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HEAD AND SYSTEM FOR CONTINUOUSLY MANUFACTURING COMPOSITE 
HOLLOW STRUCTURE 

Description 

Technical Field 

[0001] The present disclosure relates generally to a manufacturing head and system, more 

particularly, to a head and system for continuously manufacturing composite hollow structures. 

Background 

[0002] Extrusion manufacturing is a known process for producing continuous hollow 

structures. During extrusion manufacturing, a liquid matrix (e.g., a thermoset resin or a heated 

thermoplastic) is pushed through a die having a desired cross-sectional shape and size. The 

material, upon exiting the die, cures and hardens into a final form. In some applications, UV 

light and/or ultrasonic vibrations are used to speed the cure of the liquid matrix as it exits the die. 

The hollow structures produced by the extrusion manufacturing process may have any 

continuous length, with a straight or curved profile, a consistent cross-sectional shape, and 

excellent surface finish. Although extrusion manufacturing can be an efficient way to 

continuously manufacture hollow structures, the resulting structures may lack the strength 

required for some applications. 

[0003] Pultrusion manufacturing is a known process for producing high-strength hollow 

structures. During pultrusion manufacturing, individual fiber strands, braids of strands, and/or 

woven fabrics are coated with or otherwise impregnated with a liquid matrix (e.g., a thermoset 

resin or a heated thermoplastic) and pulled through a stationary die where the liquid matrix cures 

and hardens into a final form. As with extrusion manufacturing, UV light and/or ultrasonic 

vibrations are used in some pultrusion applications to speed the cure of the liquid matrix as it 

exits the die. The hollow structures produced by the pultrusion manufacturing process have 

many of the same attributes of extruded structures, as well as increased strength due to the 

integrated fibers. Although pultrusion manufacturing can be an efficient way to continuously 

manufacture high-strength hollow structures, the resulting structures may lack the form required 

for some applications. In addition, the variety of fiber patterns integrated within the pultruded 

hollow structures may be limited, thereby limiting available characteristics of the resulting 

hollow structures. 
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[0004] The disclosed system is directed to overcoming one or more of the problems set forth 

above and/or other problems of the prior art. 

Summary 

[0005] In one embodiment, the present disclosure is directed to a head for a manufacturing 

system. The head may include a housing configured to discharge a tubular structure reinforced 

with at least one continuous fiber and having a three-dimensional trajectory, and a cure enhancer 

operatively connected to the housing and configured to cure a liquid matrix in the tubular 

structure during discharge. The head may also have a nozzle configured to discharge a fill 

material into the tubular structure, and a wand extending from the housing to the nozzle. 

[0006] In another embodiment, the present disclosure is directed to a system for continuously 

manufacturing a composite structure. The system may include a support configured to move in a 

plurality of directions during manufacturing of the composite structure, and a head coupled to the 

support. The head may include a housing configured to discharge a tubular structure reinforced 

with at least one continuous fiber and having a three-dimensional trajectory, and a first cure 

enhancer located inside of the housing and configured to cure a liquid matrix in the tubular 

structure during discharge from inside of the tubular structure. The head may also include a 

nozzle configured to discharge a fill material into the tubular structure, a wand extending from 

the housing to the nozzle, and a second cure enhancer located at an end of the nozzle opposite the 

wand and configured to cure the fill material. 

[0007] In yet another embodiment, the present disclosure is directed to a method of 

continuously manufacturing a composite structure. The method may include continuously 

coating fibers with a matrix, diverting the matrix-coated fibers radially outward away from a 

non-fiber axis to form a tubular structure, and creating a three-dimensional trajectory within the 

tubular structure. The method may also include curing the tubular structure from inside of the 

tubular structure, and discharging a fill material into the tubular structure. 

[0007a] In one aspect, there is provided a head for a manufacturing system, comprising: a 

housing configured to discharge a tubular structure from a liquid matrix reinforced with at least 

one continuous fiber and having a three-dimensional trajectory; a cure enhancer operatively 

connected to the housing and configured to cure the liquid matrix in the tubular structure during 

discharge; a nozzle configured to discharge a fill material into the tubular structure; a wand 

extending from the housing to the nozzle; an external shield extending over the nozzle at a 

location outside of the tubular structure; and an internal shield extending over the wand and 

inside of the tubular structure. 
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[0007b] In another aspect, there is provided a head for a manufacturing system, comprising: a 

housing configured to discharge a tubular structure from a liquid matrix reinforced with at least 

one continuous fiber and having a three-dimensional trajectory; a cure enhancer operatively 

connected to the housing and configured to cure the liquid matrix in the tubular structure during 

discharge; a nozzle configured to discharge a fill material into the tubular structure; a wand 

extending from the housing to the nozzle; and an external shield extending over the nozzle at a 

location outside of the tubular structure, wherein the external shield, nozzle, and wand together 

form an interchangeable attachment that is separately assembled and connectable to the housing. 

[0007c] In yet another aspect, there is provided a head for a manufacturing system, comprising: a 

housing configured to discharge a tubular structure reinforced with at least one continuous fiber 

and having a three-dimensional trajectory; a cure enhancer operatively connected to the housing 

and configured to cure the liquid matrix in the tubular structure during discharge; a nozzle 

configured to discharge a fill material into the tubular structure; and a wand extending from the 

housing to the nozzle, wherein the nozzle is disk-like and includes a plurality of orifices located 

around a periphery, the plurality of orifices being configured to discharge the fill material toward 

an inner wall of the tubular structure. 

10067d1 In yet another aspect, there is provided a head for a manufacturing system, comprising: a 

housing configured to discharge a tubular structure reinforced with at least one continuous fiber 

and having a three-dimensional trajectory; a cure enhancer operatively connected to the housing 

and configured to cure the liquid matrix in the tubular structure during discharge; a nozzle 

configured to discharge a fill material into the tubular structure; and a wand extending from the 

housing to the nozzle, wherein the nozzle is configured to spray a coating of the fill material 

against an inner wall of the tubular structure. 

[0007e] In yet another aspect, there is provided a head for a manufacturing system, comprising: a 

housing configured to discharge a tubular structure from a liquid matrix reinforced with at least 

one continuous fiber and having a three-dimensional trajectory; a cure enhancer operatively 

connected to the housing and configured to cure the liquid matrix in the tubular structure during 

discharge; a nozzle configured to discharge a fill material into the tubular structure; a wand 

extending from the housing to the nozzle; and a centering device located outside of the tubular 

structure and configured to center the nozzle within the tubular structure during discharge of the 

fill material. 
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[0007f] In yet another aspect, there is provided a system for continuously manufacturing a 

composite structure, comprising: a support configured to move in a plurality of directions during 

manufacturing of the composite structure; a head coupled to the support and including: a housing 

configured to discharge a tubular structure from a liquid matrix reinforced with at least one 

continuous fiber and having a three-dimensional trajectory; a first cure enhancer located inside of 

the housing and configured to cure the liquid matrix in the tubular structure during discharge 

from inside of the tubular structure; a nozzle configured to discharge a fill material into the 

tubular structure; a wand extending from the housing to the nozzle; and a second cure enhancer 

located at an end of the nozzle opposite the wand and configured to cure the fill material; an 

external shield extending from the head over the no //le at a location outside of the tubular 

structure; and an internal shield located extending from the head over the wand at a location 

inside of the tubular structure. 

[0007g] In yet another aspect, there is provided a system for continuously manufacturing a 

composite structure, comprising: a support configured to move in a plurality of directions during 

manufacturing of the composite structure; and a head coupled to the support and including: a 

housing configured to discharge a tubular structure from a liquid matrix reinforced with at least 

one continuous fiber and having a three-dimensional trajectory; a first cure enhancer located 

inside of the housing and configured to cure the liquid matrix in the tubular structure during 

discharge from inside of the tubular structure; a nozzle configured to discharge a fill material into 

the tubular structure; a wand extending from the housing to the nozzle; and a second cure 

enhancer located at an end of the nozzle opposite the wand and configured to cure the fill 

material, wherein the nozzle is generally disk-like and includes: a plurality of orifices located 

around a periphery, the plurality of orifices being configured to discharge the fill material against 

an inner wall of the tubular structure; a center diverter in fluid communication with an end of the 

wand; and a plurality of radial passages extending from the diverter to the plurality of orifices. 

[0007h] In yet another aspect, there is provided a system for continuously manufacturing a 

composite structure, comprising: a support configured to move in a plurality of directions during 

manufacturing of the composite structure; and a head coupled to the support and including: a 

housing configured to discharge a tubular structure from a liquid matrix reinforced with at least 

one continuous fiber and having a three-dimensional trajectory; a first cure enhancer located 

inside of the housing and configured to cure the liquid matrix in the tubular structure during 

discharge from inside of the tubular structure; a nozzle configured to discharge a fill material into 

the tubular structure; a wand extending from the housing to the nozzle; and a second cure 
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enhancer located at an end of the nozzle opposite the wand and configured to cure the fill 

material, wherein the nozzle is configured to spray a coating of the fill material against an inner 

wall of the tubular structure. 

Brief Description of the Drawings 

[0008] Figs. 1 and 2 are diagrammatic illustrations of exemplary disclosed manufacturing 

systems; 

[0009] Fig. 3 is cross-sectional illustration of an exemplary disclosed drive and head that may 

be used in conjunction with the manufacturing systems of Figs. 1 and 2; 

[0010] Fig. 4 is an exploded view illustration of the head of Fig. 3; 
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[0011] Fig. 5 is a perspective illustration of an exemplary disclosed shield that may be 

connected to the head of Figs. 3 and 4; 

[0012] Figs. 6-9 are diagrammatic illustrations of exemplary disclosed hollow structures that 

may be manufactured with the system of Figs. 1 and 2; 

[0013] Figs. 10-18 are diagrammatic illustrations of exemplary disclosed weave patterns that 

may make up walls of the hollow structures of Figs. 6-9; 

[0014] Figs. 19 and 20 are cross-sectional and end-view perspective illustrations of an 

exemplary disclosed head that may be used in conjunction with the manufacturing systems of 

Figs. 1 and 2; and 

[0015] Figs. 21 and 22 are cross-sectional and perspective illustrations of another exemplary 

disclosed head that may be used in conjunction with the manufacturing systems of Figs. 1 and 2. 

Detailed Description 

[0016] Figs. 1 and 2 illustrate different exemplary systems 10 and 12, which may be used to 

continuously manufacture hollow composite structures (e.g., tubes, hoses, channels, conduits, 

ducts, etc.) 14 having any desired cross-sectional shape (e.g., circular or polygonal). Each of 

systems 10, 12 may include a support 16, a drive 18, and a head 20. Head 20 may be coupled to 

support 16 via drive i8. In the disclosed embodiment of Fig. 1, support 16 is a robotic arm 

capable of moving drive 18 and head 20 in multiple directions during fabrication of structure 14, 

such that a resulting longitudinal axis 22 of structure 14 is three-dimensional. In the embodiment 

of Fig. 2, support 16 is an overhead gantry also capable of moving head 20 and drive 18 in 

multiple directions during fabrication of structures 14. Although supports 16 of both 

embodiments are shown as being capable of 6-axis movements, it is contemplated that any other 

type of support 16 capable of moving drive 18 and head 20 in the same or a different manner 

could also be utilized, if desired. 

[0017] As shown in Fig. 3, drive 18, in addition to functioning as a mechanical coupling 

between head 20 and support 16, may include components that cooperate to also supply power to 

head 20. These components may include, among other things, a container 24, one or more 

actuators disposed inside container 24, and a plurality of links connecting the various actuators to 

different portions of head 20. In the disclosed embodiment, three different actuators 26, 28, 30 

are shown inside of container 24 as being coupled to head 20 by way of two different shafts 32, 

34 and a rod 36. Actuators 26 and 28 may be rotary-type actuators (e.g., electric, hydraulic, or 

pneumatic motors), while actuator 30 may be a linear-type actuator (e.g., a solenoid actuator, a 
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hydraulic cylinder, a lead screw, etc.). Shaft 32 may be tubular (i.e., cylindrical and hollow) and 

driven by actuator 26 to rotate about a center axis 37, and shaft 34 may pass through a center of 

shaft 32 and be driven by actuator 28 to also rotate about center axis 37. For the purposes of this 

disclosure, axis 37 may be considered a non-fiber axis of head 20. In the disclosed embodiment, 

shaft 34 is also tubular, and rod 36 may be configured to pass through a center of shaft 34 and be 

driven by actuator 30 to move axially in-and-out with respect to shaft 34. Rod 36 may also be 

generally aligned with center axis 37. It is contemplated that a different number of actuators 

could be coupled with head 20 by way of a different arrangement of shafts and/or rods, if desired. 

For example, a single actuator could be coupled to rotate both of shafts 32, 34 (e.g., by way of a 

gear train - not shown), if desired. Electricity may be provided to actuators 30-34 from an 

external supply (e.g., an established utility grid) 38. 

[0018] In addition to functioning as a mounting location for the various actuators described 

above, container 24 may also function as a pressure vessel in some embodiments. For example, 

container 24 may be configured to receive or otherwise contain a pressurized matrix material. 

The matrix material may include any type of liquid resin (e.g., a zero volatile organic compound 

resin) that is curable. Exemplary resins include epoxy resins, polyester resins, cationic epoxies, 

acrylated epoxies, urethanes, esters, thermoplastics, photopolymers, polyepoxides, and more. In 

one embodiment, the pressure of the matrix material inside container 24 may be generated by an 

external device (e.g., an extruder or another type of pump) 40 that is fluidly connected to 

container 24 via a corresponding conduit 42. In another embodiment, however, the pressure may 

be generated completely inside of container 24 by a similar type of device. In some instances, 

the matrix material inside container 24 may need to be kept cool and/or dark in order to inhibit 

premature curing; while in other instances, the matrix material may need to be kept warm for the 

same reason. In either situation, container 24 may be specially configured (e.g., insulated, 

chilled, and/or warmed) to provide for these needs. 

[0019] The matrix material stored inside container 24 may be used to coat any number of 

separate fibers and, together with the fibers, make up a wall of composite structure 14. In the 

disclosed embodiment, two separate fiber supplies 44, 46 are stored within (e.g., on separate 

internal spools - not shown) or otherwise passed through container 24 (e.g., fed from the same or 

separate external spools). In one example, the fibers of supplies 44, 46 are of the same type and 

have the same diameter and cross-sectional shape (e.g., circular, square, flat, etc.). In other 

examples, however, the fibers of supplies 44, 46 are of different types, have different diameters, 

and/or have different cross-sectional shapes. Each of supplies 44, 46 may include a single strand 

- 4 - 



WO 2017/180826 	 PCT/US2017/027338 

of fiber, a tow or roving of several fiber strands, or a weave of fiber strands. The strands may 

include, for example, carbon fibers, vegetable fibers, wood fibers, mineral fibers, glass fibers, 

metallic wires, etc. 

[0020] The fibers from supplies 44, 46 may be coated with the matrix material stored in 

container 24 while the fibers are inside container 24, while the fibers are passing to head 20, 

and/or while the fibers are discharging from head 20, as desired. The matrix material, the dry 

fibers from one or both of supplies 44, 46, and/or fibers already coated with the matrix material 

may be transported into head 20 in any manner apparent to one skilled in the art. In the 

embodiment of Fig. 3, the matrix material is mixed with the fibers from both supplies 44, 46 (and 

in some cases, with fillers such as chopped fibers of varying lengths), and the matrix-coated 

fibers are then directed into head 20 via the open interior(s) of shaft(s) 32 and/or 34. It is 

contemplated, however, that dedicated conduits (not shown) could alternatively be used for this 

purpose, if desired. The matrix material may be pushed through shaft(s) 32, 34 (and/or the 

dedicated conduit(s)) by the pressure of container 24, and the fibers may travel along with the 

matrix material. Alternatively or additionally, the fibers (coated or uncoated) may be 

mechanically pulled through shafts 32 and/or 34, and the matrix material may be pulled along 

with the fibers in some embodiments. In the disclosed example, electricity is also supplied to 

head 20 by way of the empty interior(s) of shaft(s) 32 and/or 34. 

[0021] Head 20 may include a series of cylindrical components nested inside each other that 

function to create unique weave patterns in the walls of structure 14 out of the matrix-coated 

fibers received from drive 18. As seen in Figs. 3 and 4, these components may include, among 

other things, a housing 48, one or more fiber guides (e.g., a first fiber guide 50 and a second fiber 

guide 52), a diverter 54, one or more cure enhancers (e.g., a UV light 56 and/or an ultrasonic 

emitter 58), and a cutoff 60. As will be explained in more detail below, matrix-coated fibers 

from drive 18 may pass through first and/or second fiber guides 50, 52, where a rotation in the 

fibers may be generated. The rotating matrix-coated fibers may then pass through an annular gap 

61 (shown only in Fig. 3) between diverter 54 and housing 48 and around a mouth 62 of diverter 

54, where the resin is caused to cure from the inside-out by way of UV light 56 and/or ultrasonic 

emitter 58. 

[0022] Housing 48 may be generally tubular, and have an open end 64 (shown only in Fig. 4) 

and an opposing domed end 68. An inner diameter of housing 48 at open end 64 may be larger 

than outer diameters of fiber guides 50, 52, and an internal axial length of housing 48 may be 

greater than axial lengths of fiber guides 50, 52. With this arrangement, fiber guides 50, 52 may 
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fit at least partially inside housing 48. In the disclosed embodiment, both fiber guides 50, 52 nest 

completely inside of housing 48, such that an axial face 69 of housing 48 at open end 64 extends 

past corresponding ends of fiber guides 50, 52. Face 69 of housing 48 at open end 64 may be 

convexly curved to mirror a correspondingly curved outer surface of diverter 54. A center 

opening 70 may be formed within domed end 68 of housing 48, allowing shaft 32, shaft 34, and 

rod 36 to pass axially therethrough. In some embodiments, a seal (e.g., an o-ring - shown only in 

Fig. 3) 72 may be disposed at opening 70 and around shaft 32 to inhibit liquid matrix material 

from leaking out of housing 48. 

[0023] Fiber guides 50 and 52, like housing 48, may also be generally tubular and have an 

open end 74 and a domed end 76 located opposite open end 74. An inner diameter of fiber guide 

50 at open end 74 may be larger than an outer diameter of fiber guide 52 at domed end 76, and an 

internal axial length of fiber guide 50 may be greater than an external axial length of fiber guide 

52. With this arrangement, fiber guide 52 may fit at least partially inside fiber guide 50. In the 

disclosed embodiment, fiber guide 52 nests completely inside of fiber guide 50, such that an end 

face 78 of fiber guide 50 at open end 74 extends axially past an end face 80 of fiber guide 52. 

End faces 78 and 80 of fiber guides 50, 52 may be convexly curved to mirror the correspondingly 

curved outer surface of diverter 54. 

[0024] Fiber guides 50 and 52 may each have an annular side wall 82 that extends from open 

end 74 to domed end 76. In the disclosed example, a thickness of each side wall 82 may be about 

the same (e.g., within engineering tolerances). However, it is contemplated that each side wall 

82 could have a different thickness, if desired. The thickness of side walls 82 may be sufficient 

to internally accommodate any number of axially oriented passages 84. Passages 84 may pass 

from the corresponding end face (i.e., end face 78 or 80) completely through domed end 76. 

Each passage 84 formed in fiber guide 50 may be configured to receive one or more fibers from 

one of supplies 44, 46, while each passage 84 formed in fiber guide 52 may be configured to 

receive one or more fibers from the other of supplies 44, 46. It is contemplated that the same or a 

different number of passages 84 may be formed within each of fiber guides 50 and 52, as desired, 

and/or that passages 84 may have the same or different diameters. In the disclosed embodiment, 

twenty-four equally spaced passages 84 having substantially identical diameters are formed in 

each of fiber guides 50, 52. Because annular wall 82 of fiber guide 52 may have a smaller 

diameter than annular wall 82 of fiber guide 50, the equal spacing between passages 84 within 

fiber guide 52 may be different than the corresponding equal spacing between passages 84 within 

fiber guide 50. It should be noted that passage spacing within one or both of fiber guides 50, 52 
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could be unequally distributed in some embodiments. Because fiber guide 52 may nest 

completely inside fiber guide 50, the fibers passing through fiber guide 50 may generally be 

overlapped with the fibers passing through fiber guide 52 during fabrication of structure 14. 

[0025] Each of fiber guides 50, 52 may be selectively rotated or held stationary during 

fabrication of structure 14, such that the fibers passing through each guide together create unique 

weave patterns (e.g., spiraling patterns, oscillating patterns, straight and parallel patterns, or 

combination patterns). The rotation of fiber guide 50 may be driven via shaft 32, while the 

rotation of fiber guide 52 may be driven via shaft 34. Shaft 32 may connect to domed end 76 

and/or to an internal surface of fiber guide 50. Shaft 34 may pass through a clearance opening 86 

in domed end 76 of fiber guide 50 to engage domed end 76 and/or an internal surface of fiber 

guide 52. As will be described in more detail below, the relative rotations of fiber guides 50, 52 

may affect the resulting weave patterns of structure 14. In particular, the rotations of fiber guides 

50, 52 may be in the same direction, counter to each other, continuous, intermittent, oscillating, 

have smaller or larger oscillation ranges, be implemented at lower or higher speeds, etc., in order 

to produce unique and/or dynamically changing weave patterns having desired properties. In 

addition, the rotations of fiber guides 50, 52 may be choreographed with the movements of 

support 16, with the movements of diverter 54, with an axial extrusion distance and/or rate, 

and/or with known geometry of structure 14 (e.g., termination points, coupling points, tees, 

diametrical changes, splices, turns, high-pressure and/or high-temperature areas, etc.). 

[0026] Diverter 54 may be generally bell-shaped and have a domed end 88 located opposite 

mouth 62. Domed end 88 may have a smaller diameter than mouth 62 and be configured to nest 

at least partially within fiber guide 52. Mouth 62 may flare radially outward from domed end 88, 

and have an outer diameter larger than an outer diameter of fiber guide 52. In one embodiment, 

the outer diameter of mouth 62 may be about the same as an outer diameter of housing 48. 

Diverter 54, due to its outwardly flaring contour, may function to divert the fibers exiting 

passages 84 of both fiber guides 50, 52 radially outward. In this manner, a resulting internal 

diameter of structure 14 may be dictated by the outer diameter of diverter 54. In addition, 

diverter 54 may divert the fibers against face 69 of housing 48, thereby sandwiching the fibers 

within gap 61 (referring to Fig. 3). Accordingly, the diverting function of diverter 54, in addition 

to establishing the internal diameter of structure 14, may also dictate the wall thickness of 

structure 14. It is contemplated that, although diverter 54 has been described as being generally 

bell-shaped, diverter 54 could alternatively be cone-shaped, if desired. 
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[0027] In one embodiment, diverter 54 may be movable to selectively adjust the wall thickness 

of structure 14. Specifically, rod 36 may pass through clearance openings 86 of fiber guides 50, 

52 to engage domed end 76 of diverter 54. With this connection, an axial translation of rod 36 

caused by actuator 30 (referring to Fig. 3) may result in a varying width of gap 61 and a 

corresponding wall thickness of structure 14. Accordingly, thicker walls of structure 14 may be 

fabricated by pushing diverter 54 away from housing 48, and thinner walls may be fabricated by 

pulling diverter 54 closer to housing 48. 

[0028] It is contemplated that particular features within the walls of structure 14 may be 

created by rapidly changing the width of gap 61 (i.e., by rapidly pulling diverter 54 in and rapidly 

pushing diverter 54 back out). For example, ridges (see Fig. 8), flanges (See Fig. 7), flexible 

sections, and other features may be created by adjusting the speed, duration, and/or distance of 

the pulling/pushing motions. 

[0029] UV light 56 may be configured to continuously expose an internal surface of structure 

14 to electromagnetic radiation during the formation of structure 14. The electromagnetic 

radiation may increase a rate of chemical reaction occurring within the matrix material 

discharging through gap 61, thereby helping to decrease a time required for the matrix material to 

cure. In the disclosed embodiment, UV light 56 may be mounted within mouth 62 of diverter 54 

in general alignment with axis 37, and oriented to direct the radiation away from diverter 54. UV 

light 56 may include multiple LEDs (e.g., 6 different LEDs) that are equally distributed about 

axis 37. However, it is contemplated that any number of LEDs or other electromagnetic 

radiation sources could alternatively be utilized for the disclosed purposes. UV light 56 may be 

powered via an electrical lead 90 that extends from supply 38 (referring to Fig. 3) through shafts 

32, 34 and rod 36. In some embodiments, rod 36 may itself function as electrical lead 90. The 

amount of electromagnetic radiation may be sufficient to cure the matrix material before 

structure 14 axially grows more than a predetermined length away from mouth 62. In one 

embodiment, structure 14 is completely cured before the axial growth length becomes equal to an 

external diameter of structure 14. 

[0030] Ultrasonic emitter 58 may be used in place of or in addition to UV light 56 to increase 

the cure rate of the matrix material in structure 14. For example, ultrasonic emitter 58 could be 

mounted directly inside mouth 62 of diverter 54 or alternatively mounted to (e.g., within a 

corresponding recess of) a distal end of UV light 56. Ultrasonic emitter 58 may be used to 

discharge ultrasonic energy to molecules in the matrix material, causing the molecules to vibrate. 

The vibrations may generate bubbles in the matrix material, which cavitate at high temperatures 
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and pressures, and force the matrix material to cure quicker than otherwise possible. Ultrasonic 

emitter 58 may be powered in the same manner as UV light 56, and also function to cure 

structure 14 from the inside-out. It is contemplated that, in addition to or in place of UV light 56 

and/or ultrasonic emitter 58, one or more additional cure enhancers (not shown) could be located 

to help speed up a cure rate of structure 14 from the outside-in, if desired. 

[0031] Cutoff 60 may be used to selectively terminate or otherwise fix a length of structure 14 

during manufacturing thereof. As shown in Figs. 3 and 4, cutoff 60 may be generally ring-like, 

and moveably mounted to an external surface of housing 48. Cutoff 60 may have a sharpened 

edge 92 that is configured to slide along axis 37 until it engages the matrix-coated fibers 

discharging through gap 61. Further sliding in the same direction may then function to shear the 

fibers against mouth 62, thereby fixing a length of structure 14. It should be noted that this 

shearing action may take place only while the matrix material is still uncured, such that a force 

required to push edge 92 through the fibers of structure 14 may be lower and a resulting cut 

surface may have a finer finish. 

[0032] The axial movement of cutoff 60 may be generated by a dedicated actuator 93 (see Fig. 

3). Actuator 93 may be mounted to housing 48 and embody a linear actuator (e.g., a hydraulic 

piston or a solenoid) or a rotary actuator (e.g., a motor that engages external threads on housing 

48), as desired. Actuator 93 may receive electrical power from supply 38 via external wiring. 

[0033] In some embodiments, the motion of cutoff 60 may be coordinated with the motion of 

diverter 54 during the fiber shearing of structure 14. For example, just prior to or during the axial 

movement of cutting edge 92 toward the fibers of structure 14, diverter 54 may be pulled inward 

toward housing 48 by rod 36 and actuator 30. By pulling diverter 54 inward, a wall thickness of 

structure 14 may be reduced and thereby made easier to shear. In addition, by pulling diverter 54 

inward, a greater clamping force may be exerted on the fibers, thereby reducing the required 

shearing force and/or movement of cutting edge 92. 

[0034] Even though the matrix-coated fibers of structure 14 may be quickly cured after 

discharge through gap 61, the speed of this cure may be insufficient for some applications. For 

example, when manufacturing structure 14 under water, in space, or in another inhospitable 

environment of unideal (e.g., severe or extreme) temperatures, unideal pressures, and/or high-

contamination, the matrix-coated fibers should be shielded from the environment until the cure is 

complete so as to ensure desired structural characteristics. For this reason, a shield 94 may be 

provided and selectively coupled to a distal end of head 20. An exemplary shield 94 is shown in 

Fig. 5 as including a tube 96 and/or a flexible coupling 98. Tube 96 may be selectively coupled 
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alone to a distal end of head 20; coupling 98 may be selectively connected alone to the distal end 

of head 20; or tube 96 may be selectively coupled to the distal end of head 20 by way of coupling 

98, as desired. Shield 94 may provide a more controlled environment for structure 14, allowing 

the matrix therein to cure by a desired amount prior to structure 14 extruding axially out past the 

end of shield 94. In some embodiments, shield 94 may be pressurized with an inert gas, 

pressurized with a gas that increases a cure rate of the matrix, and/or depressurized to more fully 

control the environment surrounding structure 14 during manufacture. Tube 96 may be used 

alone (i.e., without coupling 98) when axis 22 of structure 14 is primarily straight, while coupling 

98 may be used alone or with tube 96 when axis 22 is three-dimensional. Coupling 98 may allow 

for structure 14 to bend and curve relative to axis 37 (referring to Fig. 3). 

[0035] System 10 may be capable of producing many different weave patterns within the walls 

of structure 14. Figs. 6-9 illustrate exemplary structures 14 that may be possible to manufacture 

with system 10. Figs. 10-18 illustrate exemplary examples of weave patterns that may be used to 

make structure 14. Figs. 6-18 will be discussed in more detail in the following section to further 

illustrate the disclosed concepts. 

[0036] Figs. 19 and 20 illustrate another exemplary embodiment of head 20 that may be used 

to manufacture structure 14. Like the embodiment of Fig. 3, head 20 of Figs. 19 and 20 may 

include shafts 32, 34 (omitted from Figs. 19 and 20 for clarity - shown in Fig. 3), rod 36 (omitted 

from Figs. 19 and 20 for clarity - shown in Fig. 3), one or more fiber guides 50, 52, diverter 54, 

UV light 56, and/or ultrasonic emitter 58 disposed inside of housing 48. In some embodiments, 

head 20 of Figs. 19 and 20 may also include shield 94 connected at a first end to housing 18 and 

engaged at an opposing second end with an outer surface of structure 14. However, in contrast 

the embodiment of Fig. 3, head 20 of Figs. 19 and 20 may include additional components that 

cooperate to fill structure 14 with another material 140 during formation of structure 14. 

Material 140 may include, for example, insulation, shielding, rigid support, a liquid matrix, a 

particle reinforced matrix, a foam, a pressurized gas, concrete, or another filler known in the art. 

[0037] The components of head 20 that cooperate to fill structure 14 with material 140 may 

include, among other things, a hollow wand 142 extending from housing 48 (e.g., through fiber 

guide 50, fiber guide 52, and diverter 54) along a center axis of structure 14 to the second end of 

shield 94, and a nozzle 144 operatively connected to the distal end of wand 142. Wand 142 may 

be rigid or flexible, and provided with material 140 at the first end, for example via an internal 

supply passage that is located inside of shafts 32, 34 rod 36. Nozzle 144 may be configured to 
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discharge (e.g., to spray) material 140 axially and/or radially outward at a downstream location 

such that material 140 fills and/or sticks to the internal walls of structure 14. 

[0038] In the embodiment of Figs. 19 and 20, wand 142 is integral with head 20, such that head 

20 may always be capable of filling structure 14 with material 140. However, it is contemplated 

that wand 142 could be removably connected to head 20, if desired. Similarly, nozzle 144 may 

be permanently or interchangeably connected to wand 142 such that different materials 140 

and/or fill characteristics may be used. 

[0039] Nozzle 144, in the exemplary embodiment of Figs. 19 and 20, is configured to apply an 

inner annular layer or film of material 140 to internal surfaces of structure 14. In particular, 

nozzle 144 may include a disk-like body 146 having a plurality of orifices (e.g., square, round, 

oval, triangular, or other polygonal shaped orifices) 148 arranged around a periphery of body 

146, a radial diverter 150 located at a general center of body 146, and a plurality of radially 

oriented internal passages 152 that extend from diverter 150 to orifices 148. With this 

configuration, material 140 advancing axially from wand 142 may impact diverter 150 and be 

pushed radially outward through passages 152 and orifices 148 to contact the internal surfaces of 

structure 14. Material 140 may have a consistency that allows it to stick to the internal surfaces 

at least long enough for curing of material 140 to be achieved. In some instances, material 140 

exiting orifices 148 may flow upon discharge through orifices 148 and prior to curing, such that 

material 140 from each orifice 148 coalesces with material 140 from adjacent orifices 148 to 

form a continuous annular film. However, in other embodiments material 140 may not flow 

significantly upon discharge and prior to curing, such that separate axial ridges of material 140 

are deposited and cured. 

[0040] As described above, head 20 of Figs. 19 and 20 may include UV lights 56 and/or 

ultrasonic emitter 58. These components, in addition to facilitating curing of structure 14 in the 

manner already described above, may also facilitate curing of material 140. In particular, a first 

UV light or set of lights 56 may be located around the first end of wand 140 (similar to the 

embodiment of Fig. 3) and configured to cure the liquid matrix of structure 14, while a second 

UV light or set of lights 56 may be mounted to an outer end face of nozzle 144 and configured to 

cure material 140 during discharge through orifices 148. In some instances, ultrasonic emitter 58 

may also be attached to the exposed end face of nozzle 144, for example at a center of the second 

set of UV lights 56. 

[0041] In some embodiments, an internal shield 151 may be connected to wand 142 and/or 

nozzle 144 (e.g., directly or indirectly via additional components) and located inside of shield 94. 
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Internal shield 151 may help to seal off spaces around wand 142 and/or nozzle 144 to further 

isolate structure 14 from extreme environments at a time when the liquid matrix of structure 14 

may not yet be sufficiently cured. Internal shield 151 may embody a baffle that tapers radially 

inward from an internal end face of nozzle 144 to engage an outer annular surface of wand 142, 

and extend axially from the internal end face of nozzle 144 to the first end of wand 142. It is 

contemplated that internal shield 151 may be omitted, if desired. 

[0042] It is contemplated that the outer periphery of nozzle 144 may engage the inner annular 

surface of structure 14 or may terminate short of the inner annular surface, as desired. When the 

periphery of nozzle 144 engages the inner annular surface of structure 14, nozzle 144 may act as 

a guide in some instances. That is, structure 14 may slide over nozzle 144 in these instances and 

at a time when structure 14 is not yet fully cured. When this happens, nozzle 144 may actually 

help to shape structure 14. For example, nozzle 144 may be generally circular and help structure 

14 to maintain a circular cross-sectional shape at a time when structure 14 might otherwise tend 

to sag. Alternatively, nozzle 144 may be rectangular, oval, triangular or another polygonal 

shape, and/or have a size that is generally larger or smaller than a size of diverter 54. In this way, 

nozzle 144 may be used to adjust the shape of structure 14 from what was originally extruded 

over diverter 54. 

[0043] It is also contemplated that nozzle 144 could be selectively moved during the extrusion 

of structure 14 to vary and/or produce unique characteristics of structure 14. For example, wand 

142 could be driven (e.g., via an actuator disposed in drive 18, like actuators 26, 28, and/or 30 -

referring to Fig. 3) to bend, rotate, and/or translate such that material 140 is deposited inside of 

structure 14 in spiraling configurations and/or with ridges, flanges, flexible sections, and other 

features. 

[0044] In an alternative embodiment shown in Figs. 21 and 22, wand 142 and nozzle 144 have 

another mounting configuration. In particular, wand 142 and nozzle 144 may not be permanently 

connected to head 20 (not shown). Instead, wand 142, nozzle 144, and shield 94 may together 

form an attachment 154 that can be removably connected to head 20, much in the same way that 

a camera lense can be connected to a camera body. In this way, any number of different 

attachments 154 (e.g., attachments having different length wands 142, different nozzle shapes, 

etc.) can be interchangeably used with head 20 to produce a variety of different structures 14. 

The first end of wand 142 may be received within a corresponding socket of head 20 (e.g., a 

socket formed within the closed end of housing 48). Threaded fastening, compression coupling, 
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or another form of connection may be used to secure wand 142 inside of the socket. Thereafter, a 

base end of shield 94 may simply slide over an outer annular surface of housing 48. 

[0045] Nozzle 144 is shown in Figs. 21 and 22 as having a different shape than in Figs. 19 and 

20. In particular, in the embodiment of Figs. 21 and 22, nozzle 144 has a smaller diameter and a 

single centralized orifice 148. This configuration may be used to completely fill structure 14 

with material 140 or to simply spray a coating of material 140 onto the internal surfaces of 

structure 14. 

[0046] Because nozzle 144 of Figs. 21 and 22 may not extend radially outward to engage or 

closely approach the inner annular surface of structure 14, it may be possible for nozzle 144 to 

move radially somewhat inside of structure 14 during trajectory changes of structure 14. While 

this radial movement may be acceptable in some situations, it may be undesired in other 

situations as it could result in uneven filling or coating of structure 14. For this reason, it is 

contemplated that a way to center nozzle 144 inside of structure 14 may be used in some 

situations. In one example, internal shield 151 may function as a centering device. In another 

example, one or more magnets 156 may be arranged within the distal end of shield 94 and 

configured to generate a magnetic field that interacts with nozzle 144 to urge nozzle 144 toward a 

general center of structure 14. Other devices may additionally or alternatively be used to center 

or otherwise locate nozzle 144 within structure 14, if desired. 

Industrial Applicability 

[0047] The disclosed systems may be used to continuously manufacture composite structures 

having any desired cross-sectional shape and length. The composite structures may include any 

number of different fibers of the same or different types and of the same or different diameters. 

In addition, the weave patterns used to make the composite structures may be dynamically 

changed during manufacture of the structures. Operation of system 10 will now be described in 

detail. 

[0048] At a start of a manufacturing event, information regarding a desired hollow structure 14 

may be loaded into system 10 (e.g., into a controller responsible for regulating operations of 

support 16, actuators 26-28, and/or extruder 40). This information may include, among other 

things, a size (e.g., diameter, wall thickness, length, etc.), a contour (e.g., a trajectory of axis 22), 

surface features (e.g., ridge size, location, thickness, length; flange size, location, thickness, 

length; etc.), connection geometry (e.g., locations and sizes of couplings, tees, splices, etc.), 

desired weave patterns, and weave transition locations. It should be noted that this information 
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may alternatively or additionally be loaded into system 10 at different times and/or continuously 

during the manufacturing event, if desired. Based on the component information, one or more 

different fibers and/or resins may be selectively installed into system 10. Installation of the 

fiber(s) may include threading of the fiber(s) through shafts 32, 34, through passages 84 in guides 

50, 52, and through gap 61. In some embodiments, the fiber(s) may also need to be connected to 

a pulling machine (not shown) and/or to a mounting fixture (not shown). Installation of the 

matrix material may include filling of container 24 and/or coupling of extruder 40 to container 

24. In some embodiments, depending on the gathered component information, diverters having 

larger or smaller diameters, and any number of different configurations of fiber guides may be 

selectively used with head 20. 

[0049] The component information may then be used to control operation of system 10. For 

example, the fibers may be pulled and/or pushed along with the matrix material from head 20 at a 

desired rate at the same time that drive 18 causes fiber guides 50, 52 to rotate. During this 

rotation, diverter 54 may also be caused to move in or out, and any available cure enhancers (e.g., 

UV light 56 and/or ultrasonic emitter 58) may be activated to cure the matrix material. Support 

16 may also be selectively moving head 20 in a desired manner, such that axis 22 of the resulting 

hollow structure 14 follows a desired trajectory. Once structure 14 has grown to a desired length, 

cutoff 60 may be used to sever structure 14 from system 10 in the manner described above. 

[0050] Fig. 6 illustrates one example of structure 14 that may be produced by system 10. As 

can be seen in this figure, axis 22 of structure 14 may be translated and/or rotated (e.g., via 

corresponding movements of head 20) in any direction during the lengthwise growth of structure 

14 to produce complex geometry. In addition, the weave pattern of structure 14 may be 

choreographed with the changing geometry. In the example of Fig. 6, an elbow has been created 

having multiple weave patterns that transition around a corner section 100. Specifically, the 

fibers passing through one of guides 50 or 52 oscillate at opposing ends of corner section 100, 

but straighten out (i.e., align with axis 22) inside of corner section 100. At the same time, the 

fibers passing through the other of guides 50 or 52 remain straight throughout the length of 

structure 14. In addition, a frequency of the oscillating fibers may vary. In particular, the 

oscillating fibers may oscillate at a slower frequency for a section 102, and then at a higher 

frequency for a section 104. This frequency-changing pattern may be repetitive in some 

applications. 

[0051] It is contemplated that the weave pattern used at any particular point along the length of 

structure 14 may be selected in order to provide desired characteristics at the corresponding 

-14- 



WO 2017/180826 	 PCT/US2017/027338 

point. For example, oscillating patterns may be effectively used where slight movement and/or 

flexing of structure 14 is desired and/or expected over small and large distances. One application 

where oscillating patterns could be helpful may include the manufacture of a gas pipeline over 

arctic tundra for many continuous miles. In this application, the freezing and thawing of the 

tundra could cause undesired movements of the pipeline that must be accommodated in order to 

avoid cracking of the pipeline. The movements may be accommodated via the oscillating weave 

pattern. The oscillating weave pattern may also add toughness and or abrasion resistance to 

structure 14. The fibers within section 100 may all be parallel in order to produce a different 

characteristic within structure 14. For example, parallel fibers may provide for high static 

strength, where little or no bending is desired or expected. 

[0052] Fig. 7 illustrates another example of structure 14 that may be produced by system 10. 

As can be seen in this figure, a coupling 106 is used at a terminal end of structure 14 to connect 

structure 14 to another device (not shown) or to otherwise close off the end of structure 14. The 

use of coupling 106 may require different characteristics (e.g., greater strength or stiffness) in the 

walls of structure 14 and, thus, the weave pattern and/or thickness of structure 14 may change at 

the coupling location in a corresponding way. For instance, the weave pattern may become 

denser at this location and/or the wall thickness may increase. The weave pattern may become 

denser by increasing an oscillation frequency for a given axial growth rate (i.e., for a given 

extrusion rate) and/or by increasing an oscillation range. The wall thickness may increase at this 

location by causing diverter 54 to be pushed further away from housing 48, such that gap 61 

becomes larger. 

[0053] Fig. 8 illustrates another example of structure 14 that may be produced by system 10. 

As can be seen in this figure, the geometry of structure 14 changes (e.g., necks down) at a 

transition location 108 and at a terminal location 110. These geometry changes may involve 

corresponding changes in the weave pattern and/or in an outer profile of structure 14. For 

instance, the weave pattern at transition location 108 may change from oscillating and parallel 

fibers to only parallel fibers (or alternatively to only oscillating fibers). In addition, ridges 112 

may be formed at terminal location 110 via the rapid in/out movements of diverter 54. The 

parallel fibers may enhance a rigidity at transition location 108, while ridges 112 may facilitate 

connection with another structure. 

[0054] Fig. 9 illustrates a final example of structure 14 that may be produced by system 10. As 

can be seen in this figure, the geometry of structure 14 does not necessarily change. However, 

changes in the weave pattern of structure 14 may still be varied for application-specific purposes. 
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In particular, a specific portion 114 of structure 14 may have different characteristics than other 

portions 116 of the same structure, even though all portions have the same general geometry. For 

instance, a greater resistance to temperature and/or pressure may be required within portion 114; 

a greater abrasion resistance may be required; and/or a greater flexibility and/or rigidity may be 

required. These characteristics may be provided by way of varying weave patterns. In the 

disclosed example, the weave pattern within portion 114 includes parallel fibers on only one 

section (e.g., one half) and a density of oscillating fibers on remaining sections that is different 

than a fiber density within portions 116. 

[0055] Figs. 10-18 illustrate exemplary weave patterns that may be used at any location on any 

structure 14, regardless of structure 14 having changing geometry or characteristic requirements. 

In Fig. 10, a pattern 118 uses spiraling fibers 120 from guide 50 and spiraling fibers 122 from 

guide 52. At a top of pattern 118, fibers 120 may be equally interleaved with fibers 122 and may 

be identical fibers or fibers of different diameters, shapes, and/or sizes, as desired. About 

midway down pattern 118, however, the fibers may transition to a different weave, wherein two 

of fibers 122 are immediately adjacent each other. This new pattern may be achieved, for 

example, by increasing a rotational rate of guide 52 to be twice the rotational rate of guide 50. 

[0056] In Fig. 11, a pattern 124 is created that transitions from both of fibers 120, 122 spiraling 

in a first direction to one of fibers 120, 122 spiraling in a different direction. A similar pattern 

126 is shown in Fig. 12, but instead of one of fibers 120, 122 transitioning to a different 

direction, both of fibers 120, 122 transition to the opposing direction/. Another similar pattern 

128 is shown in Fig. 13, but instead of only one of fibers 120, 122 transitioning to spiraling in a 

different direction, one of fibers 120, 122 transitions to oscillating rather than spiraling. 

[0057] In Fig. 14, a pattern 130 is created that includes both of fibers 120 and 122 oscillating in 

a relatively synchronized manner. Both oscillating fibers are oscillating at about the same 

frequency and through the same ranges. Fig. 15 shows a pattern 132, wherein fibers 120 and 122 

are oscillating out of phase with each other using essentially the same frequency and range. 

However, one of fibers 120, 122 transitions about half-way along the length of pattern 132 to 

oscillate at a different frequency and/or through a different range. In Fig. 16, a pattern 134 is 

shown as having fibers 120 and 122 oscillating out of phase using the essentially same frequency 

and range. However, one or both of fibers 120, 120 may shift radial locations about half-way 

along the length of pattern 134 to move from being overlapping to being adjacent to each other. 

[0058] In a pattern 136 of Fig. 17, one of fibers 120, 122 is shown as being straight and 

generally aligned with axis 22 (referring to Figs. 1 and 2), while the other of fibers 120, 122 is 
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initially spiraling at an upper-half of pattern 136. The spiraling fiber 120 or 122 then transitions 

to oscillating at a lower-half of pattern 136. In a pattern 138 of Fig. 18, all of fibers 120, 122 are 

straight and aligned with axis 22, and equally interleaved with each other. 

[0059] Regardless of the particular pattern of fibers 120, 122 included within structure 14 

discharging from head 20, wand 142 and nozzle 144 may be utilized to at least partially fill 

structure 14 with material 140. For example, an annular layer of material 140 having a desired 

thickness, one or more straight or spiraling grooves, a thin coating, or a complete core of material 

140 may be deposited and cured inside of structure 14. In addition, ridges, flanges, flexible 

sections, and other similar features may be created and/or augmented with material 140. 

[0060] It will be apparent to those skilled in the art that various modifications and variations 

can be made to the disclosed system, structure, and weave patterns. Other embodiments will be 

apparent to those skilled in the art from consideration of the specification and practice of the 

disclosed system. It is intended that the specification and examples be considered as exemplary 

only, with a true scope being indicated by the following claims and their equivalents. 
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Claims 

What is claimed is: 

1. A head for a manufacturing system, comprising: 

a housing configured to discharge a tubular structure from a liquid matrix reinforced with 

at least one continuous fiber and having a three-dimensional trajectory; 

a cure enhancer operatively connected to the housing and configured to cure the liquid 

matrix in the tubular structure during discharge; 

a nozzle configured to discharge a fill material into the tubular structure; 

a wand extending from the housing to the nozzle; 

an external shield extending over the nozzle at a location outside of the tubular structure; 

and 

an internal shield extending over the wand and inside of the tubular structure. 

2. A head for a manufacturing system, comprising: 

a housing configured to discharge a tubular structure from a liquid matrix reinforced with 

at least one continuous fiber and having a three-dimensional trajectory; 

a cure enhancer operatively connected to the housing and configured to cure the liquid 

matrix in the tubular structure during discharge; 

a nozzle configured to discharge a fill material into the tubular structure; a wand 

extending from the housing to the nozzle; and 

an external shield extending over the nozzle at a location outside of the tubular structure, 

wherein the external shield, nozzle, and wand together form an interchangeable 

attachment that is separately assembled and connectable to the housing. 

3. A head for a manufacturing system, comprising: 

a housing configured to discharge a tubular structure reinforced with at least one 

continuous fiber and having a three-dimensional trajectory; 

a cure enhancer operatively connected to the housing and configured to cure the liquid 

matrix in the tubular structure during discharge; 
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a nozzle configured to discharge a fill material into the tubular structure; and 

a wand extending from the housing to the nozzle, 

wherein the nozzle is disk-like and includes a plurality of orifices located around a 

periphery, the plurality of orifices being configured to discharge the fill material toward an inner 

wall of the tubular structure. 

4. The head of claim 3, further including: a center diverter in fluid communication 

with an end of the wand; and a plurality of radial passages extending from the center diverter to 

the plurality of orifices. 

5. The head of claim 3, wherein the plurality of orifices are arranged such that the 

fill material discharging from the plurality of orifices coalesces to form an annular layer inside 

the tubular structure. 

6. The head of claim 3, wherein the plurality of orifices are arranged such that the 

fill material discharging from the plurality of orifices forms a plurality of axially oriented ridges 

inside the tubular structure. 

7. The head of claim 6, wherein the nozzle is configured to rotate during discharge 

of the fill material such that the plurality of axially oriented ridges spiral relative to the tubular 

structure. 

8. A head for a manufacturing system, comprising: 

a housing configured to discharge a tubular structure reinforced with at least one 

continuous fiber and having a three-dimensional trajectory; 

a cure enhancer operatively connected to the housing and configured to cure the liquid 

matrix in the tubular structure during discharge; 

a nozzle configured to discharge a fill material into the tubular structure; and 

a wand extending from the housing to the nozzle, wherein the nozzle is configured to 

spray a coating of the fill material against an inner wall of the tubular structure. 
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9. A head for a manufacturing system, comprising: 

a housing configured to discharge a tubular structure from a liquid matrix reinforced with 

at least one continuous fiber and having a three-dimensional trajectory; 

a cure enhancer operatively connected to the housing and configured to cure the liquid 

matrix in the tubular structure during discharge; 

a nozzle configured to discharge a fill material into the tubular structure; 

a wand extending from the housing to the nozzle; and 

a centering device located outside of the tubular structure and configured to center the 

nozzle within the tubular structure during discharge of the fill material. 

10. A system for continuously manufacturing a composite structure, comprising: 

a support configured to move in a plurality of directions during manufacturing of the 

composite structure; 

a head coupled to the support and including: 

a housing configured to discharge a tubular structure from a liquid matrix 

reinforced with at least one continuous fiber and having a three-dimensional trajectory; 

a first cure enhancer located inside of the housing and configured to cure the 

liquid matrix in the tubular structure during discharge from inside of the tubular structure; 

a nozzle configured to discharge a fill material into the tubular structure; 

a wand extending from the housing to the nozzle; and 

a second cure enhancer located at an end of the nozzle opposite the wand and 

configured to cure the fill material; 

an external shield extending from the head over the nozzle at a location outside of 

the tubular structure; and 

an internal shield located extending from the head over the wand at a location 

inside of the tubular structure. 

11. The system of claim 10, wherein the external shield, internal shield, nozzle, and 

wand are an interchangeable attachment that is separately assembled and connectable to the 

housing. 
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12. A system for continuously manufacturing a composite structure, comprising: 

a support configured to move in a plurality of directions during manufacturing of the 

composite structure; and 

a head coupled to the support and including: 

a housing configured to discharge a tubular structure from a liquid matrix 

reinforced with at least one continuous fiber and having a three-dimensional trajectory; 

a first cure enhancer located inside of the housing and configured to cure the 

liquid matrix in the tubular structure during discharge from inside of the tubular structure; 

a nozzle configured to discharge a fill material into the tubular structure; 

a wand extending from the housing to the nozzle; and 

a second cure enhancer located at an end of the nozzle opposite the wand and 

configured to cure the fill material, 

wherein the nozzle is generally disk-like and includes: a plurality of orifices 

located around a periphery, the plurality of orifices being configured to discharge the fill 

material against an inner wall of the tubular structure; a center diverter in fluid 

communication with an end of the wand; and a plurality of radial passages extending 

from the diverter to the plurality of orifices. 

13. The system of claim 12, wherein the plurality of orifices are arranged such that 

the fill material discharging from the plurality of orifices forms an annular layer inside the 

tubular structure. 

14. The system of claim 12, wherein the plurality of orifices are arranged such that 

the fill material discharging from the plurality of orifices forms a plurality of axially oriented 

ridges inside the tubular structure. 

15 	The system of claim 14, further including a drive connecting the head to the 

support, wherein the drive is configured to rotate the nozzle during discharge of the fill material 

such that the plurality of axially oriented ridges spiral relative to the tubular structure. 

16. 	A system for continuously manufacturing a composite structure, comprising: 
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a support configured to move in a plurality of directions during manufacturing of the 

composite structure; and 

a head coupled to the support and including: 

a housing configured to discharge a tubular structure from a liquid matrix 

reinforced with at least one continuous fiber and having a three-dimensional trajectory; 

a first cure enhancer located inside of the housing and configured to cure the 

liquid matrix in the tubular structure during discharge from inside of the tubular structure; 

a nozzle configured to discharge a fill material into the tubular structure; 

a wand extending from the housing to the nozzle; and 

a second cure enhancer located at an end of the nozzle opposite the wand and 

configured to cure the fill material, wherein the nozzle is configured to spray a coating of 

the fill material against an inner wall of the tubular structure. 
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