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(57) ABSTRACT 

Atape Wrapping machine is provided for Wrapping a moving 
length of tape onto a moving length of hose that is moving 
relative to the machine and the length of tape With controlled 
tape tension, and lay angle during Wrapping. An adjustable 
guide arm supporting a moving length of tape is mounted on 
a rotating shuttle plate, and is adapted to pivot toWard and 
aWay from a length of hose betWeen a ?rst position and at 
least one second position so as to provide a plurality of 
angular relationships betWeen the guide arm and the moving 
length of hose. A?rst tension transducer is arranged so as to 
support the length of tape and a second, reference transducer 
is positioned in spaced diametric relation to the ?rst trans 
ducer. A reference signal from the second transducer is 
subtracted from a signal from the ?rst representing the 
centrifugal force plus the tape tension applied to the ?rst 
transducer. The result of this subtraction yields a signal that 
represents the tension in the tape. This signal is communi 
cated to a computing and control device Where the speed of 
the tension controlling motor is dynamically altered to 
maintain a speci?ed tension. 
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FIG. 1 
(PRIOR ART) 
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FIG. 6 
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TAPE WRAPPING MACHINE WITH 
CONTROLLABLE TENSIONING 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to Winding 
machines, and more particularly to Winding machines used 
in the fabrication of reinforced ?exible hoses and the like. 

BACKGROUND OF THE INVENTION 

[0002] Flexible hoses having core tubes made of elasto 
meric or ?exible plastic materials require reinforcement by 
one or more layers of Wire, nylon, ?berglass or the like When 
the hoses are to be used for conveying ?uids under high 
pressure. Each layer may comprise one or more sets of 
helically Wound strands that may be either interWoven to 
form a braid or knit. In some cases, a second set of strands 
is Wound over a ?rst set to form What is sometimes referred 
to as a spiral Wrap. In hydraulic service the pressure Within 
the hose may be over 1000 psi. For example, in small 
diameter hoses having about a 0.250 inch inner diameter, 
one layer of reinforcement may be sufficient to give the hose 
a burst strength of more than 10,000 psi, depending upon the 
particular reinforcement material used and the amount of 
coverage provided by the reinforcement for the core tube. 
The strands may be of multiple ?lament or mono ?lament 
form. 

[0003] Referring to FIG. 1, in a typical manufacturing 
process for a ?exible reinforced tubular conduit 5, a ?exible 
polymeric or fabric tape 6 is spirally Wrapped completely 
about a reinforcement layer 7, e.g., a Weave or braid of 
reinforcing ?laments that have been previously Wound onto 
an elastomeric length of hose 8. Tape 6 comprises an overlap 
seam that extends helically along length of hose 8. Tape 6 
also preferably has a thickness of from about 1 to about 10 
mils, but can often be as little as about 1 to 2 mils. The Width 
of tape 6 depends upon the outer diameter of inner rein 
forcement layer 7 Which, in turn is determined largely by the 
bore diameter of length of hose 8. Once Wrapped, the 
assembly is processed, e.g., by heating and curing, so as to 
force inner reinforcement layer 7 to become embedded in 
and chemically ?xed to a portion of length of hose 8. At the 
end of the heating/curing step, tape 6 is unWound from 
length of hose 8 and reused. 

[0004] For the foregoing process to be successful, it is 
critically important that tape 6 be Wound onto reinforcement 
layer 7 With an even and ?at lay, Without appreciable camber 
(i.e., Without an appreciable curvature or arch) and With a 
knoWn tension. Heretofore, knoWn tape Wrapping machines 
have been less than adequate for accomplishing this process 
in a uniform, repeatable, and satisfactory manner. As a 
consequence, there has been a long felt need for a tape 
Wrapping machine that is capable of reliably and repeatedly 
Wrapping a ?exible tape completely about a core tube 
covered With a reinforcement layer of Woven or braided 
reinforcing ?laments, With an even and ?at lay, and With a 
knoWn tension. 

SUMMARY OF THE INVENTION 

[0005] The present invention provides a machine for 
Wrapping a moving length of tape onto a moving length of 
hose Where the hose is moving relative to the machine and 
the length of tape. The machine includes a frame supporting 
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a shuttle plate and a tension plate in parallel spaced relation 
to one another. The shuttle plate and the tension plate each 
have a central bore for receiving the moving length of hose, 
and the tension plate supports a supply of the tape. A ?rst 
motor is supported by the frame and is operatively engaged 
With the shuttle plate so as to rotate the shuttle plate relative 
to the frame. A second motor is supported by the frame and 
is operatively engaged With the tension plate so as to rotate 
the tension plate relative to the shuttle plate. A spindle head 
is mounted adjacent to the shuttle plate. It includes a tube 
positioned in coaxial relation to the central bore so as to 
receive the length of hose, and a guide arm having a ?rst end 
pivotally mounted on the tube so that the guide arm pivots 
relative to the tube betWeen a ?rst position and at least one 
second position. The moving length of tape continuously 
engages the guide arm prior to Wrappingly engaging the 
length of hose so as to be guided at a preselected angular 
relation to the hose during the Wrapping of the moving 
length of hose. A sensor may be positioned on the spindle 
head and adjacent to an edge of the moving length of tape 
and arranged to sense the position of the tape edge at the 
sensor. 

[0006] In another embodiment of the invention, a machine 
for Wrapping a moving length of tape onto a moving length 
of hose is provided that includes a frame supporting a shuttle 
plate and a tension plate in parallel spaced relation to one 
another. The shuttle plate and the tension plate each include 
a central bore for receiving the moving length of hose, and 
the tension plate supports a supply of the tape. A ?rst motor 
is supported by the frame and is operatively engaged With 
the shuttle plate so as to rotate the shuttle plate relative to the 
frame. A second motor is supported by the frame and is 
operatively engaged With the tension plate so as to rotate the 
tension plate relative to the shuttle plate. A spindle head is 
mounted to the shuttle plate, and includes a tube positioned 
in coaxial relation to the central bore so as to receive the 
moving length of hose. A tension measuring assembly is 
mounted on the shuttle plate and positioned so as to support 
and direct the moving length of tape from the supply of tape 
into engagement With the moving length of hose. The 
tension measuring assembly includes a ?rst tension trans 
ducer arranged so as to support the length of tape and a 
second transducer positioned in spaced diametric relation to 
the ?rst transducer. 

[0007] In yet a further embodiment of the invention, a 
machine for Wrapping a moving length of tape onto a 
moving length of hose is provided Where the hose is moving 
relative to the machine and the moving length of tape. The 
machine includes a frame supporting a shuttle plate and a 
tension plate in parallel spaced relation to one another. The 
shuttle plate and the tension plate each include a central bore 
for receiving the moving length of hose, and the tension 
plate supports a supply of the tape. A?rst motor is supported 
by the frame and is operatively engaged With the shuttle 
plate so as to rotate the shuttle plate relative to the frame. A 
second motor is supported by the frame and is operatively 
engaged With the tension plate so as to rotate the tension 
plate relative to the shuttle plate. A spindle head is mounted 
to the shuttle plate, and includes a tube positioned in coaxial 
relation to the central bore so as to receive the moving length 
of hose. A guide arm having a ?rst end is pivotally mounted 
on the tube so that the guide arm pivots relative to the tube 
betWeen a ?rst position and at least one second position. A 
tension measuring assembly is mounted on the shuttle plate 
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and positioned so as to support and direct the moving length 
of tape from the supply to engagement With the moving 
length of hose. The moving length of tape continuously 
engages a portion of the guide arm. A sensor may be 
positioned on the spindle head and adj acent to an edge of the 
moving length of tape and arranged to sense the position of 
the tape edge at the sensor. The tension measuring assembly 
includes a ?rst tension transducer arranged so as to support 
the moving length of tape and a second transducer posi 
tioned in spaced diametric relation to the ?rst transducer. 
Means for computing a difference signal from respective 
output signals from the ?rst and second transducers are 
provided such that the difference signal comprises a measure 
of tension in the moving length of tape. The measure of 
tension is communicated to the second motor by the com 
puting and communicating means, and the second motor 
speed is continuously adjusted based on the measure of 
tension in the moving length of tape. 

[0008] Amethod is provided for adjusting the lay angle of 
a length of tape as it is Wrapped onto a length of hose. A 
movable guide arm is arranged so as to support a length of 
tape. The guide arm is pivotable toWard and aWay from the 
length of hose betWeen a ?rst position and at least one 
second position so as to provide a plurality of angular 
relationships betWeen the guide arm and the moving length 
of hose. The length of tape continuously engages a portion 
of the guide arm so that a lay angle of the tape on the moving 
length of hose may be adjusted by movement of the guide 
arm betWeen the ?rst position and the at least one second 
position. 
[0009] A method is also provided for determining the 
tension in a length of tape as it is Wrapped onto a moving 
length of hose. A?rst tension transducer is arranged so as to 
support a length of moving tape on a rotating plate. A 
second, reference transducer is positioned in spaced diamet 
ric relation to the ?rst transducer on the rotating plate. A 
reference signal is transmitted by the second transducer that 
represents the centrifugal force generated by the second 
transducer as the shuttle plate rotates. A tension signal is 
transmitted by the ?rst transducer that represents the cen 
trifugal force plus the tape tension applied to the ?rst 
transducer. The reference signal is subtracted from the 
tension signal to yield a resultant signal Which, in the 
centrifugal environment of the rotating shuttle plate, repre 
sents the effect of the tape traversing the ?rst transducer 
alone, i.e., the tension in the tape as it moves from its supply 
to the moving length of hose. 

[0010] Of course the foregoing methods may be combined 
so as to be performed either in serial or parallel, as required 
by a particular application. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] These and other features and advantages of the 
present invention Will be more fully disclosed in, or rendered 
obvious by, the folloWing detailed description of the pre 
ferred embodiments of the invention, Which are to be 
considered together With the accompanying draWings 
Wherein like numbers refer to like parts and further Wherein: 

[0012] FIG. 1 is a side elevational vieW of a section of 
prior art hose used in connection With the present invention; 

[0013] FIG. 2 is a perspective vieW of the present inven 
tion including a frame, cabinet, electronics control module, 
and reels of hose; 
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[0014] FIG. 3 is a broken-aWay, perspective vieW of a pair 
of opposed loop belt drives of the type used in one preferred 
embodiment of the invention; 

[0015] FIG. 4 is a broken-aWay, side elevational vieW of 
the present invention shoWing a shuttle plate, nose assembly 
and spindle head assembly; 

[0016] FIG. 5 is a cross-sectional vieW of the spindle 
assembly, as taken along lines 5-5 in FIG. 4; 

[0017] FIG. 6 is a front elevational vieW of a shuttle plate; 

[0018] FIG. 7 is a perspective vieW a nose assembly 
formed in accordance With the present invention; 

[0019] FIG. 8 is a perspective vieW of a nose and nose hub 
formed in accordance With the present invention; 

[0020] FIG. 9 is a perspective vieW, partially in phantom, 
of an adjustable guide arm; 

[0021] 
[0022] FIG. 11 is a perspective vieW of an angle gauge; 

[0023] FIG. 12 is a side elevational vieW of a nose 
assembly, including a tape edge sensor, and shoWing a 
portion of tape being Wrapped onto a section of hose; 

[0024] FIG. 13 is a broken-aWay, perspective vieW of a 
spindle head assembly, a shuttle plate, and tension monitor 
assembly applying tape to a hose; 

FIG. 10 is a perspective vieW of an angle indicator; 

[0025] FIG. 14 is a transducer guide cage having a trans 
ducer shoWn in phantom mounted Within it; 

[0026] 
[0027] 
[0028] 
[0029] FIG. 18 is a front elevational vieW of a tension 
control assembly and nose assembly in position Within the 
Wrapping machine, With a tape threaded through the assem 
blies according to the invention. 

FIG. 15 is a perspective vieW of a tape shift guide; 

FIG. 16 is a perspective vieW of a second guide; 

FIG. 17 is a perspective vieW of a third guide and; 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0030] This description of preferred embodiments is 
intended to be read in connection With the accompanying 
draWings, Which are to be considered part of the entire 
Written description of this invention. In the description, 
relative terms such as “horiZontal,”"vertical,”“up,”“doWn, 
”“top” and “bottom” as Well as derivatives thereof (e.g., 
“horiZontally,”“doWnWardly,”“upWardly," etc.) should be 
construed to refer to the orientation as then described or as 
shoWn in the draWing ?gure under discussion. These relative 
terms are for convenience of description and normally are 
not intended to require a particular orientation. Terms 
including “inWardly” versus “outWardly,”“longitudinal” 
versus “lateral” and the like are to be interpreted relative to 
one another or relative to an aXis of elongation, or an aXis or 

center of rotation, as appropriate. Terms concerning attach 
ments, coupling and the like, such as “connected” and 
“interconnected,” refer to a relationship Wherein structures 
are secured or attached to one another either directly or 

indirectly through intervening structures, as Well as both 
movable or rigid attachments or relationships, unless 
expressly described otherWise. The term “operatively con 












