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Description

This application pertains to apparatus which con-
trollably advances a high pressure water jet across a
rapidly moving sheet of paper to cut a narrow tail
along one side of the paper sheet and then gradually
widens the cut, after the tail has been threaded
through part of a paper making machine, to allow the
full width of the paper sheet to be drawn through that
part of the machine according to the preamble of the
claims, as known from US-A-3625813.

Background of the Invention

At various stages of the operation of a typical pa-
per making machine a rapidly moving, continuous
sheet of paper must be threaded through different
parts of the machine as the paper is made. For exam-
ple, one such stage occurs when the moving, contin-
uous sheet of paper passes at high speed over a plur-
ality of dryer rolls and then through a stack of calen-
der rolls which calender the paper by imparting a fin-
ish of desired smoothness thereto. Since it is difficult
to guide the full width of the moving paper sheet off
the last dryer roll and then feed it through the calen-
der stack, a narrow "tail" is cut to one side of the mov-
ing sheet as it comes off the last dryer roll, the bal-
ance of the moving sheet being allowed to fall into a
broke pit for reprocessing. The tail is more easily fed
through the calender stack and, once threaded, can
be used to draw the full width of the paper sheet
through the calender stack.

Those skilled in the art will readily appreciate that
similar threading operations are encountered at other
stages in the "dry end" operation of a typical paper
making machine. These may for example involve pas-
sage of the moving paper sheet onto reel systems,
slitters, winders, rewinders, or other parts of the pa-
per making machine, as will be familiar to those skil-
led in the art. The present application focuses upon
the calender stack threading operation by way of ex-
ample only. It is to be understood that the invention
hereinafter disclosed may be applied to any tail
threading operation encountered at the dry end of a
paper making machine.

In the prior art, tails have been cut in lightweight
paper by directing a blast of compressed air at the
moving paper sheet. This however produces a torn,
ragged edge which can be difficult to pass through
the infeed nips of the calender roll stack. Paper tails
have been produced in medium or heavier weight pa-
per sheets by hand-tearing, which is a dangerous pro-
cedure that has resulted in serious operator injuries,
and which also tends to produce a torn, ragged or
folded edge.

Mechanical knives have more recently been em-
ployed to cut tails in rapidly moving paper sheets.
However, mechanical knives are quickly dulled and
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lose their ability to cut the paper reliably and cleanly.
This is particularly so if the knife is used to cut tough,
hard stock such as a moving pulp sheet, which can be
about 1/8" thick. If the knife is dull it tends to cut tails
with a ragged edge, which are prone to tearing as
they are manipulated during the calender stack
threading operation.

Dulled knives can also fail to cut reliably on sheet
break detection. Paper making machines employ
sheet break sensors to detect and signal breakage of
the moving paper sheet at points upstream from the
dryer roll/calender stack interface. If the sheet
breaks, then it must be cleanly severed ahead of the
break and diverted into the broke pit to prevent the
broken portion of the sheet from fouling the calender
stack. Once the broken portion of the sheet has
passed into the broke pit, and proper flow of the full
width sheet over the dryer rolls has been reestablish-
ed, a new tail is cut, threaded through the calender
stack, and then used to draw the unbroken sheet
through the calender stack. On sheet break detec-
tion, the tail cutting knife is rapidly drawn across the
full width of the sheet with the object of cleanly sev-
ering the sheet as aforesaid. However, if the knife is
dull, then it may fail to cut the sheet completely, clean-
ly, or at all. If the sheet is not cleanly severed, then
portions of the sheet may overlap as the sheet enters
the calender stack, causing "roll bounce", which may
over time cause "barring", a form of marking of the
calender rolls, which may eventually necessitate ex-
pensive, time-consuming resurfacing of the rolls and
consequential downtime of the paper making equip-
ment.

Mechanical knives have also been known to
break, discharging metal pieces into the paper mak-
ing equipment, which can result in serious damage to
the equipment, again necessitating expensive, time-
consuming repairs and consequential downtime of
the paper making equipment.

The present invention employs a high pressure
water jet to cut a tail in a rapidly moving paper sheet.
The water jet is not dulled by the cutting operation, as
is a mechanical knife.

Water jets have previously been used in paper
cutting applications. For example, United States Pa-
tentNo. 3,625,813 issued 7 December, 1971 for an in-
vention of Eckelman discloses a water jet capable of
cutting paper at the "wet end" of a paper making ma-
chine. The present invention employs a high pressure
water jet capable of cutting paper at the "dry end" of
a paper making machine. A high pressure hose deliv-
ers highly pressurized water to the cutter, which is
slidably advanced or retracted relative to the paper.
Care is taken to avoid subjecting the hose to tension
or compression forces, and to prevent repeated flex-
ing of the hose ends, as the hose is paid out from or
taken up during slidable advance or retraction of the
cutter.
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Summary of the Invention

In accordance with the preferred embodiment,
the invention provides apparatus for controllably ad-
vancing a high pressure water jet across a moving pa-
per sheet to cut a tail therefrom. The apparatus com-
prises a hose for supplying pressurized water to the
jet, drive means for advancing the jet and the hose at
the same rate across the paper sheet, and hose sup-
port means for supporting the hose during the ad-
vancing operation, without applying tension or com-
pression forces to the hose.

The hose support means preferably comprises a
rotatable reel for coilingly receiving the hose. The
drive means preferably comprises a chain coupled
between the jet and the reel, whereby movement of
the jet causes corresponding movement of the chain,
which causes corresponding movement of the reel.
The chain is coupled to the reel by a first sprocket co-
axially aligned with the reel. The first sprockethas the
same pitch diameter as the hose, when the hose lies
coiled around the reel.

Advantageously, the drive means further com-
prises a linear cylinder having a slidably displaceable
piston. The jet and the chain are coupled to the piston
for slidable displacement therewith.

An idler sprocket is advantageously provided.
Preferably, the first sprocket and the reel are dis-
posed at one end of the cylinder, the idler sprocket is
disposed at the opposite end of the cylinder, and the
chain traverses an endless loop from the piston,
around the first sprocket, and around the idler sprock-
et, returning to the piston. The idler sprocket is pre-
ferably mounted for adjustable positioning thereof,
thereby facilitating adjustment of the tension on the
chain.

Hose guiding means are provided for guiding the
hose onto the reel in horizontally spaced coils and for
preventing vertical stacking of the coils. The hose
guiding means may comprise a tapered roller dis-
posed between the reel and the jet, adjacent the reel,
with the lower surface of the tapered roller aligned
slightly below the upper surface of the reel.

The reel is supported on a rotatable axle. Pres-
surized water coupling means are provided for sup-
plying pressurized water through the axle to the hose.
The pressurized water coupling means comprises a
first high pressure conduit having first and second
ends; a channel in the axle for receiving the first con-
duit such that the first conduit first end protrudes
longitudinally from one end of the axle and the first
conduit second end protrudes transversely from the
central region of the axle; rotatable coupling means
for rotatably coupling the first conduit first end to a
source of pressurized water; and, hose coupling
means for coupling the first conduit second end to the
hose. Advantageously, the hose coupling means fur-
ther comprises a second high pressure conduit ex-
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tending from the first conduit second end toward the
circumference of the reel, thereby increasing the ra-
dius through which the hose bends for coupling to the
first conduit second end. This prevents repeated flex-
ing of the hose end at its point of connection to the
source of pressurized water.

A chain position sensing means is provided for
sensing the position of a reference point on the chain
and for producing an output signal representative of
that position. The chain position sensing means may
comprise a third sprocket drivingly engageable by the
chain, and a shaft encoder coupled to the third
sprocket for producing an output signal proportional
to the number of revolutions of the third sprocket. Re-
set means may be provided for resetting the output
signal to a preselected value whenever the reference
point coincides with a normally inactive storage pos-
ition of the jet. The reset means may comprise a prox-
imity switch for detecting movement of the jet into the
storage position and for producing an output signal
representative thereof. The reset means may also in-
terrupt the supply of pressurized water to the jet
whenever the jet is in its storage position.

Power fail detector means may be provided for in-
terrupting the supply of pressurized water to the jet
and for moving the jet into the normally inactive stor-
age position upon reconnection of electrical power to
the apparatus following disconnection of power
therefrom.

A splitter jet may be provided to controllably, in-
termittently direct a high pressure water jet toward the
central region of the paper sheet which falls into the
broke pit.

Brief Description of the Drawings

Figure 1 is a partially fragmented, partially ex-
ploded perspective illustration of a high pressure wa-
ter jet paper tail cutter constructed in accordance with
the preferred embodiment of the invention.

Figure 2 is a perspective illustration of the rear
side of the hose reel portion of the apparatus depict-
ed in Figure 1.

Figure 3 is a cross-sectional illustration taken
with respect to the line 3-3 of Figure 1.

Figure 4 is a partially fragmented, exploded pic-
torial illustration of the fixed, high pressure water
"splitter" jet of the preferred embodiment.

Figure 5 is an exploded pictorial illustration of the
rodless linear air cylinder and movable tail cutter jet
of the preferred embodiment.

Figure 6 is a rear elevation view of the hose reel
portion of the apparatus depicted in Figure 1; most of
the high pressure water supply circuitry having been
omitted from Figure 6.

Figure 7 is a cross-sectional illustration taken
with respect to the line 7-7 of Figure 6.

Figure 8 is a cross-sectional illustration taken
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with respect to the line 8-8 of Figure 6.

Figure 9 is a right end elevation view of the hose
reel depicted in Figure 6.

Figure 10 is a rear elevation view of the portion
of the high pressure water supply manifold circuitry of
the preferred embodiment.

Figure 11 is a cross-sectional illustration taken
with respect to the line 11-11 of Figure 10.

Figure 12 is a partially fragmented rear elevation
view of a portion of the hose reel of the preferred em-
bodiment, showing the coupling of the high pressure
water supply to the hose.

Figure 13 is aright end elevation view of the hose
reel depicted in Figure 12.

Figure 14 is a top plan view of the hose reel axle
of the preferred embodiment.

Figure 15 is a simplified pictorial illustration de-
picting a full width moving paper sheet passing off the
last of a sequence of dryer rolls, over a high pressure
water jet paper tail cutter constructed in accordance
with the preferred embodiment of the invention, and
onto the first of a stack of calender rolls. Figure 15 de-
picts the high pressure water jet paper tail cutter in its
inactive state.

Figure 16 depicts the tail cutter jet being drawn
across the paper sheet to sever the sheet, which then
falls into a broke pit. Figure 16 also shows the splitter
jet splitting the severed sheet as it falls into the broke
pit.

Figure 17 depicts the full width sheet falling into
the broke pit, while being split by the splitter jet.

Figure 18 depicts the tail cutter jet cutting a tail
along one side of the moving paper sheet for thread-
ing through the calender stack.

Figure 19 depicts the tail cutter jet being drawn
across the moving paper sheet, toward the splitter jet,
to widen the segment of the paper sheet which is
drawn through the calender stack by the threaded
tail.

Figure 20 depicts tail cutter jet being drawn
across the moving paper sheet, past the now inoper-
ative splitter jet, to further widen the segment of the
paper sheet which is drawn through the calender
stack.

Figure 21 depicts the high pressure water jet pa-
per tail cutter returned to its inactive state, with the full
width moving paper sheet being drawn into the calen-
der stack and the end of the severed sheet falling into
the broke pit.

Detailed Description of the Preferred Embodiment

Figure 1 depicts a high pressure water jet paper
tail cutter apparatus generally designated 10. Appara-
tus 10 incorporates an elongate air-pressurized hous-
ing 12, which encloses cylinder 14, extended upper
and lower portions of drive chain 16, movable tail cut-
ter jet 18, fixed splitter jet 20, a portion of hose 22 and
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idler sprocket 24. Tail cutter jet 18 and hose 22 are
controllably slidably displaceable along cylinder 14,
as hereinafter explained. During such displacement,
hose 22 is supported by reel 26 in a manner which
avoids the application of tension or compression for-
ces to hose 22 and which prevents repeated flexing
of the hose end at its point of connection to the high
pressure water supply. Shrouds 28, 30 normally cov-
erreel 26, preventing foreign substances from fouling
chain 16, hose 22 or reel 26. Similarly, shroud 32 nor-
mally encloses idler 24 at the opposite end of housing
12. Apparatus 10 is supported at an appropriate
height on stanchions 33 (only one of which is shown).

Cylinder 14 is preferably an ORIGA™ rodless lin-
ear pneumatic cylinder available from Origa Corpora-
tion of ElImhurst, lllinois. Cylinder 14 is sized to extend
longitudinally through housing 12 such that the range
of slidable displacement of slider block 34 coupled to
the slidably displaceable piston (not shown) of cylin-
der 14 exceeds the full width of the paper sheet with
which apparatus 10 is to be utilized. As best seen in
Figures 3 and 5, movable tail cutter jet 18 is directly
coupled to slider block 34 via carriage 36. The high
pressure water delivery end of hose 22 is also cou-
pled to slider block 34 via carriage 36. More particu-
larly, a pair of split blocks 38, 40 clamp the end of
hose 22. Blocks 38, 40 are bolted to the front face of
carriage 36, which is in turned bolted to the underside
of slider block 34. An elbow connector 42 conveys
pressurized water from hose 22 into conduit 44, which
is clamped between split blocks 46 by bolts passed
through blocks 46 into arm 48 which projects forward-
ly from the front face of carriage 36. Conduit 44 con-
veys pressurized water to tail cutter jet 18, which
emits water pressurized to about 1,400 kg/cm? (about
20,000 p.s.i.) through a.0127 cm (.005”) diameter or-
ifice.

Bolts 50, 52 which fasten carriage 36 to the un-
derside of slider block 34 also fasten chain connector
plate 54 to the upper surface of slider block 34. Chain
connector 56 is in turn bolted to chain connector plate
54. The opposed ends of chain 16 are coupled togeth-
er by chain connector 56 to form an endless loop
chain, as hereinafter explained.

Cylinder 14 is supported within housing 12 on
pad 58 and held in place by clamps 60, 62; end brack-
ets 64, 66 and pads 68, 70, 72, 74.

As best seen in Figures 3 and 4, splitter jet 20 is
fixed within housing 12 at about the midpoint thereof.
Rigid high pressure conduit 76 conveys pressurized
water from elbow connector 78 to elbow connector 80,
which in turn supplies jet 20 through conduit 82.
Clamps 84 attach conduit 76 at intervals to mounting
rail 86, which is suspended from the internal, upper
surface of housing 12, as shown in Figure 3. Conduit
82 is held in position by stop bracket 88, which is also
connected to the internal, upper surface of housing
12, as shown in Figure 3.
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Hose 22 is preferably a SPIR-STAR™ super high
pressure hose available from D&G Industries, Inc. of
Holbrook, New York. As best seen in Figures 1, 2, 6,
9 and 12, the portion of hose 22 which does not ex-
tend within housing 12 is coiled upon reel 26 which ro-
tates about axle 90 (Figures 9, 13 and 14). Care must
be taken to avoid subjecting hose 22 to tension or
compression forces, and to prevent repeated flexing
of the hose ends, as hose 22 is paid out from or taken
up on reel 26 during slidable advance or retraction of
tail cutter jet 18 along cylinder 14. The application of
tension or compression forces to hose 22 is avoided,
in the preferred embodiment, by entraining chain 16
around a first sprocket 92 coaxial with axle 90. As
best seen in Figure 9, the pitch diameter of sprocket
92 equals pitch diameter of hose 22 when hose 22 is
coiled upon reel 26. The "drive means" comprising cy-
linder 14, drive chain 16 and sprocket 92 thus advanc-
es or retracts hose 22 at the same rate as tail cutter
jet 18.

It is also important to ensure that hose 22 is guid-
ed onto reel 26 in horizontally spaced coils in a man-
ner which prevents vertical stacking of the coils. If the
hose coils became vertically stacked one above the
other, then hose 22 would no longer have the same
pitch diameter as sprocket 92. This would in turn allow
hose 22 to be paid out from or taken up on reel 26 at
a speed which differed from the speed at which tail
cutter jet 18 was advanced or retracted along cylinder
14, subjecting hose 22 to potentially damaging ten-
sion or compression forces. Accordingly, "hose guid-
ing means"; namely, tapered roller 94 are provided for
guiding hose 22 onto reel 26 in controlled fashion. As
may be seen in Figures 6 and 7, tapered roller 94 is
disposed between reel 26 and jet 18, adjacentreel 26,
with lower surface 96 of roller 94 aligned slightly be-
low the upper surface of reel 26. As reel 26 rotates
clockwise (as viewed in Figure 6) roller 94 guides
hose 22 onto reel 26 in a single layer of horizontally
spaced coils as shown in Figure 7, while preventing
vertical stacking of the coils. Sprocket 98 (Figures 1,
6 and 9) elevates chain 16 so that it clears roller 94.

Shaft encoder 100 (Figures 2, 6 and 8) serves as
a "chain position sensing means" for sensing the pos-
ition of a reference point on chain 16 (i.e. the position
of the mid point of chain connector 56, which is in turn
representative of the position of the high pressure wa-
ter jet orifice of tail cutter jet 18) and for producing an
output signal representative of that position. Sprocket
102 is drivingly engaged by the lower section of chain
16 as it emerges from elongate housing 12 to engage
sprocket 92. Shaft encoder 100 is drivingly coupled to
sprocket 102 and produces an output signal propor-
tional to the number of revolutions of sprocket 102.

A '"reset means" such as magnetic proximity
switch (not shown) may be provided for resetting the
output signal produced by encoder 100 to a preselect-
ed value (i.e. zero) whenever the proximity switch de-
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tects movement of the reference point aforesaid to co-
incide with a normally inactive storage position of tail
cutter jet 18. This eliminates slight errors in the posi-
tion signal output by encoder 100 which could other-
wise accumulate over time to produce an erroneous
indication of the position of jet 18. Actuation of the re-
set means by movement of jet 18 to its storage posi-
tion also preferably interrupts the supply of pressu-
rized water to jet 18. An electronic power fail detector
means may also be provided to interrupt the supply
of pressurized water to jet 18 and to actuate appara-
tus 10 to move jet 18 into its normally inactive storage
position whenever electrical power is reconnected to
apparatus 10 following disconnection of electrical
power therefrom. This ensures that jet 18 is not acti-
vated in circumstances in which the position of jet 18,
or the operational state of other components incorpo-
rated in apparatus 10, may be unknown.

Chain 16 traverses an endless loop. More partic-
ularly, one end of chain 16 is coupled to chain connec-
tor 56 as aforesaid. Chain 16 passes from connector
56 around idler sprocket 24 and then returns under-
neath connector 56 to pass over sprocket 102, and
thence over sprockets 92 and 98, from which it re-
turns to couple, at its opposite end, to connector 56.
Idler sprocket 24 is mounted at the end of housing 12
in such a manner it may be adjustably slidably dis-
placed in order to regulate the tension on drive chain
16. This location of the chain tensioning mechanism
facilitates concurrent adjustment of the upper and
lower lengths of chain which pass through housing
12.

Pressurized water is supplied to hose 22 by a wa-
terjet intensifier (not shown) such as the STREAM-
LINE™ model 25S, 40S or 50S intensifiers available
from Ingersoll-Rand of Baxter Springs, Kansas.
These devices are capable of supplying water pres-
surized to between about 850 kg/cm2 and 3,800
kg/cm?2 (about 12,000 - 55,000 p.s.i.). A water pres-
sure of about 1,400 kg/cm?2 (about 20,000 p.s.i.) has
been found suitable for operation of apparatus 10.
Pressurized water supplied by the waterjet intensifier
enters via conduit 104 (Figures 2 and 10) and passes
through stem valve 106, conduit 108, elbow 110, con-
duit 112, and filter 114 to cross connector 116. Cross
connector 116 diverts a portion of the pressurized wa-
ter flow through conduit 118 and control valve 120 into
conduit 122 which is coupled to rigid high pressure
conduit 76 and thence to splitter jet 20. Cross connec-
tor 116 diverts the other portion of the pressurized
water flow through conduit 124, control valve 126,
conduit 128, and swivel connector 130 to coupler 132
(Figure 11) for delivery to hose 22.

A "pressurized water coupling means"; namely,
first high pressure conduit 134 (Figure 13) delivers
the pressurized water from coupler 132 through hose
reel axle 90 to hose 22, as will now be described with
reference to Figures 12, 13 and 14. First high pres-
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sure conduit 134 has afirst end 136 and a second end
138. Achannel is cut in axle 90 to receive conduit 134
such that conduit first end 136 protrudes longitudin-
ally from one end of axle 90 and conduit second end
138 protrudes transversely from the central region of
axle 90. Swivel connector 130 (Figures 9, 10 and 11)
serves as a "rotatable coupling means" for rotatably
coupling conduit first end 136 to the source of pres-
surized water while accommodating rotational move-
ment of reel 26, axle 90 and first high pressure conduit
134.

A "hose coupling means"; namely, second high
pressure conduit 140 couples first conduit second
end 138 to hose 22 through elbow 142. As may be
seen in Figures 12 and 13, second high pressure con-
duit 140 extends from first conduit second end 138 to-
ward the circumference of reel 26, thereby increasing
the radius through which hose 22 bends for coupling
to first conduit second end 138. This is important to
avoid imposing undesirable stresses on the end of
hose 22 by repeatedly flexing the hose end through
a small radius. Hose 22 is clamped to one internal
side of reel 26 by clamp 144 and passes through reel
aperture 146 onto the circumferential hose winding
surface 148 of reel 26.

The operation of the preferred embodiment will
now be described with reference to Figures 15
through 21. Figure 15 is a simplified pictorial illustra-
tion depicting a full width moving paper sheet 200
passing off the last roller 202 of a sequence of dryer
rolls, over apparatus 10, and onto the first roll 204 of
a stack of calender rolls. Figure 15 depicts apparatus
10 in its inactive state in which no pressurized water
flows to tail cutter jet 18 or to splitter jet 20, and in
which tail cutter jet 18 remains stationary in its nor-
mally inactive storage position off to one side of paper
sheet 200.

Figure 16 depicts tail cutter jet 18 being drawn
across paper sheet 200, while emitting a high pres-
sure water jet stream, thereby severing sheet 200
along an angular line 206 determined by the relative
speeds of tail cutter jet 18 and paper sheet 200. The
severed end 208 of sheet 200 falls into a broke pit,
carrying the balance of sheet 200 with it. It will be not-
ed that jet 18 may be actuated to emit a high pressure
water jet stream even before jet 18 is drawn across
sheet 200. This is to be contrasted with prior art
mechanical cutters, which cannot be advanced from
a point off to one side of the moving paper sheet into
the edge of the sheet without breaking the sheet. Pri-
or art mechanical cutters must be plunged into a cen-
tral portion of the moving paper sheet and then drawn
to each edge of the sheet to sever it. However, jet 18
severs sheet 200 by traversing a single pass from one
side of the sheet to the other. Figure 16 also depicts
actuation of splitter jet 20 which splits severed sheet
208, as shown at 210, by directing a high pressure wa-
ter jet stream at severed sheet 208 as it falls into the
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broke pit. This breaks up the severed sheet, making
it somewhat easier to reprocess.

In Figure 17, tail cutter jet 18 has completely sev-
ered sheet 200 and is positioned at rest (i.e. the sup-
ply of pressurized water to jet 18 has been turned off)
to the opposite side of the paper sheet. The full width
of sheet 200 falls into the broke pit, while being split
by the splitter jet 20 for reprocessing.

Figure 18 depicts tail cutter jet 18 positioned in-
wardly about 10 - 15 cm (about 4" - 6") from the edge
of paper sheet 200 and actuated to cut a tail 212 along
one side of the moving paper sheet for threading
through the calender stack. The balance of sheet 200
continues to fall into the broke pit, while being split by
splitter jet 20.

Figure 19 depicts the widening of tail 212, after
successful threading of the initial narrow tail through
the calender stack. This is accomplished by continu-
ing the emission of a high pressure water jet stream
from tail cutter jet 18, while drawing tail cutter jet 18
across moving paper sheet 200, toward splitter jet 20,
to widen the segment of the paper sheet drawn
through the calender stack by the previously thread-
ed portion of tail 212. As depicted in Figure 19, splitter
jet 20 is deactivated just before tail cutter jet 18 pass-
es beneath splitter jet 20.

Figure 20 depicts the continued drawing of tail
cutter jet 18 across moving paper sheet 200, past now
inoperative splitter jet 20, to further widen the seg-
ment 212 of paper sheet 200 which is drawn through
the calender stack.

Figure 21 depicts apparatus 10 returned to its in-
active state, with the full width moving paper sheet
200 being drawn into the calender stack and the end
of severed sheet 208 falling into the broke pit. Tail cut-
ter jet 18 has returned to its normally inactive storage
position and its source of pressurized water has been
turned off.

As will be apparent to those skilled in the art in
the light of the foregoing disclosure, the following al-
terations and modifications are possible in the prac-
tice of this invention. For example, the various
sprockets could be replaced with rollers or sheaves.
Drive chain 16 could be replaced with a cable wound
around a drum to yield the same pitch diameter as
hose 22 coiled upon reel 26. Either or both of sprock-
ets 24, 92 could be replaced by controllable drive
mechanisms, which would obviate the need for cylin-
der 14 while still facilitating travel of hose 22 at the
same rate as tail cutter jet 18, without subjecting hose
22 to tension or compression forces, or to repeated
flexing of the hose ends.

Claims

1. Apparatus (10) for controllably advancing across
a moving paper sheet (200) a high pressure water
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jet (18) and a hose (22) which supplies pressu-
rized water to the jet (18), thereby to cut a tail
(212) from said paper sheet (200), said apparatus
(10) having drive means (14, 16, 92) for advanc-
ing and retracting said jet (18) and said hose (22)
at the same rate across said paper sheet (200)
and hose support means comprising a rotatable
reel (26) for coilingly receiving and supporting
said hose (22) during said advancing and retract-
ing operations, characterized in that said drive
means comprises a chain (16) or a cable coupled
between said jet (18) and said reel (26), whereby
movement of said jet (18) causes corresponding
movement of said chain (16) or cable, which
causes corresponding movement of said reel
(26), whereby said hose (22) is advanced and re-
tracted such that said chain (16) or cable and said
reel (26) bear the forces of tension or compres-
sion associated with such advancing and retract-
ing operations, thereby relieving said hose (22) of
such forces.

Apparatus as defined in claim 1, wherein:

(a) said chain (16) is coupled to said reel (26)
by a first sprocket (92) coaxially aligned with
said reel (26); and,

(b) said first sprocket (92) has the same pitch
diameter as said hose (22), when said hose
(22) lies fully retracted and coiled around said
reel (26).

Apparatus as defined in claim 1, wherein said
cable is coupled to said reel (26) by winding said
cable around a drum connected to said reel (26)
to give said wound cable an effective pitch diam-
eter equal to the pitch diameter of said hose (22),
when said hose (22) lies fully retracted and coiled
around said reel (26).

Apparatus as defined in claim 2 or 3, wherein:
(a) said drive means further comprises a lin-
ear cylinder (14) having a slidably displace-
able piston; and,

(b) said jet (18) and said chain (16) or cable
are coupled to said piston for slidable dis-
placement therewith.

Apparatus as defined in claim 4, further compris-

ing an idler sprocket (24) or roller, and wherein:
(a) said first sprocket (92) and said reel (26)
are disposed at one end of said cylinder (14);
(b) said idler sprocket (24) or roller is disposed
at the opposite end of said cylinder (14); and,
(c) said chain (16) or cable traverses an end-
less loop from said piston, around said first
sprocket (92), and around said idler sprocket
(24) or roller, to said piston.
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Apparatus as defined in claim 5, wherein said id-
ler sprocket (24) or roller is mounted for adjust-
able positioning thereof, thereby facilitating ad-
justment of said chain (16) or cable tension.

Apparatus as defined in claim 1, further compris-
ing hose guiding means (94) for guiding said hose
(22) onto said reel (26) in horizontally spaced
coils and for preventing vertical stacking of said
coils.

Apparatus as defined in claim 1, further compris-
ing hose guiding means for guiding said hose (22)
onto said reel (26) in horizontally spaced coils and
for preventing vertical stacking of said coils, said
hose guiding means comprising a tapered roller
(94) disposed between said reel (26) and said jet
(18), adjacent said reel (26), with the lower sur-
face (96) of said tapered roller (94) aligned slight-
ly below the upper surface of said reel (26).

Apparatus as defined in claim 1, wherein said reel
(26) is supported on arotatable axle (90), said ap-
paratus further comprising pressurized water
coupling means (134) for supplying said pressu-
rized water through said axle (90) to said hose
(22).

Apparatus as defined in claim 1, wherein said reel
(26) is supported on arotatable axle (90), said ap-
paratus further comprising:
(a) a first high pressure conduit (134) having
first and second ends (136, 138);
(b) an channel in said axle (90) for receiving
said first conduit (134) such that said first con-
duit first end (136) protrudes longitudinally
from one end of said axle (90) and said first
conduit second end (138) protrudes trans-
versely from the cenfral region of said axle
(90);
(c) rotatable coupling means (130) for rotat-
ably coupling said first conduit first end (136)
to a source of pressurized water; and,
(d) hose coupling means (140) for coupling
said first conduit second end (138) to said
hose (22).

Apparatus as defined in claim 10, wherein said
hose coupling means further comprises a second
high pressure conduit (140) extending from said
first conduit second end (138) toward the circum-
ference of said reel (26), thereby increasing the
radius through which said hose (22) bends for
coupling to said first conduit second end (138).

Apparatus as defined in claim 1, further compris-
ing chain or cable position sensing means (100)
for sensing the position of a reference point on
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said chain (16) or cable and for producing an out-
put signal representative of said position.

Apparatus as defined in claim 12, wherein said
chain or cable position sensing means compris-
es:
(a) a third sprocket (102) or a sheave drivingly
engageable by said chain (16); and,
(b) a shaft encoder (100) coupled to said third
sprocket (102) or sheave for producing an out-
put signal proportional to the number of revo-
lutions of said third sprocket (102) or sheave.

Apparatus as defined in claim 12, further com-
prising reset means for resetting said output sig-
nal to a pre-selected value whenever said refer-
ence point coincides with a normally inactive
storage position of said jet (18).

Apparatus as defined in claim 14, wherein said
reset means comprises a proximity switch for de-
tecting movement of said jet (18) into said storage
position and for producing a reset signal repre-
sentative thereof.

Apparatus as defined in claim 12, further com-
prising reset means for interrupting the supply of
pressurized water to said jet (18) whenever said
reference point coincides with a normally inactive
storage position of said jet (18).

Apparatus as defined in claim 16, wherein said
reset means comprises a proximity switch for de-
tecting movement of said jet (18) into said storage
position and for producing an output signal repre-
sentative thereof.

Apparatus as defined in claim 1, further compris-
ing power fail detector means for interrupting the
supply of pressurized water to said jet (18) and for
moving said jet (18) into a normally inactive stor-
age position upon reconnection of electrical pow-
er to said apparatus following disconnection of
power therefrom.

Apparatus as defined in claim 1, further compris-
ing a splitter jet (20) fixed for controllable, inter-
mittent direction of a high pressure water jet to-
ward the central region of said paper sheet (208).

Patentanspriiche

1.

Vorrichtung (10) zum gesteuerten Vorwartsbe-
wegen einer Hochdruckwasserdiise (18) iiber ei-
nen sich bewegenden Papierbogen (200) und ei-
nes Schlauches (22), welcher unter Druck ste-
hendes Wasser an die Diise (18) liefert, um da-
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durch einen Streifen (212) von dem Papierbogen
(200) zu schneiden, wobei die Vorrichtung (10)
Antriebsmittel (14, 16, 92) zum Vorwaértsbewe-
gen und Zuriickziehen der Diise (18) und des
Schlauches (22) mit derselben Geschwindigkeit
tiber den Papierbogen (200) und Schlauch-
Stiitzmittel mit einer drehbaren Rolle (26) zum
aufgespulten Aufnehmen und Stiitzen des
Schlauches (22) wéhrend der Vorschiebe- und
Riickziehoperationen aufweist, dadurch gekenn-
zeichnet, dall die Antriebsmittel eine zwischen
der Diise (18) und der Rolle (26) gekoppelte Kette
(16) oder ein Kabel aufweist, wodurch die Bewe-
gung der Diise (18) eine entsprechende Bewe-
gung der Kette (16) oder des Kabels bewirkt, was
eine entsprechende Bewegung der Rolle (26) be-
wirkt, wodurch der Schlauch (22) so vorwértsbe-
wegt und zuriickgezogen wird, daR die Kette (16)
oder das Kabel und die Rolle (26) die Zug- oder
Druckkrafte, die mit solchen Vorwarts- oder
Riickwértsbewegungen verbunden sind, aufneh-
men und dadurch den Schlauch (22) von diesen
Kréften entlasten.

Vorrichtung nach Anspruch 1, wobei:

(a) die Kette (16) mit der Rolle (26) durch ein
erstes Zahnrad (92), das koaxial mit der Rolle
(26) ausgerichtet ist, verbunden ist; und

(b) das erste Zahnrad (92) denselben Roll-
durchmesser wie der Schlauch (22) hat, wenn
der Schlauch (22) vollstandig zuriickgezogen
und um die Rolle (26) gewickelt ist.

Vorrichtung nach Anspruch 1, bei der das Kabel
mit der Rolle (26) verbunden ist, indem das Kabel
tiber eine mit der Rolle (26) verbundenen Trom-
mel gewickelt wird, damit das aufgewickelte Ka-
bel einen effektiven Rolldurchmesser erhalt, der
gleich dem Rolldurchmesser des Schlauches
(22) ist, wenn der Schlauch (22) vollsténdig zu-
riickgezogen und um die Rolle (26) gewunden ist.

Vorrichtung nach Anspruch 2 oder 3, wobei:
(a) die Antriebsmittel weiterhin einen linearen
Zylinder (14) mit einem gleitbar verschiebba-
ren Kolben aufweisen; und
(b) die Diise (18) und die Kette (16) oder das
Kabel mit dem Kolben fiir eine gleitfihige Ver-
schiebung mit diesem verbunden sind.

Vorrichtung nach Anspruch 4, die weiterhin ein
Fihrungszahnrad (24) oder eine Rolle aufweist
und wobei:
(a) das erste Zahnrad (92) und die Rolle (26)
an einem Ende des Zylinders (14) angeordnet
sind;
(b) das Fiihrungszahnrad (24) oder die Rolle
am gegeniiberliegenden Ende des Zylinders
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(14) angeordnet ist; und

(c) die Kette (16) oder das Kabel eine endlose
sich von dem Kolben um das erste Zahnrad
(92) herum, um ein Fihrungszahnrad (24)
oder Rolle herum und zu dem Kolben er-
streckende Schleife durchlauft.

Vorrichtung nach Anspruch 5, wobei das Fiih-
rungszahnrad (24) oder die Rolle so angeordnet
ist, daR seine/ihre Position eingestellt werden
kann, wodurch eine Einstellung der Ketten (16)-
oder Kabelspannung erleichtert wird.

Vorrichtung nach Anspruch 1, die weiterhin
Schlauchfiihrungsmittel (94) zum Fihren des
Schlauches (22) auf die Rolle (26) in horizontal
beabstandeten Windungen und zum Verhindern
eines vertikalen Stapelns der Windungen auf-
weist.

Vorrichtung nach Anspruch 1, die weiterhin
Schlauchfiihrungsmittel zum Fiihren des Schlau-
ches (22) auf die Rolle (26) in horizontal
beabstandeten Windungen und zum Verhindern
eines vertikalen Stapelns der Windungen auf-
weist, wobei die Schlauchfiihrungsmittel eine
sich verjingende Rolle (94) aufweisen, die zwi-
schen der Rolle (26) und der Diise (18) nahe der
Rolle (26) vorgesehen ist, wobei die untere Ober-
flache (96) der sich verjiingenden Rolle (94)
leicht unterhalb der oberen Oberflache der Rolle
(26) ausgerichtet ist.

Vorrichtung nach Anspruch 1, wobei die Rolle
(26) auf einer drehbaren Achse (90) gestiitzt ist,
und die Vorrichtung weiterhin Druckwasser-
Kupplungsmittel (134) zum Liefern des unter
Druck stehenden Wassers durch die Achse (90)
an den Schlauch (22) aufweist.

Vorrichtung nach Anspruch 1, wobei die Rolle
(26) auf einer drehbaren Achse (90) gestiitzt ist
und die Vorrichtung weiterhin aufweist:
(a) eine erste Hochdruckleitung (134) mit ei-
nem ersten und einem zweiten Ende (136,
138);
(b) einen Kanal in der Achse (90) zum Aufneh-
men der ersten Leitung (134), so daB das er-
ste Ende (136) der ersten Leitung in Langs-
richtung von einem Ende der Achse (90) vor-
steht und das zweite Ende (138) der ersten
Leitung in Querrichtung von dem Mittelbe-
reich der Achse (90) vorsteht;
(c) drehbare Kupplungsmittel (130) zum dreh-
baren Verbinden des ersten Endes (136) der
ersten Leitung mit einer Quelle von unter
Druck stehendem Wasser; und
(d) Schlauch-Kupplungsmittel (140) zum Ver-
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binden des zweiten Endes (138) der ersten
Leitung mit dem Schlauch (22).

Vorrichtung nach Anspruch 10, bei der die
Schlauch-Kupplungsmittel weiterhin eine zweite
Hochdruck-Leitung (140) aufweisen, die sich von
dem zweiten Ende (138) der ersten Leitung in
Richtung auf den Umfang der Rolle (26) erstreckt
und dadurch den Radius vergréert, um welchen
sich der Schlauch (22) fiir eine Verbindung mit
dem zweiten Ende (138) der ersten Leitung biegt.

Vorrichtung nach Anspruch 1, die weiterhin ein
Ketten- oder Kabel-Positionssensormittel (100)
zum Erfassen der Position eines Referenzpunk-
tes auf der Kette (16) oder dem Kabel und zum
Erzeugen eines diese Position darstellenden
Ausgangssignals aufweist.

Vorrichtung nach Anspruch 12, dadurch gekenn-
zeichnet, dal} das Ketten- oder Kabel-Positions-
sensormittel aufweist:
(a) ein drittes Zahnrad (102) oder eine An-
triebsscheibe, welche(s) in die die Kette (16)
antreibend eingreifen kann; und
(b) ein Wellencodierer (100), der mit dem drit-
ten Zahnrad (102) oder der Antriebsscheibe
verbunden ist, um ein zu der Anzahl an Um-
drehungen des dritten Zahnrads (102) oder
Antriebsscheibe proportionales Ausgangssi-
gnal zu erzeugen.

Vorrichtung nach Anspruch 12, die weiterhin ein
Riickstellmittel aufweist, das immer, wenn der
Referenzpunkt mit einer normalerweise inaktiven
Speicherposition der Dise (18) libereinstimmt,
das Ausgangssignal auf einen vorbestimmten
Wert zurickstellt.

Vorrichtung nach Anspruch 14, dadurch gekenn-
zeichnet, dall das Riickstellmittel einen N&he-
rungsschalter zum Detektieren einer Bewegung
der Dise (18) in die Speicherposition und zum
Erzeugen eines dies darstellenden Riickstellsi-
gnals aufweist.

Vorrichtung nach Anspruch 12, die weiterhin ein
Riickstellmittel aufweist, das immer, wenn der
Referenzpunkt mit einer normalerweise inaktiven
Speicherposition der Dise (18) libereinstimmt,
die Zufuhr von unter Druck stehendem Wasser
an die Diise (18) unterbricht.

Vorrichtung nach Anspruch 16, dadurch gekenn-
zeichnet, dall das Riickstellmittel einen N&he-
rungsschalter zum Feststellen einer Bewegung
der Dise (18) in die Speicherposition und zum
Erzeugen eines dies darstellenden Ausgangssi-
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gnals aufweist.

Vorrichtung nach Anspruch 1, die weiterhin eine
Stromausfall-Detektoreinrichtung aufweist, um
die Zufiihrung von Druckwasser an die Diise (18)
zu unterbrechen und um die Dise (18) in eine
normalerweise inaktive Speicherposition zu be-
wegen, wenn die Zufuhr von elektrischem Strom
zu der Vorrichtung nach einer Stromunterbre-
chung wiederhergestellt ist.

Vorrichtung nach Anspruch 1, die weiterhin eine
Spaltdiise (20) aufweist, die fiir ein steuerbares
diskontinuierliches Richten eines Hochdruck-
wasserstrahls in Richtung auf den Mittelbereich
des Papierbogens (208) fixiert ist.

Revendications

Dispositif (10) pour faire avancer de fagon
commandée transversalement a une feuille de
papier (200) en déplacement un ajutage d’eau
sous pression (18) et un tuyau flexible (22) qui
fournit de I'eau sous pression a I'ajutage (18),
afin de couper par cela une queue (212) de la
feuille de papier (200), le dispositif (10) compor-
tant des moyens de commande (14, 16, 92), pour
faire avancer et reculer I'ajutage (18) et le tuyau
flexible (22) a la méme vitesse transversalement
a la feuille de papier (200), et des moyens por-
teurs de tuyau flexible qui comprennent un dévi-
doir (26) qui peut tourner et qui est destiné a re-
cevoir et a supporter de fagon bobinée le tuyau
flexible (22) pendant les opérations d’avance et
de recul susdites, caractérisé en ce que les
moyens de commande comprennent une chaine
(16) ou un cable couplé entre I'ajutage (18) et le
dévidoir (26), un mouvement de I'ajutage (18)
provoquant par cela un mouvement correspon-
dant de la chaine (16) ou du cable qui provoque
un mouvement correspondant du dévidoir (26),
I'ajutage (22) étant avancé ou reculé par cela de
fagon que la chaine (16) ou le cable et le dévidoir
(26) supportent les forces de tension ou de
compression adjointes a ces opérations d’avance
et de recul, en soulageant par cela I'ajutage (22)
de ces forces.

Dispositif suivant la revendication 1, caractérisé
en ce que :
(a) la chaine (16) est couplée au dévidoir (26)
par une premiére roue a chaine (92) alignée
coaxialement avec le dévidoir (26), et
(b) la premiére roue a chaine (92) présente le
méme diameétre primitif que le tuyau flexible
(22) lorsque le tuyau flexible est compléte-
ment reculé et bobiné autour du dévidoir (26).
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Dispositif suivant la revendication 1, caractérisé
en ce que le cable est couplé au dévidoir (26) en
enroulant le cable autour d’'un tambour connecté
au dévidoir (26) afin de donner au cable enroulé
un diamétre primitif effectif égal au diamétre pri-
mitif du tuyau flexible (22) lorsque le tuyau flexi-
ble (22) est complétement reculé et bobiné autour
du dévidoir (26).

Dispositif suivant I'une ou 'autre des revendica-
tions 2 et 3, caractérisé en ce que :
(a) les moyens de commande comprennent
en outre un cylindre linéaire (14) comportant
un piston qui peut étre déplacé de fagon cou-
lissante, et
(b) l'ajutage (18) et la chaine (16) ou le cable
sont couplés au piston pour un déplacement
coulissant par cela.

5. Dispositif suivant la revendication 4, comprenant

en outre une roue a chaine folle (24) ou un galet
fou, caractérisé en ce que :
(a) la premiére roue a chaine (92) et le dévi-
doir (26) sont agencés a une extrémité du vé-
rin (14),
(b) la roue a chaine folle (24) ou le galet fou
est agencé a I'extrémité opposée du vérin
(14), et
(c) la chaine (16) ou le cable parcourt une
boucle sans fin a partir du piston, autour de la
premiére roue a chaine (92) et autour de la
roue a chaine folle (24) ou du galet fou, jus-
qu’audit piston.

6. Dispositif suivant la revendication 5, caractérisé

en ce que la roue a chaine folle (24) ou le galet
fou est monté en vue de son positionnement ré-
glable, en facilitant par cela un réglage de la ten-
sion de la chaine (16) ou du cable.

Dispositif suivant la revendication 1, caractérisé
en ce qu’il comprend en outre des moyens de gui-
dage (94) du tuyau flexible afin de guider le tuyau
flexible (22) sur le dévidoir (26) en des bobinages
écartés horizontalement et pour empécher un
empilage vertical desdits bobinages.

Dispositif suivant la revendication 1, caractérisé
en ce qu’il comporte en outre des moyens de gui-
dage du tuyau flexible afin de guider le tuyau
flexible (22) sur le dévidoir (26) en des bobinages
écartés horizontalement et pour empécher un
empilage vertical desdits bobinages, les moyens
de guidage du tuyau flexible comprenant un galet
tronconique (94) agencé entre le dévidoir (26) et
I'ajutage (18), a proximité du dévidoir (26), la sur-
face inférieure (96) du galet tronconique (94)
étant alignée légérement en dessous de la surfa-



10.

1.

12.

13.

19 EP 0 490 906 B1

ce supérieure du dévidoir (26).

Dispositif suivant la revendication 1, caractérisé
en ce que le dévidoir (26) est supporté par un axe
(90) qui peut tourner, le dispositif comprenant en
outre des moyens de couplage (134) a de I'eau
sous pression afin de fournir de I'eau sous pres-
sion au tuyau flexible (22) a travers I'axe (90).

Dispositif suivant la revendication 1, caractérisé
en ce que le dévidoir (26) est supporté par un axe
(90) qui peut tourner, le dispositif comprenant en
outre :
(a) une premiére conduite & haute pression
(134) qui présente des premiére et seconde
extrémités (136, 138),
(b) un canal dans I'axe (90) afin de recevoir la
premiére conduite (134) de fagon que la pre-
miére extrémité (136) de la premiére conduite
fasse saillie longitudinalement a partir d’'une
extrémité de I'axe (90) et que la seconde ex-
trémité (138) de la premiére conduite fasse
saillie transversalement a partir de la région
centrale de I'axe (90),
(c) des moyens de couplage (130) qui peuvent
tourner, pour un couplage tournant de la pre-
miére extrémité (136) de la premiére conduite
a une source d’eau sous pression, et
(d) des moyens de couplage (140) du tuyau
flexible afin de coupler la seconde extrémité
(138) de la premiére conduite au tuyau flexi-
ble (22).

Dispositif suivant la revendication 10, caractérisé
en ce que les moyens de couplage du tuyau flexi-
ble comprennent en outre une seconde conduite
a haute pression (140) qui s’étend depuis la se-
conde extrémité (138) de la premiére conduite en
direction de la circonférence du dévidoir (26), en
augmentant par cela le rayon par lequel le tuyau
flexible (22) est courbé pour un couplage a la se-
conde extrémité (138) de la premiére conduite.

Dispositif suivant la revendication 1, caractérisé
en ce qu’il comprend en outre des moyens de dé-
tection de position (100) de chaine ou de céble
pour détecter la position d’'un point de référence
de la chaine (16) ou du cable et pour produire un
signal de sortie qui représente ladite position.

Dispositif suivant la revendication 12, caractérisé
en ce que les moyens de détection de position de
la chaine ou du cable comprennent :
(a) une troisiéme roue a chaine (102) ou une
roue a gorge qui peut étre mise en prise, de fa-
¢on commandée, avec la chaine (16), et
(b) un codeur d’arbre (100) couplé a la troisié-
me roue a chaine (102) ou a la roue a gorge
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afin de produire un signal de sortie propor-
tionnel au nombre de tours de la troisiéme
roue a chaine (102) ou roue a gorge.

Dispositif suivant la revendication 12, caractérisé
en ce qu’il comprend en outre des moyens de re-
mise a |'état initial afin de remettre & I'état initial
le signal de sortie susdit, & une valeur présélec-
tionnée, chaque fois que le point de référence
précité coincide avec une position de stockage
usuellement inactive de I'ajutage (18).

Dispositif suivant la revendication 14, caractérisé
en ce que les moyens de remise a I'état initial
comprennent un commutateur de proximité afin
de détecter un mouvement de I'ajutage (18) dans
la position de stockage et afin de produire un si-
gnal de remise a I'état initial qui représente cela.

Dispositif suivant la revendication 12, caractérisé
en ce qu’il comporte en outre des moyens de re-
mise a I'état initial pour interrompre I'alimentation
en eau sous pression de 'ajutage (18) chaque
fois que le point de référence coincide avec une
position de stockage usuellement inactive de
I'ajutage (18).

Dispositif suivant la revendication 16, caractérisé
en ce que les moyens de remise a I'état initial
comprennent un commutateur de proximité afin
de détecter un mouvement de I'ajutage (18) dans
ladite position de stockage et afin de produire un
signal de sortie qui représente cela.

Dispositif suivant la revendication 1, caractérisé
en ce qu’'il comprend en outre des moyens de dé-
tection d’un défaut d’alimentation afin d’interrom-
pre I'alimentation en eau sous pression de I'aju-
tage (18) et afin de déplacer I'ajutage (18) dans
une position de stockage usuellement inactive
lors d’un nouveau branchement de I'alimentation
électrique au dispositif a la suite d’'un débranche-
ment de 'alimentation.

Dispositif suivant la revendication 1, caractérisé
en ce qu'il comporte en outre un ajutage de fen-
dage (20) fixé pour une orientation contrélable,
intermittente, d’un jet d’eau a haute pression vers
la région centrale de la feuille de papier (208).
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