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SNAP TOGETHER TUBE ASSEMBLY
AND MANUFACTURING PROCESS

TECHNICAL FIELD

[0001] The invention relates to the manufacturing of hollow tube profiles using thermoset

pultrusion technology. The invention is particularly advantageous for the production of

hollow tube profiles made from polymeric resin reinforced with glass fibers.

BACKGROUND

[0002] In many applications, including the production of window and door frames, the

use of a pultruded fiberglass profile with one or more hollow cavities is desirable based on

its favorable strength, thermal and material properties. However, significant

manufacturing limitations exist with respect to current processes for pultruding fiber

reinforced polymer based profiles, especially when using polyurethane resins. To pultrude

a continuous profile with a hollow cavity, the pultrusion toolset requires an elongated

mandrel supported only at the beginning stage of the pultrusion process. This presents

many technical difficulties and cost disadvantages in comparison to the production of non-

hollow profiles. The design, manufacture and set up of a mandrel toolset takes

significantly longer, increasing costs by 40% - 100% over non-mandrel toolsets. The

production output of a mandrel toolset may be 50% - 75% less because the line speed must

be reduced to account for reduced heat control. In addition, the strain on the process puller

may be increased by a factor of 5 to 10 times due to the drag of the mandrel on the part as it

cures and shrinks during processing. But most importantly, because the mandrel may only

be supported in the first 10 inches of the input end of the toolset, which is normally 90 to

100 inches long, the mandrel is subject to much flexing and movement from the hydraulic

pressures exerted 80 to 90 inches downstream. Such flexing and movement of the mandrel

destabilizes the process, which adversely affects the consistency of the wall thickness and

the overall dimensional stability of the hollow profile. As a result, pultruded hollow

profiles commonly have lower part quality and consistency than non-mandrel/ non-hollow

profiles.



[0003] Accordingly, an improved process for producing elongated hollow profiles is

needed. In particular, an improved process is needed for manufacturing elongated

fiberglass tubes using a continuous pultrusion process.

SUMMARY OF INVENTION

[0004] According to the present invention, a continuous hollow profile is constructed

from two or more non-hollow pultruded rails that are assembled together. Specifically,

each rail may be formed with snap members that extend along the rail's entire length.

Using this snap fit arrangement, two or more non-hollow rails can be secured together

along their length to form complex shapes, including complex hollow shapes, that possess

strength comparable to unitary frames formed from other materials.

[0005] The strength and manufacturability of the hollow profile is influenced by the

structure of the snap arrangement. According to a first aspect, the male and female snap

members have mating features that when snapped together, not only prevent the rails from

being pulled apart, but also provide a clamping force that pulls the rails together. This

feature ensures that if an adhesive is applied between the male and female snap members

before they are assembled together, the adhesive will set up without the need for additional

or external clamps to hold the rails tight. The clamping force between the male and female

member is produced by one or more angled surfaces on one or both of the male and female

members. Specifically, elastic deformation of either the male or female member results in

a normal force exerted on the other snap member. When this force is exerted on an angled

surface, it produces a component force along the direction of engagement that urges the

male member farther into the female member - clamping them together.

[0006] According to a second aspect, the male and female snap members are precisely

dimensioned so that, when fully assembled together, at least one exterior surface of each

member lines up flush with the exterior surface of the other member. The self-clamping

feature in conjunction with this self-aligning feature ensures that the joint between the snap

members is held very tight, giving it the appearance of a single, unitary piece.

[0007] According to a third aspect, the male and female snap members are cooperatively

designed so that when fully assembled together they maintain small pockets of space

between them where excess adhesive can accumulate rather than being forced out from



between the snap to the exterior. This eliminates the need to remove excess adhesive on

the exterior surface, which provides a cleaner appearance that more closely resembles a

unitary piece rather than a two piece assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Fig. 1 shows a cross-section of a of an elongated, unitary hollow tube;

[0009] Fig. 2 is a cross-sectional view of one embodiment of a self-clamping snap tube

according to the invention;

[0010] Fig. 3 is a cross-sectional view of a second embodiment of a snap tube prior to

assembly;

[0011] Fig. 4 shows the snap tube of Fig. 3 after assembly;

[0012] Fig. 5 is a cross-sectional view of a third embodiment of a snap tube prior to

assembly;

[0013] Fig. 6 is a cross-sectional view of a fourth embodiment of a snap tube assembly;

[0014] Fig. 7 is a cross-sectional view of a first embodiment of a snap member according

to the invention;

[0015] Fig. 8 is a cross-sectional view of a second embodiment of snap member

according to the invention; and

[0016] Fig. 9 is a cross-sectional view of a third embodiment of a snap member

according to the invention.

DETAILED DESCRIPTION

[0017] Unitary hollow tube profiles, like the one depicted in Fig. 1, are known. The

elongated tube may have a square cross-section, as shown, a circular cross-section, or any

complex hollow profile. The hollow profile may be manufactured by extrusion, pultrusion,

or other known manufacturing processes. In addition, the hollow tube profile may be made

from any of a wide variety of known construction materials. However, production of fiber-

reinforced hollow profiles using pultrusion presents manufacturing obstacles. The present



invention overcomes those obstacles by pultruding fiber-reinforced, non-hollow rails that

can then be assembled into complex hollow shapes that exhibit strength and stability on par

with unity parts.

[0018] Fig. 2 depicts a cross-section of an elongated snap tube 10 according to one

embodiment of the invention. The hollow tube is formed from a first elongated rail 12 and

a second elongated rail 14. The first rail 12 is formed with male and female snap members

16 and 18, respectively, that extend along the rail's entire length. The second rail 14,

which is identical to the first rail 12, and which can be produced using the same pultrusion

toolset as the first rail, likewise has a male snap member 20 and a female snap member 22

that extend along the rail's entire length. When the first rail 12 and second rail 14 are

mated together, an elongated hollow tube structure is formed. Of course, the square tube

shown in Fig. 2 is only one embodiment. As shown in Figs. 3-6, other hollow profiles,

including complex hollow shapes, can be formed using this process.

[0019] Whereas the embodiment shown in Fig. 2 is constructed from two identical rails,

each having both a male and female snap member, in other embodiments, as depicted in

Figs. 3 and 4, each non-hollow rail may have only male or only female snap members. In

addition, in other embodiments that are now shown, the hollow profile can be formed from

three or more rails that are all joined together.

[0020] Preferably, each rail member is formed by a continuous pultrusion process that

encapsulates continuous strands or mats of fiberglass within a polymeric resin such as

polyurethane, polyester, vinyl ester or epoxy. As used herein, "fiberglass" includes not

only glass fibers, but also carbon fibers, basalt fibers, and other reinforcing fibers such as

Kevlar. Other materials and manufacturing processes can also be used to produce the non-

hollow rails. According to one embodiment two or more rail members can be pultruded

simultaneously and snapped together in a continuous, in-line fashion while the pultrusion is

ongoing to produce a finished or near finished hollow tube assembly.

[0021] Assembly of the snap together rails can be accomplished with or without adhesive

depending on the level of structural integrity required by the functional specification.

However, regardless of whether or not adhesive is used, the assembled snap tube must

function as one hollow shape, which requires significant strength and stability across the



snap joints. According to another aspect of the invention, a new snap geometry is

employed that provides sufficient strength and other valuable benefits.

[0022] Referring to the Figs. 7-9, three snap configurations are disclosed. Each snap

configuration includes a mating male and female member. Referring to Figs. 7 and 9, the

female member is flexible and must elastically deform to engage with the male member.

Referring to Fig. 8, the male member is flexible and elastically deflects to engage with the

female member.

[0023] Referring to Fig. 7, the male snap member 30 has a groove 32 along one side that

provides an angled surface for reasons described further below. In the embodiment shown

in Fig. 7, the groove 32 is a rounded recess that extends along the length of the male snap

member 30. In other embodiments that are not pictured, the groove 32 may be angular

with flat sides. In each embodiment, however, the groove 32 provides an angled surface

that is neither perpendicular nor parallel to the axis that runs from the base to the tip of the

male snap member. In addition, the angled surface is neither perpendicular nor parallel to a

direction in which the male snap member 30 is inserted into the female snap member 40.

[0024] The female snap member 40 has two legs - a straight alignment leg 42 that serves

to align the outer surfaces of two assembled rails, and a compression leg 44, which

includes a foot 46 that is received in the groove 32 of the male snap member. When the

compression leg 44 of the female snap member 44 presses into the male snap member 30, it

produces a clamping forces that pulls the associated rails together. Specifically, elastic

deformation of compression leg 44 results in a normal force exerted by the foot 46 in the

groove 32. When this force is exerted on an angled surface in the groove 32, it produces a

component force along the direction of engagement that urges the male snap member 30

farther into the female snap member 40, clamping them together. This self-clamping

feature of the new snap geometry eliminates the need for additional external clamping

during the manufacturing process when adhesive is used in the snap joints.

[0025] Still referring to Fig. 7, a first gap 48 and a second gap 50 are provided between

the male and female snap members, even when fully assembled, where excess adhesive

can accumulate rather than being forced out from between the snap to the exterior. This

provides a cleaner appearance that more closely resembles a unitary piece rather than a two



piece assembly. In some embodiments, only a single gap may be used. In other

embodiments more than two gaps may be used. As shown in Fig. 7, at least one gap may

be provided directly adjacent to the straight alignment leg 42 of the female snap member

where adhesive is most likely to be forced out of the joint.

[0026] Referring now to Fig. 9, according to another embodiment the male snap member

60 and female snap member 62 define an interior space 64 when they are engaged. When

this space is filed with any substance that will harden, such as an adhesive, it will form a

wedge or plug rendering the joint more or less permanently connected. This configuration

provides additional mechanical strength and holding power over a joint that is merely

adhered together.

[0027] Having described the invention in detail and by reference to preferred

embodiments thereof, it will be apparent that modifications and variations are possible

without departing from the scope of the invention as defined by the following claims.



What is claimed is:

1 . An elongated snap tube assembly comprising:

a first elongated rail having a male snap member extending along its length; and

a second elongated rail having a female snap member extending along its length;

wherein the first and second rails are snapped together to form a hollow tube;

wherein the male snap member has a groove extending along its length;

wherein the female snap member has a first leg and a second leg;

wherein the male snap member is received between the first and second legs of the

female snap member;

wherein the first leg of the female snap member is flexible and includes a foot; and

wherein the foot is received in the groove of the male snap member and exerts a

force that pulls the male and female snap members together.

2 . The elongated snap tube assembly of claim 1, wherein the first and second rails

have non-hollow profiles when viewed in cross-section.

3 . The elongated snap tube assembly of claim 2, wherein the first and second rails are

made from fiber reinforced polymer.

4 . The elongated snap tube assembly of claim 3, wherein the first and second rails are

made from fiber reinforced polyurethane.

5 . The elongated snap tube assembly of claim 1, wherein the male snap member

includes at least one recess located adjacent a distal end of the second leg of the female

snap member when the first and second rails are snapped together, and wherein the

elongated snap tube assembly further includes adhesive between the male snap member

and the female snap member.

6 . The elongated snap tube assembly of claim 1, wherein the male and female snap

members define a first gap between the male snap member and the first leg of the female



snap member and a second gap between the male snap member and the second leg of the

female snap member when the first and second rails are snapped together, and wherein the

first and second gaps contain adhesive.

7 . The elongated snap tube assembly of claim 6, wherein the second gap includes a

hardened adhesive plug configured to prevent separation of the male and female snap

members.

8 . An elongated snap tube assembly comprising:

a plurality of elongated rails, each rail having at least one male or female snap

member extending along its length;

wherein the plurality of rails are snapped together to form a tube;

wherein each male snap member includes a groove extending along its length;

wherein each female snap member has a first leg and a second leg;

wherein the first leg of each female snap member is flexible and includes a foot

extending along its length; and

wherein the foot of each female snap member is received in the groove of a

respective male snap member and exerts a force that pulls the respective male and female

snap members together.

9 . The elongated snap tube assembly of claim 8, wherein the plurality of elongated

rails are made from fiber reinforced polymer.

10. A snap configuration comprising:

a male snap member with a groove on a first side; and

a female snap member comprising a flexible first leg and a second leg, the first leg

including a protruding foot;

wherein the first and second legs of the female snap member define an opening;



wherein the male snap member is received within the opening by deflecting the

flexible first leg of the female snap member;

wherein the protruding foot of the female snap member is seated within the groove

of the male snap member and exerts a clamping force as a result of deflection of the

flexible first leg; and

wherein the clamping force pulls the male snap member into the opening.

11 . The snap configuration of claim 10, wherein the second leg of the female snap

member and a second side of the male snap member define an interior pocket of space

therebetween configured to contain adhesive.

12. The snap configuration of claim 10, wherein the male snap member is received

within the opening of the female snap member along a first direction, wherein the groove

of the male snap member includes an angled surface that is neither parallel nor

perpendicular to the first direction, and wherein the protruding foot of the female snap

member exerts the clamping force against the angled surface of the male snap member.

13. A method of making a tube assembly comprising the steps of:

pultruding at least one elongated rail having a male snap member extending along

its length, the male snap member having a groove with an angled surface;

pultruding at least one elongated rail having a female snap member extending along

its length, the female snap member comprising a first leg and a second leg, the first leg

being flexible and having a protruding foot configured to be received within a groove of a

respective male snap member and to exert a force on the angled surface of the groove; and

snapping together each of the elongated rails to form a hollow tube assembly.

14. The method of claim 13 wherein each elongated rail is made from fiber reinforced

polymer.

15. The method of claim 13 further comprising the step of applying an adhesive to at

least one of the male snap member and the female snap member prior to the step of

snapping together each of the elongated rails.



16. The method of claim 13 wherein an elongated rail having a male snap member is

snapped together with an elongated rail having a female snap member by inserting the male

snap member along a first direction between the first and second legs of the female snap

member and wherein the angled surface of the groove of the male snap member is neither

parallel nor perpendicular to the first direction.

17. The method of claim 13, wherein the steps of pultruding at least one elongated rail

having a male snap member and pultruding at least one elongated rail having a female snap

member are performed simultaneously, and wherein the step of snapping together each of

the elongated rails is initiated while the pultruding steps are still ongoing.
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