sheets each.

The method and apparatus of the present in-
vention belong to the same field as the methods
and apparatus disclosed in~ U.S. Patents Nos.
4,029,194, 4,073.375, 4,193,491, 3,458,026
4,203,694, 3,533,496, 3,861.120, 4,279,116,
3,213,591 and 4,011,155, and in applicant’s litera-
ture describing its Model 66 wrapping apparatus
(designed to operate at speeds of between 20 and
41 reams per minute) and its Model 35 and 36
wrapping apparatus (designed to operate at speed
of up to 60 and up to 80 reams per minute,
respectively).

Wrapping of reams of paper, and especially
wrapping of reams at relatively high production
rates, presents special problems. First of all, it is
difficult to maintain the integrit of the reams (i.e., to
maintain all sheets of a ream in accurate register).
Secondly, problems are encountered because the
reams are delivered to the wrapping apparatus with
slight spacing irregularities between successive
reams (in other words, the reams are randomly
received, i.e., they are not equally spaced from one
another), and the rate at which the reams are
delivered is not necessarily fixed relative to the
speed at which the wrapping apparatus is operated
(i.e., the shester, the ream delivery system and the
wrapping apparatus may not share a common
drive). The spacing variations between the reams
and the differ ences between the delivery rate of
the reams and cycling rate or the wrapping appara-
tus cause the reams to be delivered periodically in
and out of phase with the cycle of the wrapping
apparatus This can result in jamming of the wrap-
ping apparatus.

Problems are further encountered in connec-
tion with the operation of the web positioning and
wrapper sheet transferring portions of the wrapping
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apparatus which position and supply wrapper
blanks for wrapping around the reams. These as-
pects of the wrapping operation are particularly
important because the wrapping sheet is often im-
printed. Uniess these operations are properly car-
ried out, the web may be cut through the imprint or
the wrapper sheet may be wrapped around the
ream with the imprint improperly positioned on the
ream. Prior art methods and apparatus for accom-
plishing web positioning and wrapper sheet transfer
have utilized electronic controis (e.g.. printed circuit
boards) for controlling the drives for the web posi-
tioning and wrapper sheet transferring mecha-
nisms. Such electronic controls have been able fo

-effect positioning of the web and wrapper sheets,

but with rapid acceleration and deceleration of the
web and wrapper sheets. The time constraints un-
der which the web must be paid out, positioned
and cut, and under which the cut wrapping sheet
must be subsequently transferred fo assume a
proper position for draping around the ream require
operating speeds which can involve jerky starts
and stops of the apparatus using such prior art
techniques. Damage to the web and wrapper sheet
and undesirable excessive wear upon the compo-
nents of the wrapping apparatus can result. More-
over, such prior art solutions are expensive.

Still further, problems are encountered in op-
erating the cutting mechanism. Conventional recip-
rocating guillotine type cutting blade mechanisms
generate excessive noise, and prior art rotary cut-
ting mechanisms which are disposed above the
path of the web are difficult to adjust and to replace
and they interfere with the positioning of the follow-
ing wrapper sheet transfer mechanism (in the form
of a vacuum belt at the underside of which the
wrapper sheet is heid by suction) in such a way
that the cut wrapper sheet is held against curling
along its cut edge.

Finally, problems are encountered in handling
of the reams during outfeed (which commences
while the reams are in the process of being
wrapped by the wrapping means) so as to ensure
that the reams are not damaged. High-speed mo-
tion must be imparted to each ream as it is being
acted upon by the wrapping means so as to effect
its removal from the wrapping station in a highly
expeditious manner in order to permit entry of the
next-following web. And yet, such high-speed mo-
tion must be imparted to the stationary ream with-
out damaging the ream or knocking the ream out of
alignment. A greater variation in the speeds and a
more gradual acceleration of the overhead di-
scharge conveyor, which effects removal or outfeed
of each ream being acted upon, by the wrapping
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means than has been possible with conventional
apparatus is required.

The aforementioned problems become particu-
larly acute when the wrapping apparatus is op-
erated at speeds in excess of 100 reams per
minute. The prior methods and apparatus have
worked satisfactorily at lower speeds of 60-80
reams per minute but they have proved unsatisfac-
tory and unreliable at higher operating speeds,
namely at speeds in excess of 100 reams per
minute. They either cannot operate at such speeds
at all, or they cannot sustain such speeds, i.e., they
have a very short service life at such speeds.

An object of the present invention is to over-
come the aforementioned problems in such a way
as to permit routine opera tion at speeds in excess
of 100 reams per minute. The present method and
apparatus are not merely an improvement over
prior art methods and apparatus but rather repre-
sent a "second (or third) generation" wrapping
method and apparatus which overcome the afore-
mentioned problems in novel and unique ways so
as to permit operation of the wrapping apparatus at
speeds which, for industry conceptions, are signifi-
cantly higher than in and unattainable with conven-
tional methods and apparatus.

An additional object of the invention is to pro-
vide an improved method of and an improved
apparatus for wrapping reams of paper or other
block-shaped piles or units at a relatively high
production rate without affecting the integrity of the
units.

Another object of the invention is to provide a
novel and unique method of and a novel apparatus
for coupling the sheeter and wrapping apparatus so
as to automatically and continuously synchronize
their operations.

A further object of the invention is to provide a
novel and unique method of and a novel apparatus
for adjusting the wrapping apparatus to keep it in
phase with the sheeter.

An additional object of the invention is to pro-
vide a novel and unique method of and a novel
apparatus for adjusting the positions of the reams
which are discharged by the sheeter in the event
that the positions of the discharged reams are not
always the same relative to the position of the
sheeter.

A further object of the invention is to provide a
novel and improved wrapping apparatus which can
accommodate variances i spacing between succes-
sive reams to be wrapped.

Another object of the invention is to provide a
novel and improved method of and a novel and
improved apparatus for effecting desired spacing
between reams which are delivered to wrapping
means of the wrapping apparatus so that randomly
receive reams can- be routinely handled without
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requiring operation of the wrapping apparatus and
sheeter at different speeds.

Another object of the invention is to provide a
novel and improved method of and a novel and
improved apparatus for feeding reams to be
wrapped to continuously operable wrapping means
of the wrapping apparatus which cycles at a steady
rate.

An additional object of the invention is to pro-
vide a novel and improved method of and a novel
and improved apparatus for conveying reams to
wrapping means and for delaying conveyance of
the reams to the wrapping mrans without damage
to the reams.

Anocther object of the invention is to provide a
novel and improved method of and a novel and
improved apparatus for effecting precise control of.
wrapper web positioning and wrapper sheet trans-
ferring means keyed to cycling of the wrapping
apparatus. :

A further object of the invention is to provide a
novel and improved method of and a novel and
improved apparatus for coupling the drives for the
wrapper web positioning and wrapper sheet trans-
fer means to the drive of the wrapping apparatus
so as to avoid sudden starts and stops and possi-
ble damage to the web or wrapper sheets.

Another object of the invention is to provide a
novel and improved wrapper web cutting mecha-
nism which ensures adequate support of the wrap-
per sheet which is cut off so as to avoid curling.

An additional object of the invention is to pro-
vide a novel and improved wrapper web cuiting
mechanism which facilitates convenient replace-
ment and adjustment of the cutting means.

A further object of the invention is to provide a
novel and improved method of and a novel and
improved apparatus for expeditiously discharging
wrapped reams without damage.

Another object of the invention is to provide a
wrapping appara tus which is of relatively simpie
construction. which is reliable in operation, and
which has a long service life.

The improved method comprises the step of
feeding successive reams one after the other to a
wrapping apparatus which cycles continuously at a
steady rate with a ream being receivable by wrap-
ping means of the wrapping apparatus only during
a selected portion of each cycle of the wrapping
means. The reams to be fed to the wrapping ap-
paratus are randomly delivered from a sheeter, one
at a tme and at an average rate. The method
further comprises the step of electronically cou-
pling the sheeter and the wrapping apparatus so
that they operate in synchronism at the same
speed. The reams coming from the sheeter are
monitored and the operation of the wrapping ap-
paratus is modified to conform the cycle phases of
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the sheeter and wrapping apparatus. The reams
are fed in a straight line, one at a time, to a holding
or delaying station where a ream may dwell for a
certain interval of time. Each ream which has been
delivered to the holding station is fed further for-
ward in a continuation of the straight-line motion in
time for delivery to the wrapping means of the
wrapping apparatus during the selected portion of
the cycle of the wrapping means when the laiter is
positioned to receive and wrap a ream. The feeding
of a randomly received ream to the holding station
occurs at a relatively low speed while the transport
through and away from the holding station takes
place at a higher speed. The feeding forward of a
ream which has been delivered to the holding
station too late for delivery to the wrapping means
during the selected portion of a cycle is deferred
untit the nexi-following cycle of the wrapping
means. A ream which has been delayed at the
holding station is rapidly accelerated to the higher
speed and thus moves ahead of any following
ream which may have been in contact with it while
it was delayed inasmuch as the following ream is
still travelling at the lower speed. The components
at the holding station are operated in phased rela-
tion to delivery of a delayed ream through and
away from the holding station so as to reduce the
likelihood of contact of components at the holding
station with the delayed ream, which contact could
be deleterious to the integrity of the ream.

The improved method further comprises the
steps of positioning the wrapper web, subdividing
the wrapper web into wrapper sheets, and transfer-
ring the wrapper sheets. The web positioning and
wrapper sheet transfer means are coupled to the
main drive for the wrapping apparatus so that,
dependent upon the required length of the wrapper
sheets, the wrapper web will move to a certain
extent prior to cutting and the wrapper sheets will
move to a different extent (possibly even to the
same extent as the wrapper web) after cutting in a
gradually accelerating, constant, gradually deceler-
ating motion keyed to the cycle of the wrapping
apparatus, thus avoiding sudden start and stop
motions. The cutting means is disposed below the
wrapper web such that a larger portion of the
wrapper sheet which is cut off can be supported by
the transfer means against curling.

The improved method further comprises con-
trolled removal of reams being acted upon by the
wrapping means of the wrapping apparatus from
the wrapping means and all the way to ultimate di-
scharge from the wrapping apparatus. Reams
which are in the process of being wrapped by the
wrapping means are engaged by overhead con-
veyor means travelling at a significantly reduced

rate of speed. After initial engagement. the over-

head conveyor means progressively accelerates
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the reams to a high speed so as to expeditiousty
move the reams from the wrapping means without
jarring the reams or causing misalignment of their
sheets. Before engaging the nexi-following ream.
the overhead conveyor means is decelerated so
that, upon initial engagement of the next-following
ream, no bouncing or jarring of the next-following
ream OCCUrs.

The impraved wrapping apparatus comprises
conveying apparatus for feeding’ reams one after
the other to wrapping means which cycles continu-
ously at a steady rate with a ream being receivable
by the wrapping means only during a selected
portion of each cycle. The reams to be fed to the
wrapping means are randomly delivered to the
conveying apparatus from a sheeter one at a time
and at an average rate. The wrapping apparatus
further comprises delaying or holding means for
delaying reams which are fed by the conveying
apparatus so as to ensure that they are delivered
to the wrapping means during the selected portions
of the respective cycles, namely when the receiv-
ing means is able to receive and handle the reams.
The wrapping apparatus further comprises an elec-
tronic line shaft for coupling the sheeter and the
wrapping apparatus so as to synchronize their op-
eration, and a phase adjust loop which is incor-
porated into the electronic line shaift for adjusting
the phase relationship between the positions of the
reams on the sheeter and in the wrapping appara-
tus.

The novel wrapping apparatus further com-
prises positioning means for advancing a web of
paper to be cut into wrapper sheets to a predeter-
mined position where it is cut. and means for
transferring each wrapper sheet to an overlying
position with respect to the ream about which it is
to be draped. The positioning and transfer means
comprise an independent DC servo motor which is
connected to a cam unit driven by the main drive
of the wrapping apparatus and whose velocity is
determined by the velocity curve of the cam unit as
if the motor and the cam unit were mechanically
coupled. Means is provided for readily varying the
relationship between the velocities of the motor of
the positioning and transfer means and the cam
unit so that different-size wrapper sheets can easily
be produced as needed. The cutting means is a
rotary cutting means which is mounted beneath the
web and acts against a counterknife mounted
above the web. thus permitting the transfer means
which is disposed above the web to more fully
support the web which is cut off as a wrapper
sheet and to thereby avoid curling of the cut edge
of the wrapper sheet. Such mounting of the coun-
terknife above the rotary knife facilitates access for
repair or replacement and for convenient adjust-
ment.
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The improved wrapping apparatus also com-
prises overhead discharge conveyor means which
operates at varying rates of speed under the con-
trol of a conjugate cam. The overhead conveyor
means initially engages reams being processed by
the wrapper means at a relatively low speed in
order {0 avoid jarring and bouncing of the reams as
well as to avoid damage to the reams. The over-
head conveyor means then progressively acceler-
ates the reams to expedite their removal from the
wrapping means. Thereafter, the speed of the over-
head conveyor means remains constant until it is
about o engage the next-following ream, at which
point the overhead conveyor means is rapidly de-

celerated such that it is again moving at the lower -

speed. whereupon it engages the next-following
ream.

The invention will be described in greater detail
with reference fo the accompanying drawings in
which:

Figure 1 is a plan view showing the locations
of components of the resclver phase adjusting sys-
tem of the invention:

Figure 2 is a schematic view showing the
connections between various components of the
resolver phase adjusting system;

Figure 3 is a plan view showing the locations
of components at the holding station;

Figure 4 is a schematic view showing the
connections between various components at the
holding station;

Figure 5 is a timing graph for various com-
ponents of the apparatus;

Figure 6 is a plan view showing the locations
of variou components of the web positioning and
wrapper sheet transfer system in the improved
apparatus;

Figure 7 is a schematic view showing the
connections between various components of the
web positioning and wrapper sheet transfer system;

Figure 8 is a schematic view showing the
mechanical connections between various compo-
nents of the improved apparatus;

Figure BA is a schematic view showing the
mechanical connections between various compo-
nents of the web positioning system;

Figure 8B is a schematic view showing the
mechanical connections between various compo-
nents of the wrapper sheet transfer system:;

Figure 9 is a top plan view of an embodi-
ment of the improved apparatus;

Figure 10 is a side elevational view of the
embodiment of Figure 9;

Figure 11 is an end elevational view of the
embodiment of Figure &;

Figure 12 is a schematic perspective view of
the ream wrapping sequence in the embodiment of
Figure 9;
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Figure 13A is a top plan view of one-half of
the infee conveyor of the embodiment of Figure 9:

Figure 13B is a top plan view of the other
half of the infeed conveyor of the embodiment of
Figure 9;

Figure 14A is a side elevational view of the
one-half of the infeed conveyor shown in Figure
13A;

Figure 14B is a side elevational view of the
other half of the infeed conveyor shown in Figure
13B;

Figure 15A is a top plan view of one-half of
the structure over which the upper reaches of the
infeed conveyor section of Figure 13A travel and of
the associated guide rails and stop gates. at the
holding station of Figure 3;

Figure 15B is a top plan view of the other
half of the structure over which the upper reaches
of the infeed conveyor section of Figure 13B travel
and of the associated quide rails;

Figure 16A is a side elevational view of the
one half of the structure. guide rails and stop gates

‘at the station which is shown in Figure 15A;

Figure 18B is a side elevational view of that
(other) half of the structure which is shown in
Figure 15B;

Figure 17A is a top plan view of one-haif of
discharge conveyor of the embodiment of Figure 9;

Figure 17B is a top plan view of the other
half of the discharge conveyor of the embodiment
of Figure 9.

Figure 18A is a side elevational view of the
one half of the discharge conveyor shown in Figure
17A;

Figure 18B is a side elevational view of that
(other) half of the discharge conveyor which is
shown in Figure 178B:

Figure 19 is a top plan view of the shear
assembly including the web positioning and wrap-
per sheet transfer system of the embodiment of
Figure 9;

Figure 20 is a side elevational view of the
shear assembly of Figure 19;

Figure 21 is an enlarged vertical sectional
view as seen in the direction of arrows from the
line 21-21 of Figure 19;

Figure 22 is a top plan view of the wrapper
sheet folding assembly in the embodiment of Fig-
ure 9:

Figure 23 is a side elevational view of the
folding assembly of Figure 22;

Figure 24 is an end elevational view of the
folding assembly of Figure 22, looking in an up-
stream direction;

Figure 25 is a top plan view of the compres-
sion assembl in the embodiment of Figure 9: and
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Figure 26 is a side elevational view of the
compression assembly of Figure 25.

Figure 1 shows a wrapping apparatus or ream
wrapper 100 and a sheeter 200 as well as various
components of a resolver phase adjusting system
for regulating the operation of the wrapping appara-
tus 100 so as to synchronize it with the operation
of the sheeter 200. The resoblver phase adjusting
system comprises an electrical line shaft between
the sheeter 200 and the wrapping apparatus 100,
and such line shaft has a phase adjust loop. When
the electrical line shaft is activated, the wrapping
apparatus 100 operates as if it were mechanically
coupled to the sheeter 200 and follows both the
speed and position of the sheeter. The purpose of
the phase adjust loop is to adjust the phase of the
wrapping apparatus 100 so as to align it with the
positions of the reams on the discharge conveyor
of the sheeter 200.

The wrapping apparatus 100 includes an infeed

section 102, a shearing assembly 104, a wrapping
section 106, an overhead discharge section 108, an
electrical enclosure 110 and a compression assem-
bly 112. Within the electrical enclosure 110 are the
following components of the resolver phase adjust-
ing system (shown schematically in Figure 2): a
programmable controller 1, a servo pulse width
modulated drive 5, a transducer interface 6 and an
electronic relay 7. Mounted on the wrapping ap-
paratus 100 are the following components of the
resolver phase adjusting system: a rotating cam
fimit switch and pulse generating disc 3, a DC
servo motor 4 which is the main drive for the
wrapping apparaius 100, a reversible stepping mo-
tor 8, a dynamic differential inputoutput phase
adjuster drive 9, a counter proximity switch 10, a
slave resolver or feedback assembly 11, and a
tachometer generator 12. Mounted on the sheeter
200 are the following components of the resolver
phase adjusting system: a master feedback assem-
bly or resolver 11’, a master tachometer generator
12’ and a photoelectric product detector eye 2. The
slave resolver 11 is mechanically coupled to the
wrapping apparatus 100. The resolver 11’ and the
tachometer generator 12' are mechanically coupled
to the sheeter 200 and essentially provide a posi-
tion and velocity reference. Signals from the mas-
ter and slave resolvers 11’ and 11, respectively,
are summed into the transducer interface board 6.
The output of the transducer interface board 6

transmits an analog signal which is proportional to.

the position error of the two resolvers (11” and 11).
The position error signal, along with the speed
reference command from the tachometer generator
12’ coupled to the sheeter 200, provide the refer-
ence command for the pulse width modulated
(P.W.M.) drive 5. The P.W.M. drive 5 controls the
velocity of the motor 4. The tachometer generator
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12 monitors the speed of the motor 4 and provides
the velocity feedback signal.

The connections between the various compo-
nents of the resolver phase adjusting system are
shown in Figure 2. Such connections and the na-
ture of the resolver phase adjusting system itself
will be best understood by considering the opera-
fion of the resolver phase adjusting system. Ini-
tially, when the operator presses the line drive set
push button to begin operation and the speed of
the shester (source of stacks, piles or reams) 200
is below 40 reams per minute, the wrapping ap-
paratus 100 will run at a preset speed. At such
time, the drive motor 4 for the wrapping apparatus
is merely speed-regulated and the electrical line
shaft between the sheeter and the wrapping ap-
paratus is inactive. When the sheeter 200 reaches
a speed of 40 reams per rhinute, which is indicated
by the amplitude of the signal from the tachometer -
generator 12’ that is located on the sheeter 200.
the voltage sensing relay 7 is energized. This ac-
tivates the electrical line shaft, switching the speed
reference command from the present speed poten-
tiometer 13 to the tachometer generator 12’ located
on. the sheeter 200, and opens up a contact that is
connected to the sheeter so that the speed of the
sheeter cannot increase. At this point, the phase
adjusting loop is also activated. When the leading
edge of the first ream blocks the product detector
eye 2, the programmable controller 1 ascertains
whether or not fo advance the position of the
wrapping apparatus by sensing the position of the
rotating cam limit switch 3. The wrapping apparatus
always advances when initial synchronisation oc-
curs fo ensure that a back-to-back ream condition
will not take place at the holding station. In addi-
tion, at the time the leading edge of the first ream
blocks the ream detector eye 2, the programmable -
controller 1 begins to count pulses from the pulse
generating cam 3 in order to determine how far out
of the timing window the ream is. A pulse is
produced every 20 degrees of machine rotation.
After the programmable controller 1 has ascer-
tained by how many pulses the ream is out of the
window, it energizes the stepping motor 8 in either
the forward or reverse direction so as to advance
or retard the slave resolver 11. The stepping motor
8 is mechanically coupled to the dynamic differen-
tial inputoutput phase adjuster 9. Through such
coupling, the relative shaft position relationship be-
tween the resolver 11’ on the sheeter 200 and the
resolver 11 on the wrapping apparatus 100 is
changed. When the stepping motor 8 is energised
in either the forward or reverse direction. the coun-
ter proximity switch 10 located on the shaft of the
stepping motor 8 produces a count proportional to
the number of revolufions of the stepping motor
shaft such that the stepping motor will remain
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energised until the count that was established by
the pulse generating cam 3 reaches zero. It will
remain energized until a count representative of
one-half the timing window area has also expired.
The resultant position of the resolver shaft will have
changed, which will send the phase correction error
signal through the transducer interface 6 and speed
up or slow down the motor 4 to correct the phase
error. As additional reams are detected by the
product detector eye 2, the phase adjustment sys-
tem continues to advance or retard the position of
the wrapping apparatus 100 with respect to the
position of the ream. When the ream detector eye
2 has seen three reams in the timing window (the
timing window is a cam located on the timing cam
3). the programmabie controller 1 energises a con-
tact that enables the sheeter 200 to increase its
speed.

" The following commercially available products
sold under the indicated company.product names
may be used in the resolver phase adjusting sys-
tem according to Figures 1 and 2: The program-
mable controller 1 can be an Allen Bradley Mini
PLC 215 programmable controller. The photoelec-
tric eye 2 can be a Banner eleciric eye consisting
of an emitter ET-1 and a receiver RT-3. The timing
unit 3 can be a Gemco #1983-12-08-D-L1 rotating
cam limit switch and S-580-B puise generating
disc. The DC main drive motor 4 can be a DC
servo motor Inland #TT4503-1000-B. The servo
pulse width modulated drive 5 can be an A2274
NC740 pulse width modulated drive. The trans-
ducer interface board 6 can be a Systrol #A0902
transducer interface. The- voltage sensing relay 7
can be a Systrol #A0907 electronic relay 5 Amp.
The reversible electric stepping motor 8 can be a
Superior #M092-FD08 stepping motor. The dynam-
ic differential inputoutput phase adjuster drive 9
can be a Candy dynamic differential #DD-IA
input output phase adjuster drive. The proximity
switch 10 can be a Turck #B15-G18-AN7 NPN
output proximity switch. Each of the resolvers or
feedback assemblies 11 and 11’ can be a Systrol
#1127-0000-M0D-705 feedback assembly. The
tachometer generators 12 and 12’ can each be a
Wertronic #601A100-1 flange mount 100 VDC 5 PY
tachometer generator. Finally, the present speed
potentiometer 13 can be an Allen Bradiey 2-1/4
Watt 10K potentiometer.

Figure 3 shows the components at a holding
station or ream stop gate system of the wrapping
apparatus 100. The holding station is a part of the
infeed section 102 of the wrapping apparatus 100.
The components of the holding station operate in
conjunction with other components of the infeed
section 102 shown in Figures 13A, 13B, 14A, 14B,
15A, 15B, 16A and 16B to ensure the establish-
ment of a desired spacing between reams which
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are delivered by the infeed section 102 to the
wrapping section 106 of the wrapping apparatus
100 and to ensure that the reams which are sup-
plied to the wrapping section 106 are delivered in
phase with the operation of the wrapping section
106 such that they can be routinely handled by the
wrapping section when it is operating at a steady
rate.

The holding station comprises a photoelectric
eye 14 for monitoring the reams which are deliv-
ered to the infeed section 102 of the wrapping
apparatus 100, stop gates 15 in the nature of air
cylinders with shock pads driven by air valves 16
{see Figure 4) provided downstream of the pho-
toelectric eye 14 in order to prevent the flow of
reams under certain undesirable conditions indi-
cated by the programmable controller 1 and timing
unit 3.

The connections between the various compo-
nents of the holding station are shown in Figure 4.
Such connections and the nature of the holding
station itself will be best understood by considering
the operation of the holding station. When a ream
is detected by the photoelectric eye 14, the siop
gates 15 will close if the ream is out of a predeter-
mined timing window set by the timing unit 3. This
will prevent the ream from travelling further until
such time as the infeed timing window on the
timing unit 3 is detected. Such detection will entail
energisation of the solenocid-operated air valve 16
and open the gates 15. The gates 15 will remain
open until another ream has been detected outside
of the timing window. If two reams are discharged
into the infeed section 102 of the wrapping appara-
tus 100 next to each other with no gap separating
them, the conveying means of the infeed section
shown in Figures 13A el. seq. will accelerate the
first ream to a higher rate of speed than the speed
at which the next-following ream is moving, thus
separating the first ream from the next-following
ream and creating a gap therebetween. When the
photoelectric eye 14 detects the trailing edge of
the first ream, it starts to count pulses which are
transmitted by the counter disc of the timing unit 3.
One pulse is generated every 20 degrees of the
cycle of the wrapping apparatus 100. The gap
which deveiops between the two reams will be too
narrow fo have placed them both in phase, i.e., if
the first falls in the timing window the second will
foillow too soon afterwards to fall into the next-
following window. Therefore, the photoelectric eye
14 will sense that the next-following ream is not
within the window and will fransmit a signal to close
the gates 15. However, the gates 15 will not close
immediately but rather after two counts. This pro-
vides adequate time for the first ream to clear the
gates 15 before they again close. The second ream
will be held by the stop gates 15 until the infeed
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timing window is again detected. At such time, the
stop gates 15 will open again. If, rather than two
reams being discharged into the infeed section 102
in abutting relation, actual contact between two
previously spaced apart reams takes place be-
cause the first ream is delayed by the gates 15 at
the holding station when it is out of phase with the
window of the wrapping section 108, then once the
gates 15 open to release the first ream, the system
will operate in the aforementioned manner as if the
reams had been delivered to the infeed section 102
in abutment.

The following commercially available products
sold under the indicated company-product names
may be used in the holding station of Figures 3
and 4: The photoelectric eye 14 can be a Banner
emitter, receiver electric eye, emitter ET-1, receiver
RT-3. The air cylinder with shock pads 15 can be-a
Tom Thumb #AUT-1-1.8-1.2-B air cylinder with
shock pads. The air valve 16 can be a MAC
#224B-121C air valve.

Figure 5 is a timing graph for various compo-
nents of the wrapping apparatus 100. The wrapping
section 106 of the wrapping apparatus 100 com-
prises an outside elevator, an inside elevator, a rear
tucker, a rear underfolder, a front underfolder, a
loader finger advance and a loader finger raise
shown in Figures 9, 10, 22, 23 and 24. The seven
curves designated by letters A-G inclusive reflect
the extent of movement of the aforementioned sev-
en elements of the wrapping section 106 at various
points during the machine cycle from zero o 360
degrees. The overhead discharge section 108 of
the wrapping apparatus 100 comprises overhead
conveyor means which acts to remove reams from
the wrapping section under the control of a novel
and improved camming means. The curve des-
ignated by the lstter H reflects the extent of move-
ment of the overhead conveyor means. Specifi-
cally, the outside elevator (curve A) commences its
upward movement at zero degrees: it reaches its
fully raised position at 125 degrees; it reaches its
fully lowered (or original) position at 225 degrees:
and it dwells from 225 degrees to zero degrees.
The inside elevator (curve B) also commences its
upward movement at zero degrees and reaches its
fully raised position at 125 degrees. However, the
inside elevator begins to descend at 125 degrees
and reaches a slightly lowered dwell position at
150 degrees. The inside elevator dwells at the
stightly lowered position from 150 degrees to 160
degrees: thereafter, the downward movement of the
inside elevator commences again and the inside
elevator finally reaches its fuily lowered position at
260 degrees and dwells in such position from 260
degrees to zero degrees. The rear tucker (curve
C) commences its outward movement at 142 de-
grees: it completes such outward movement at 282
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degrees; it dwells from 282 degrees to 302 de-
grees; then moves to its fully retracted position at
72 degrees where it again dwells from 72 degrees
to 142 degrees. The rear underfolder (curve D)
commences its outward movement at 113 degrees:
it completes such outward movement at 223 de-
grees: it dwells from 223 degrees to 273 degrees.
at which point it staris its retraction stroke: it is fully
retracted at 53 degrees, and it dwells from 53
degrees to 113 degrees. The front underfolder
(curve E) starts out at 85 degrees for an 8-inch
ream (108 degrees for a 9-inch ream); it completes
its outward movement at 165 degrees (188 de-
grees for a 9-inch reamy; it dwells from 165 to 275
degrees (188 fo 298 degrees for a 9-inch ream); it
is fully retracted at 355 degrees (18 degrees for a
9-inch ream); and it again dwells from 355 to 85
degrees (18 to 108 degrees for a 8-inch ream). The
loader finger advance (curve F) commences at 180
degrees: this finger completes its outward move-
ment at 360 degrees; it dwells from 360 to 20
degrees; and it is fully retracted at 180 degrees.
The loader finger raise (curve G) starts up at 168
degrees; this finger completes its upward move-
ment at 228 degrees: it dwells from 228 degrees {o
3 degrees; it is fully lowered at 78 degrees: and it
dwells from 78 to 168 degrees. The overhead di-
scharge conveyor is continuously in motion, i.e., it
cycles between a slow speed at 165 degrees when
it picks up reams and a high speed but it never
stops moving.

Figures 6 and 7 show various components of a
web positioning and wrapper sheet transferring
system of the wrapping apparatus. Such system
includes optical incremental encoders 17, 17" and
17a, rate multiplier units with encoder interfaces 18,
18’ and 18a, system 55 logic boards 19 and 19'.
servo controllers 20 and 20’ each consisting of a
panel mounting unit with an 8KW power supply and
an internal shunt regulator and a servo controller
consisting of two plug-in assemblies, servomotors
21 and 21’ with type B winding tachometers 22
and 22° respectively, and mounting adapter 7
couplings for mounting encoders 17 and 17°, re-
spectively, the programmabie controller 1, a con-
jugate cam 23 and thumbwheel switches 24 and
24'.

The purpose of the web positioning and wrap-
per sheet transfer system is to cut webs of paper
to specific lengths, and then to transfer the lengths
to a specific location. The two independent DC
servomotors 21 and 21" control these functions.
One motor 21 is coupled to nip rollers 26 shown in
Figures 8A, 19, 20 and 21 and serving to feed the
web to a rotary shear 28 that cuis the web. The
length of web that is fed by the feed nip rollers 26
determines the cut-off length of the resulting wrap-
per sheet. The velocity at which the feed nip roliers

ny
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26 travel is determined by a velocity curve that is
generated by the conjugate cam 23. The second
motor 21’ is coupled to vacuum transfer belts 30
shown in Figures 8B, 19, 20 and 21 and serving to
transfer the cut wrapper sheet to a specific loca-
tion. The transfer belts 30 follow the velocity curve
which is generated for the feed nip rollers 26.
However, the actual index distance of the transfer
belts 30 is completely independent from that of the
feed nip rollers 26.

The input shaft 32 of the conjugate cam 23 is
rotated at a constant velocity. The output shaft 34
of the cam 23 generates a velocity curve which is
similar to a modified sine curve. An optical in-
cremental encoder 17a is mechanically coupled to
the output of the cam 23. The encoder 17a gen-
erates a pulse train representative of the velocity
curve generated by the cam 23. This puise frain is
transmitted to the rate multiplier units 18 and 18’
via conditioner board 18a. The machine operator
selects the desired shear cut-off length by man-
ipulating the thumbwheel switches 24 and 24'. Two
switches 24 and 24’ are provided to enable the
operator to control both the transfer distance and
cut-off length independently. The information from
the thumbwheel switches 24 and 24’ is transmitted
to the programmable controller 1 and is processed
therein. After the information is processed, it is
transmitted to the rate multiplier units 18 and 18’.
These units receive the puise train and transmit a
pulse frain command. However, the frequency of
pulses to each individual system 55 control logic
board 19 and 19 changes depending upon the
multiplier factor that is generated by the program-
mable controller 1. The system 55 control logic
boards 19 and 19’ receive position command sig-
nais from their respective rate multiplier units 18
and 18’. They also receive direction signals from
the puise conditioner board 18a such that the
drives 20 and 21’ follow the master encoder 17a in
both directions. The system 55 control logic boards
19 and 19’ transmit a position error or current
command signal to the pulse width modulated
drives 20 and 20’. Each of the system 55 control
logic boards 19 and 19’ is a closed loop system
that controls both the velocity and the position of
the associated motor 21 or 21’. The position error
signals which are transmitted to the drives 20 and
20" contro! the velocities and positions of both
motors 21 and 21’. The drives 20 and 20 can
produce torque at zero speed and each has a zero
dead band such that the shafts of the servomotors
21 and 21’ follow the cam 23 as if they were
mechanically coupled.

The web positioning and wrapper sheet trans-
fer system can be operated to handle wrapping
paper with preprinted registration marks. For the
nip roiler 26 to rotate, a position error is generated
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by pulses transmitted by the rate multiplier unit 18
to the system 55 logic board 19. These pulses are
stored in an up:down counter. While the rate muiti-
plier unit 18 is putting puilses to the up count,
rotation of the motor 21 puts pulses to the down
count, trying to achieve a zero count in the counter.
When running a preprinted wrapper, the nip roller
system is programmed to feed a sheet about 1 4"
longer than the length of the printed sheet. When
the nip roliers 26 approach the end of their cycle,
an electric eye senses the presence of the register
mark on the wrapper. At this point, the electric eye
prevents the rate multiplier unit 18 from transmit-
ting any more pulses to the system 55 logic board
19. It also sends a 1-millisecond pulse to the
system 55 logic board 19 to reset the counter to
zero. The nip roller drive 21 then comes to a stop,
sending pulses to the counter while decelerating,
and reverses to get the counter back to zero, i.e.,
to where the electric eye originally sensed the
register mark.

Commercially available items sold under the
following company/product names can be used as
the indicated components. The optical incremental
encoders 17a, 17 and 17’ can be B.E.l. #425G-SB-
1250A-B2C SM18-5 optical incremental encoders.
The puise conditioner board 18a and the rate multi-
plier units 18 and 18’ can be C.S.R. RMU-T-4 rate
multiplier units with encoder interfaces. The system
55 logic boards 19 and 19’ can be C.S.R. #1583
system 55 logic boards. The PWM servo drives 20
and 20’ can be NC700 servo controllers each con-
sisting of an A2318 panel mounting unit with 8KW
power supply and an internal shunt regulator and
A2273 NC730 servo controller consisting of two
piug-in assemblies. Each of the DC servomotors 21
and 21’ can be an Inland #TT-4501-1200-B DC
servomotor with a type B winding, tachometer 22
and 22° and a mounting adapter 7 coupling for
mounting a BEl H25G encoder 17 and 17'. The
conjugate cam 23 can be a P-250-P1.5 H20-270
MSC.33 Camco cam unit. The thumbwheel switch-
es 24 and 24’ can be C.S.R. thumbwheel switches.

Figure 8 shows the mechanical connections
between various components of the improved pro-
duction line. In particular, Figure 8 shows the me-
chanical coupling of the dynamic differential
input/output phase adjustor drive 9, the rotating
cam limit switch and pulse generating disc 3, the
resolver 11 of the wrapping apparatus 100 and the
stepping motor 8 of the resolver phase adjusting
drive 9. In addition, there is shown the mechanical
coupling between the conjugate cam 23 and the
optical incremental encoder 17a of the web posi-
tioning and wrapper sheet transfer system. Various
other components of the web positioning and wrap-
per sheet transfer system are shown in Figures 19.
20 and 21. '
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Figure 8 also depicts the mechanical coupling
of components of the improved production line
which will be discussed hereinafter. For example,
Figure 8 shows the mechanical coupling of various
components of the infeed section 102, which com-
ponents are showr in Figures 13A, 13B, 14A, 14B,
15A, 15B, 16A and 16B. Figure 8 also shows the
mechanical coupling of various components of the
wrapping section, which components are shown in
Figures 9, 10, 11, 22, 23, and 24. In addition,
Figure 8 shows the mechanical coupling of various
components of the discharge section 108, which
components are shown in Figures 17A, 17B, 18A
and 18B, to the main drive 4 for the wrapping
apparatus 100 through the medium of a novel
conjugate cam 38 which will be described more
fully hereinafter.

Figure 8A shows the mechanical coupling of
the motor 21 to the feed nip rollers 26.

Figure 8B shows the mechanical coupling of

the motor 21 to the pulleys 29 over which the
vacuum transfer belts 30 are trained.

Figures 9, 10 and 11 show the basic physical
layout of the wrapping apparatus 100 which forms
part of the improved production line. The piles,
stacks or reams to be wrapped are delivered to the
infeed section 102. The infeed section 102 com-
prises a conveying mechanism 40 (Figure 13A)
having variable speed first conveyor means 48
operated at the same speed as the discharge con-
veyors or feeding means of the sheeter or source
200, second conveyor means 50 disposed up-
stream of the stop gates 15 at the holding station
shown in Figure 3, third conveyor means 52 which
operates at a higher speed than the conveyor
means 50 so that the conveyor means 50 initially
slows down the reams which are being received
from the sheeter 200 and thereafier the conveyor
means 52 accelerates the reams so as to ensure
that desired spacing between the reams is effec-
ted, and fourth conveyor means 54 (Figure 13B) for
delivering the reams released from the holding
station to the phased flights or loading fingers 56
(FIG. 13B) of the wrapping section 106 of the
wrapping apparatus 100 and for subsequent trans-
fer to elevator means. Simultaneously, i.e., while
the ream is being delivered to the elevator means
58, the shearing assembly 104 is advancing a
jength of wrapping material off a spool 60 of wrap-
ping material, positioning the web above a rotary
shear such that the rotary shear cuts off a desired
wrapper sheet length, and transferring the wrapper
sheet to a position in which the sheet overlies the
ream on the elevator means 58. As the elevator
means 58 raises such ream, mechanisms are pro-
vided for wrapping the wrapper sheet around the
ream so that the sheet assumes a tubular shape.
Thereafter, other known mechanisms glue the over-
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lying sides of the wrapper sheet and subsequently
fold and glue the ends of the wrapper sheet. Once
the ream has been elevated by the elevator means
58 and partially wrapped, it is engaged by the
overhead discharge mechanism 108. The overhead

" discharge mechanism 108 comprises a pair of

belts or chains 62 which carry pusher members or
arms 64 for engaging the partially wrapped reams
on the elevator means 58 and for transferring them
to the left. as seen in Figure 9. Once folding and
glueing of the ends of the wrapper sheet about the
ream is completed, the overhead discharge mecha-
nism 108 delivers the ream to the compression
assembly 112 which applies pressure to the ends
of the wrapped reams to ensure adequate sealing.

Figure 10 shows the various components of the
wrapping apparatus 100 from another perspective.
The operation of the overhead discharge mecha-
nism 108 will be more readily understood from a
review of Figure 10. The chains or belts 62 which
carry the pusher members or arms 64 are shown
by phantom lines. These chains or belts form part
of a conveyor means 36 (Figure 8} of the mecha-
nism 108. Figure 10 shows how the pusher arms
64 first come in behind the reams which are raised
by the elevator means 58 in a counterclockwise
motion from the left, as seen in Figure 10, and
thereafter urge the partially wrapped reams to the
right, as seen in Figure 10, toward the compression
assembly 112,

FIG. 11 is an end elevational view of the ap-
paratus of Figure 9 showing on a larger scale
certain details of the shear assembly 104. The web
of wrapping material fed from the spool 60 by the
feed nip rollers 26 driven by the motor 21 passes
between the rotary shear 28 and a stationary
counter-knife 66. Once a selected length of web is
cut off by the rotary shear 28 in cooperation with
the stationary counter-knive 66, the resultant wrap-
per sheet is advanced in a direction to the right as
seen in Figure 11 by the vacuum transfer belts 30
driven by the motor 21’ to a position overlying the
elevator means 58 and shown by phantom lines
Figure 11 and denoted by the letter S.

Figure 12 shows generally the stages through
which successive reams pass in the wrapping se-
quence. After passing through the holding station
past the photoelectric eye 14 and gates 15. a ream
is placed on the elevator means 58 and the wrap-
per sheet S is cut from the web W and is trans-
ferred to a position in which it overlies the ream.
Subsequently, when the elevator means 58 raises
the ream, the wrapper sheet S is folded down
around the sides of the ream and tucked under-
neath the ream so that parallel marginal portions of
the wrapper sheet are in overlapping relationship.
The pusher arms 64 of the overhead discharge
conveyor mechanism thersupon come in behind

e
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the partially wrapped ream by moving in the direc-
tion denoted by the arrow P, engaging the partially
wrapped ream and shifting it in the direction of
arrows Q while the wrapping means 106 compietes
folding and glueing of the ends of the wrapper
sheet about the ream as shown.

The various components of the infeed section
102 are shown in Figures 13A, 13B, 14A, 14B, 15A,
158, 16A and 16B. The infeed section 102 com-
prises the infeed conveying mechanism 40 and the
photoelectric eye 14 and stop gates 15 of the
holding station. The infeed conveying mechanism
40 comprises the aforementioned first, second,
third and fourth conveyor means 48, 50, 52 and 54,
a composite table 68 and side guide rails 70. The
conveyor means 48, 50, 52 and 54 comprise belis
trained over pulleys and tensioning members in a
manner well known in the art, and the upper
reaches of such beits are trained over the table 68.

Figures 17A, 178, 18A and 18B show the af-
orediscussed components of the overhead di-
scharge conveyor means 36 of the discharge sec-
tion 108. The overhead discharge conveyor means
36 comprises two sets of double chains 62, a
series of pusher arms 64 (also referred to as pad-
dles, flights, fingers. tines or entraining elements)
carried by each set of double chains, and pulleys
72 around which the double chains are trained in
the same manner as was accomplished in ap-
plicant's prior Model 35 and Model 36 ream wrap-
pers.

Figures 19, 20 and 21 show various compo-
nents of the web positioning and wrapper sheet
transfer system and their positions relative to the
other components of the apparatus. The cut sheets
are fed in an upward direction as seen in Figure
19, and products to be wrapped are fed from the
right to the left, as seen in Figure 19. The rotary
cutter 28 is continuously cycled with the apparatus
irrespective of whether a length of wrapper has
been advanced. The wrapper is fed from the right
to the left, as seen in Figure 20, and from left to
right as seen in the reverse view of Figure 21.

Figures 22, 23 and 24 show varicus compo-
nents of the top folding portion of the wrapping
section. Those components of this section which
accomplish the folding are the same as the compo-
nents previously empioyed in applicant's Model 35
and 36 ream wrappers. Prior art systems showing
such wrapping sections are disclosed in U.S. Pat-
ents Nos. 3,861,120 and 3,213.591. As the product
is raised on elevator means 58, the cut wrapper
sheet is draped around the product by downwardly
extending plates (not shown) such that the
product wrapper sheet configuration is as shown at
stage | in Figure 12. As the product is elevated,
front and rear underfolding plates (not shown)
move underneath the product to drape the wrapper
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sheet around the product so that the
product-wrapper sheet configuration is as shown at
stage Il in Figure 12. Thereafter, the product is
engaged by the overhead discharge conveyor sys-
tem 108 and it begins to move from the left to the
right, as seen in Figures 22 and 23. The ends of
the wrapper sheet are tucked in about the product
by stationary front tuckers 152 and movable rear
tuckers (not shown). The tucked in ends are there-
after creased by the action of plates 154 and then
the top and bottom end flaps are folded against the
ends of the product as the product continues fo
travel under the urging of the overhead conveying
system 108.

Figures 25 and 26 show various components of
the compression assembly 112 which comprises a
belting arrangement whereby the wrapped product
is advanced by conveyor belts 170 which engage
and compress the folded sides of the wrapped
product to ensure proper setting of the glue.

The apparatus and method of the invention are
susceptible of many additional modifications with-
out departing from the spirit of the invention.

Claims

1. Apparatus for wrapping commodities, par-
ticularly reams of paper shests, characterised by
means (28) for repeatedly severing a running web
(W) of wrapping material at a severing station
(104) to form a succession of cut sheets (8), and
means (30) for supporting successively cut sheets
(S) closely adjacent to the severing station (104)

2. Apparatus according the Claim 1, charac-
terised in that the severing means (28) comprises
rotary cutting means mounted beneath the path of
the running web (W) and a stationary counterknife
{66) mounted above the web (W).

3. Apparatus according to Claim 1 or 2, charac-
terised in that the means (30) for supporting cut
sheets (S) comprises vacuum transfer conveyors
{30) means overlying the cut sheets (S).

4. Apparatus according to one of Claims 1 to 3
for wrapping commodities into cut sheets which are
obtained by severing a web having registration
marks, characterised by means for monitoring the
registration marks on the web (W), movable means
(26) for positioning the web (W) relative to the
severing means (28), means (18, 19) for arresting
the positioning means (26) in response to a signal
from the monitoring means, and means (21) for
reversing the positioning means (26) so as to move
sections of the web (W) backwards when such
sections advance beyond a predetermined position.

5. Apparatus according to Claims 1 to 4
characterised by means (1) for electronically syn-
chronising the operation of the positioning (26),
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severing (28) and supporting (30) means such that
they operate as if they were mechanically coupled
to each other.

6. Apparatus according to Claims 1 to 5,
characterised in that each of the positioning (26)
and supporting (30) means comprises an indepen-
dent servomotor (21, 21’) and driven cam means
arranged to transmit a signal for driving the ser-
vomotor (21, 21’) such that the velocity curve of
the servomotor is determined by the velocity curve
of the cam means (23).

7. Apparatus according to Claims 1 to 6,
characterised in that each of the servomotors (21,
21"} is a DC motor.
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