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SPECIFICATfON 

INTERFACE SYSTEM BETWEEN 
COMPOSITE TUBING AND END FITTINGS 

Field of the f nvention 

'. 

The present invention generally relates to the art of filament 

composite tubes and, particularfy, to various features at the interface 

between a filament composite tube and a rigid end fitting. 

Background of the Invention 

· Filament composite tubes typically include aligned reinforce-

ment fibers in combination with thermosetting or thermoplastic resin. 

Such tubes are manufactured by the application of resin-impregnated 

reinforcement fibers or rovings to an internal cylindrical mandrel. The 

rovings are applied under controlled tension in precise orientations and 

thicknesses to produce a tube wall with desired propertie·s. This can be 

accomplished by filament winding, whereby the mandrel is rotated about 

its centerline and th,e roving is applied along the mandrel by a carriage 

assembly. Braiding can also be used, whereby the internal mandrel is 

passed through roving delivery heads which orbit around the mandrel. 

Numerous hybrid processes exist which combine features of filament 

winding and braiding. 

Commonly used reinforcement fiber materials are carbon, 

aramid and glass formulations. The reinforcement fibers may include axial 

reinforcements or circumferential (hoop) reinforcements. The axial rein­

forcements are sized to provide the tube with the axial strength and/or 

25 stiffness required for a particular application. The circumferential or hoop 
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reinforcements are sized to provide the tube with the circumferential 

,,,.. strength and/or stiffness required for a particular application. - / 
The resin stabilizes and transfers load between the reinforce-

ments fibers and protects the fibers from environmental attack. Thermo~ 

5 setting resins such as epoxies, phenolics, vinyl esters and polyesters are 

most commonly used. Less commonly used are thermoplastics such as 

nylons. The thermosetting resins are used most commonly because they 

can be applied to the L<;>ving in liquid fqrm, which aids in the removal of 

entrapped air or volatiles. Th~ resin is solidified by the addition of heat 

10 energy, resulting i~ a rigid fiber:r~i.i:t.fQrQ~d str_ucture. The internal mandrel 

then is withdrawn, typically to be used again. 

· For applications requiring the containment of liquid or gases 

under pressure, an elastomeric or ther.m9pl_a$tlc liner typically is used 

inside the tube to prevent migration of the contained fluids through the 

composite wall. 

"l\;;j 20 

Composite tubes as described above are used in a variety of 

product applications, including oil and gas production and development 

applications, including tubing, casing and rt?ers. Such tubes are also 

representative of a P>Pssure vessel with a large port opening relativ~ to its 

cylinder diameter, a common configu~ation for rocket motor cases. They 

also are used as a structural composite strut or link applicable to light-- ~· 

weight truss or frame systems. In these applications, a joint is required to 

react primarily ~o axial loadings, resulting from applied axial tension-~~~ 
internal pressure. Joints are required between tube lengths in order to _______ ........ ..... . 

25 afford good service in these applications. The joints typically are provided 

by end fittings ~t wound-in interfaces between the tubes and the fittings. 

-- -------------
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The end fittings are generally hollow, rigid structures typically fabricated 

of metallic(fir1ike material. --·· . 

The wound-in interface between a filament comp9site tube 

and a rigid interior end fitting often includes one or. more "traplock" -· ·-
5 grooves in th~ exterior of the fitting and into which the filament or rein-

10 

15 

20 

25 

forcements of the composite tube are _yvound and/or compacted. 

In such a traplock joint, the axial load is transferred between 

the composite tube and the end fitting through bearing on the inboard or 

load-carrying face of the traplock groove. The surface area of the load­

carrying face is one of the parameters determining the strength of the joint 

or interface. The bearing area can be increased by increasing the height of 

the load-carrying face. However, the bearing stress which the composite 

material can support is relatively low (30 to 50 ksi). The diametral enve­

lope required by a single traplock groove can become quite large as the 

height of the load-carrying face is increased. Th~ diametral requirements} 

of the joint can be reduced by the use of multiple traplock grooves, but \ 

there is no efficient method known for determining the precise number of 

grooves necessary and such determination.s typically are arbitrary. In 

addition, the use of more than one traplock groove does not necessarily 

result in improved joint performance. It is desirable that all traplock \ 

grooves be equally reinforced and all traplock grooves carry an equal share 

of the load. If the interface is not designed properly, the load may not be--· 

distributed equally between the multiple traplock grooves. lt is possible to 

load any one traplock groove to failure before other traplock gro~ves 

carr~~icant load. . . . · 

stl1tf urther problems are encountered m designing such trap-

lock interfaces because a stiffness mismatch generally exists between the 

···-·-- - ------- -· 
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composite tube and the rigid end fitting which often is of metallic material. 
Tbis stiffness mismatch tends to concentrate the greatest share of the load 
on either the f~rthest inboard or the furthest outboard traplot~ groove, 
depending on whether the ~nd fitting or the composite tube has higher 

5 sectional stiffness-. If the fitting is stiffer than the composite tube, this 
difference in sectional properti~s sometimes can be lessened by the addi­
tion of localized. rei!lfC?rcements in the composite tu~e. However, this 
solution can becon:ie quite expensive and can result in a large joint diame­
ter relative to the tube body. 

10 

;....:.. 15 
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Still further problems are encountered in establishing and 
maintaining ·a pressure-tight seal between the composite tube and the end " 
fitting. This is particularly true if the composite tube has an interior Uner. 
A pressure-actuated (0-ring} seal, for instance, is not feasible because the 
fitting is encapsulated in the end of the composite tube during its fabrica-
tion. The flow of the resin prior to its consolidation precludes the forming 
in place of sealing features such as grooves or glands. Reliance on an 
adhesive bond between the end fitting and the tube liner is not reliable due 
to the differential movement in the axial direction that is inherent in trap­
lock system operation. As the fitting moves outboard under load, the liner "' material and adhesive typically cannot accommodate this differential move-
ment without cracking, tearing or unbending. 

The present invention is directed to solving the above myriad 
of problems by providing features at the interface between a filament 
composite tube and a rigid end fitting to enhance the properties and perfor-

25 mance of the components at the interface. 
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Summary of the Invention 

An object, therefore, of the invention is to provide a new and 

-"improved interface system between a filament composite tube and an end 
;' 

fitting. 

5 Another object of the invention is to provide a new and im-

10 

proved traplock system between an end of a filament composite tube and 

a generally hollow, rigid interior end fitting. 

A further object of the invention is to provide a new and im­

proved sealing system between a filament composite· tube and an end 

fitting, including a composite tube with an elastomeric liner. 
In the exemplary embodiment of the invention, the end fitting 

has an inboard end and an outboard end with a plurality of circumferential 

exterior grooves defining a plurality of traplocks spaced axially· between 

the ends. The wall thicknesses between the bases of the traplock grooves 

and the inside of the generally hollow fitting are different for at least some 

of the traplock grooves. The composite tube has filaments disposed in the 

traplock grooves of the fitting to lock the tube to the fitting. Preferably, 

the wall thicknesses at the bases of the traplock grooves increase from the 

traplock groove nearest the inboard end of the fitting to the traplock 

groove nearest the outboard end of the fitting. As disclosed herein, the 

wall thicknesses increase at a uniform rate. 

The traplock grooves have angled bearing faces which face 

toward the outboard end of the fitting and against which the filaments of 

the composite tube bear. The invention contemplates that the angles of 

25 the bearing faces be different for at least some of the traplock grooves. 

Preferably, the arigles increase from the trap lock groove nearest the in-
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board end of the fitting to the traplock groove nearest the outboard end of 

the fitting. As disclosed herein, the angles increase at a uniform rate . 

.- In a preferred embodiment, an elastomeric release layer is 
,;· 

disposed between the innermost filaments of the composite tube and the 

5 outside of the end fitting. The release layer is unbonded to the fitting. 

10 

~:. 15 

The filaments of the composite tube are compacted into the traplock 

grooves over the release layer. The filaments include axially extending 

filaments compacted into the groove by circumferentially extending fila­

ments. 

Another feature of the invention is the provision of an elasto­

meric seal between the inboard end of the end fitting and the inside of the 

filament comp/osite tube. In the exemplary embodiment of the invention, 

~he seal is generally Y-shaped in cross-section to define a pair Qf diverging 

·arms embracing the inside and the outside of the fitting at the inboard end 

thereof. Preferably, the composite tube has an interior elastomeric liner, 

and the Y-shaped seal defines a leg extending from the diverging arms, 

with the leg being unitary with the liner. The diverging arms of the seal 

and the end fitting may be provided with complementary interen_gaging 

tongue and groove locking means. 

· Other objects, features and advantages of the invention will 

be apparent from the following detailed description taken in con~ection 

with the accompanying drawings. 

Brief Description of the Drawings 

The features of this invention which are believed to be novel 

25 are set forth with particularity in the appended claims. The invention, to~ 

gether with its objects and the advantages thereof, may be best under-

'. 
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stood by reference to the following description taken in conjunction with 

the accompanying drawings, in which like reference numerals identify like 

' -eiements in the figures and in which: ,;· 

FIGURE 1 is a fragmented axial section through a composite 

5 tube/end fitting interface generally incorporating the systemof the inven­

tion; 

0 

5 

FlGURE 2 is a fragmented axial section through the tube/fit­

ting interface of a system having,a single traplock; 

FIGURE 3 is a fragmented axial section through a tube/fitting 

interface having three trapfocks; 

.~tGURE 4 is a fragmented axial section through a tube/fitting 

interface having a plurality of traplock grooves incorporating the detailed 

.features of the invention; 

FIGURE 5 is a fragmented axial section through a tube/fitting 

interface incorporating one embodiment of a seal according to the inven­

tion; and 

FIGURE 6 is a fragmented axial section through a tube/fitting 

interface incorporating a second embodiment of the seal. 

;I"' 

Detailed Description of the Preferred Embodiments 

20 Figure 1 shows the general configuration of a composite 

tube/end fitting interface, generally designated 10, with which the features 

of the invention are applicable. The interface includes a filament compos­

ite tube, generally designated 1 2, and a generally hollow, rigid interior end 

fitting, generally designated 14. The end fitting has an inboard end 14~ 

25 and an outboard end 14b. The end fitting is fabricated of such rigid mate­

rials as metal. The inset of Figure 1 shows that filament composite tube 

---------
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12 includes a plurality of layers of axial reinforcement fibers 16 sand­

wiched between a plurality of layers of circumferential reinforcement fibers 

,.,.. ~or hoops 18. An elastomeric liner 20 is disposed on the in,.de of the 

composite tube. The reinforcement fibers are compacted into a plurality of 

5 traplock grooves 22 near inboard end 14a of the· fitting, with the circum­

ferential reinforcement fibers 18 compacting the axial reinforcement fibers 

into the traplock grooves. Lastly, a seal, generally designated 24 and 

described in greater detail hereinafter, is disposed between composite tube 

12 and end fitting 14 at inboard end 14a of the fitting. 

10 

; . 15 

Throughout the figures, common reference numerals will be 

used to designated like components, such as the end fittings 14, the 
/ 

composite tubing 12, the axial reinforcement fibers 16 and the circumfer-

ential reinforcement fibers 18. Ther~fore, a common understanding should 

run through the entire description of the figures. 

With this understanding, Figure 2 illustrates the simplest and 

most common embodiment of a traplock joint or interface. Fitting 14 is 

provided with a single conical surface 26.. The diameter of the conical 

surface decreases toward the outboard end 14b of the fitting. During the 

manufacture of composite tube 1 2, axial reinforcement fibers 16 are 

placed over conical,surface 26. At the completion of each layer of axial 

reinforcements, the outboard end of the layer is compacted and captured 

against the conical surface by over-wrapping circumferential reinforcement 

fiber layers 18, forming what is referred to as a trap 28. A final layer 1 Sa 

of circumferential or hoop fibers are provided as a protective coating about 

25 the exterior of the composite tube. Inboard axial forces on composite tube 

12 and, therefo~e, the traplock joint are represented by arrows ''A". Out-

------

. A.#.MM AEJJ\4.J.AJJJJ8'! . a.z ; .;z ,r q .. 1"' •. j-e.t;:os~S.4.•, A )4s; ,$ .~\ -'~"'· ." 
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board axial forces on end fitting 14 and, therefore, the traplock joint are 

.- re19resented by arrows "B". 

- Generally, the features of the present inventi/n revolve 

around configuring multiple traplock geometries resulting in an equal shar-

5 ing of load between the multiple traplocks. The invention compensates for 

significant differences in the sectional properties of the metallic fitting and 

the composite tube. Subsequent to a straightforward sizing of gross 

traplock geometries based on strength requirements, the detailed fitting 

geometries are determinect based on finite element analysis of the joint, 

10 

~· 15 

resulting in an equal distribution of load between the multiple traplocks. 

· Before detailing the invention, an initial step should be·taken, 

relating to the sizing of end fitting geometries and composite trap rein­

forcement based on the strength requirements of the joint. A logical first 

step is to assume the use of a single traplock design as shown in Figure 2 

and described abov~. The following gross dimensions of the joint must be 

determined: 

(1) The diametrical envelope_ restrictions for the application 

are determined based on clearance or assem~ly re­

quirements. Most applications will require a minimum 

inside diameter and a maximum outside diameter. 

{2) The wall thickness of the fitting under the traplock -is­

sized to safely carry the tensile and pressure loads 

imposed on the composite tube. This should be done 

per the requirements of any codes that govern the 

25 design of the product. 

(3) The thickness of the axial reinforcement fibers in the 

joint is not limited to fibers 16 in the composite tube. 
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For instance, localized layers of axial reinforcement 
fibers, as at 16A in Figure 2 often are added over the 
length of the traplock. The composite mativi~I in the 
trap is aubiect to significant shearing and k<ml .. Qf~-
--. Q/ ~~~ti-, wr~ r~ s1on$ stress, generally resulting in lowfober strengths~.& 
than achievable in the composite tube. 

{4) The nominal ·thickness of the prot~btive outer layer of 
circumferential reinforcement fibers 18A, described 
above, also must be considered. 

(5) The required bearing area of the traplock is determined 
by dividing the required axial load by the allowable 
bearing strength of the composite material. The annu· 
Jar projected area of the load-bearing face 26 of the 
trapfock on a plane normal to the tube center-line must 
be equal to or greater than the calculated bearing area,. 
The depth of the traplock is allocated between the 
thickness of the axial reinforcement fibers 16 compact­
ed into the traplock and the circumferential reinforce­
ment fibers 1 8, which is referred to as trap fill. Since 
the'bearing strength.of most polymer composite mate­
rials is 10% to 20% of typical fiber tensile strengths, 
trap depths sized based on the required bearing area 
result in an adequate thickness of trap fill in the trap-

lock. 
25 Taking all of these parameters into consideration, the total 

wall thickness of the traplock joint configured with a single traJ:)lock face 
as shown in Figure 2, generally is the sum of the fitting wall thickness 

......... :..1!1111. ·""'' ""' .. ~'""".!'---..... - .. -~"'---...,,....~·· -·--·-~·· .. ----.---~-----·· . 
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under the traplock, the depth of the trapJock, and the thickness of axial 
and/or circumferential reinforcement fibers outside the traplock. If this 

,,. - ·total wall thickness is compatible with the diametral envelop~restrictions 
for the particular application of the tube/fitting interface, then a single 

5 traplock configuration as shown in Figure 2 and described above is appro­
priate. 

10 

However, in many applications, a single traplock configuration 
cannot be used without violating the diametral·restrictions. In such cases, 
a multiple traplock design is used as shown in Figure 3. Such multiple 
traplock designs can effectively reduce the wall thickness requirement of 
the tube/fitting joint or interface. In the simplest terms, by distributing the , . 
required bearing area between multiple traplocks, the total wan thickness· 
of the traplock joil"!t is reduced _because the depths of the traplocks are 
reduced. A simple approach might be to simply subdivide the area into the 

; . 15 least number of traplocks which will allow the joint to be configured with­
out violating diametral restrictions. A comparison of Figure 3 with Figure / 
2 illustrates how an equivalent bearing area can be achieved within a 

smaller wall thickness, in this case by using three traplocks. However, as 

-=-!! pointed out in the "Background", above, the use of more than one traplock 

does not necessaril.y'result in improv.ed joint performance and, in fact, it is 

possible to load one of the traplocks to failure before the other traplocks 
even carry significant load,rw~'h Jin~~ tsigns which simply find it 
expedient to increase the number of traplocks. 

On the other hand, it has been found important and the inven-
25 tion contemplates a particular sizing of the wall thickness of fitting 14 at 

the bottom of each traplock, based on the strength capabilities of the end 
fitting material. In those applications where the sectional moduli of the 

-- --------- - --

---· -,,,..._ ----------. ____ ... ..,.._ ~· .-"""!·----·-.--.. ,. .. ·~. _., __ ... ..,. ________________ ....... --~.....--~~ 



................ 

·AU.S. %. 

··-·····-··--··--····-·-····-· ........ . ... ··---· .. ··---------

cet No. 8021-L 

-12-

end fitting is greater than the sectional.moduli of the composite material of 

,,... -the tube, the wall thickness of the fitting at the bottom of e~h traplock 

should be the minimum required for strength requirements to minimize the 

stiffness mismatch between the fitting and the tube. 

5 According to the invention, Figure 4 shows a multiple traptock 

10 

~ .. 15 
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design with n traplocks. It can be seen that the end fitting wall under 

Traplock (n), thickness t", must be sized to carry the total axial load. 

However, the thickness of the end fitting wall under Traplock (n-1), thick­

ness tn_,, n:aay be sized to carry only that portion of the axial load trans-

ferred across traplock faces inboard of its location. The end fitting wall ,. 

under Traplock ( 1 ), thickness t,, may be sized to carrying only that portion 

of the axial load transferred across the inboard traplock face. (In the case 

of combined loadings, such as axial tension and internal pressure, the wall 

thickness must be sized taking all loads into account.) Conversely, if the 

end fitting material is much less stiff than the composite material, the end 

fitting wall thickness unde~ each traplock may be sized thicker than re-
, . 

quired from strength, a'gain to minirpize the stiffness mismatch between 

end fitting and composite. /-;.:,,,,,-;,,..,,:.-

In addition to the differences in the/wall thicknesses at the 
\?fi·C_5 -- . 

bottoms_ of the traplocks, the invention contemplates a multi-traplock 
< 
design in which the bearing. faces of the traplocks have different angles to 

achieve a stress equivalence between the traplocks. More particularly, 

once the gross geometries of the multiple traplock interface or joint have 

been determined based on strength and geometric requirements as de-

25 ~cribed in detail above leading up to a decision whether or not a single 

traplock (Fig. 2) configuration is appropriate, an iterative approach is used 

to achieve a design with equal load sharing between traplocks according 

------~-~ - M _.,. _____ ... _ I ... • <"f" 
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to the concepts of the invention. A unique featl!re of the invention is the 

,,,. .use of diff~r~.D! ~Dsles on the load-bearing faces of the individu; trapl~~ks 

to influence load s~aring between traplocks. The angle of the load-bearing 

face ,of C0r.~P-!9.9.k q~termines tb.e relationship._between..laa<!.lrn.o.sf~r.red 

5 C!_~r:oss t~e face and trre·· relative axial displacement of the end fitting and 

the filament composite at the traplock. Therefore, the use of different 

angles on the multiple traplocks influences the relative· displacement be­

tween traplocks and, consequently, the load sharing between the trap­

locks. The following describes a method by which an optimized combina-

10 

~ 15 

""'-J 20 

tion of angles for the load-bearing faces can be determined. 

Figure 4 illustrates the concept for a traplock joint with 'n' 

traplocks. As stated above, the overall joint geometry, including the 

amount of axial and circumferential material to be pla~ed in each traplock, 

is determined based on strength and geometric constr~ints. The extreme 

inboard trap lock is here referred to as Traplock ( 1), and e, is the angle on 

its load-bearing face. The extreme outboard traplock is here referred to as 

Traplock (n) I and en is the angle on its load-bearing face. A value for en 
is chosen, typically between 30° and 60°. A,, A2, ••• , A".2, .A,.., are given 

a value of 0°. The .behavior of the s_tructure under load is analyzed using 

the finite element method (or any other method which takes into account 

the relative stiffness of the fitting and composite in the axial and circum­

ferential directions). The load share between Trapfock (n) and Traplock (n-

1 ) is evaluated by comparing peak bearing stresses in the composite mate­

rial in the traps. For subsequent iterations, the value of An., (and hence e,..1 

25 := en-An.,) is vari_ed until the stress levels in TraplOck (n) and Traplock (n-1) 

meet the desired degree of equivalence. A sequence of iterations is then 
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performed for Traplock {n-2) and Traplock (n-3), and so on, until values 

,,,.. tor: 

and 

0, = Sn-An.1-An.2-... -A3-A2·.A,, 

02 = 8"-.A".,-A •. 2-... -A3-.A2, 

e •. 2 = e.-.An-2-.A"',, 

en.1 = e.-.A •. , 

are obtained .which result in an equal distribution of load across aJI traps. 

Another feature of the present invention, generally, is a seal 

configuration capable of compensating for a differential movement be­

tween end fitting 14 and composite tube 1 2 _without losing its integrity. 

The seal is in the form of a Y-shaped member, generally designated 24 in 

Figure 5. The Y-shaped seal is a thermoplastic member- and the material 

must be capable of large deformations without cracking ·or tearing. The 

use of materials exhibiting elongation at failure in excess of 200% is es-· 

sential to successful seal operation. The Y-shaped configuration of the 

seal defines a pair of diverging arms. 24a and 24b, along with a leg 24c. 

This geometry is configured for elastomeric materials where a high quality . 

adhesive bond can be produced between the seal material and the end 

fitting. Very good bonding can be achieved between elastomers and 

metals if the metal ~urface is properly prepared. Therefore, in Figure 5, 

the inboard end 14a of the fitting is machined with tapered lands 30 and 

25 32 respectively_ on the inside diameter and the outside diameter of the 

fitting. These lands are prepared for bonding so that when the elastorrieric 

seal is compression molded or injection molded onto the fitting, an adhe-

Tliis Sheet Ras B 

11/IR! 11/Ui!f 
I 71ct 1 ··---... -- ··-· 
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sive bond is created which prevents separation of the seal from the fitting. 

Ihe fitting, with the seal installed, is mounted on the mandrel that forms 

the inside surface of composite tube 12. During the fabric,tion of the 

composite tube, the uncured elastomeric liner 20 is applied to the entire 

surface of the mandrel and extends some distance outboard on the exterior 

surface of the seal. The composite tube then is created over the mandrel/ 

liner by filament winding and/or braiding. When the composite is cured, 

the liner is bonded to the seaf and a pressure-tight barrier is created to 

prevent the permeation qf contained fluids through the composite wall. 

Figure 6 shows a Y-shaped seal 24A that allows the use of 

seal materials which cannot be reliably bonded to fitting 14, such as high 

density polyethylene and polyamide (nylon). The inboard end 14A of 

fitting 14 is machined with locking grooves 34 and 36 respectively on the 

inside diameter and outside diameter of the fitting. The rocking grooves 

~' 15 
+ 

are wider than the mouths of the grooves, or the grooves may be dove­

tailed in·cross-section, to provide secure locking of mating ribs extending 

into the grooves from diverging arms 24a _and 24b of the seal. Actually, 

when the seal is injection molded onto the fitting, the thermoplastic materi-

~.J 
20 

al flows into the l~9king grooves and is mechanically retained in place. 

Prior to installation onto a mandrel, the seal/fitting assembly is fusion 

welded, as at 38, to an extruded liner 20, creating a pressure tight welded 

liner assembly. The welded liner assembly then is slid over the mandrel 

and the composite tube is fabricated over the assembly. 

Finally, referring back to Figures 2 and 3, a further feature of 

25 the invention is the provision of an elastomeric release layer 40 between 

the innermost filaments of composite tube 12 and the outside of end 

fitting 14. The release layer is unbonded to the fitting. This release layer 

-----------.----..... ~---------..... - ..... -·--~·-. 
·--- -. :- ----:-· 
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further compensates for differential movement between the fitting and the 

composite tube inherent to traplock operation. The release layer may be 

fabricated of such materials as rubber or the like. The release layer en-

~ sures that load is concentrated on the compression side or 16'°ad-bea~ing 
5 surfaces 26 of the traplocks. 

It will be understood that the irwention may be embodied in 

other specific forms without departing from tht. spirit or central character­

istics thereof. The present examples and embodi;"Tients, therefore, are to 

be considered in aff respects as iJJustrative and not restrictive, and the 

1 0 invention is not to be limited to the details given hereir~. 

~·· 

...... .,.;.P. Ji ..• "f& ... 1.:2 .!1i:; • • t -r-- ... --..._... ___ - · - · · · . -
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CLAIMS . 

.. 
1 . A traplock system between an end of a filamefrt compos-

2 ite tube and a generally hollow, rigid interior end fitting, comprising: 

said fitting having an inboard end and an outboard end. with 

4 a plurality of circumferential exterior grooves defining a plurality of trap-
G-R.Oove::. 

loc'ss' If Paced axially between said ends, and with the wall thicknesses 

6 between the bases of the traplock grooves and the inside of the generally 

holl~w fitting being different for at least some of the traplock grooves; and 

8 

2 

4 

2 

said filament composite tube having filaments disposed in the 

traplock gro'bves of the fitting to lock the tube to the fitting. 

2. The traplock system of claim 1 wherein said wall thick­

nesses at the bases of the traplock grooves increase from the traplock 

groove nearest the inboard end of the fitting t~ the traplock groove nearest 

the outboard end of the fitting. 

3. The traplock system of claim 2 wherein said wall thick­

nesses increase at a uniform rate. ,... 

4. The traplock system of claim 1 wherein said traplock 

2 grooves have angled bearing faces which face toward the outboard end of 

the fitting and against which the filaments of the composite tube bear, the 

4 angles of the bearing faces being different for at least some of the traplock 

grooves. 
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5. The traplock system of claim 4 wherein said angles of the 

2 bearing faces increase from the traplock groove nearest the inboard end of 

....-tbe .. fitting to the traplock groove nearest the outboard end of the fitting. ,,,. 

6. The traplock system of claim 5 wherein said angles of the 

2 traplock grooves increase at a uniform rate. 

2 

4 

2 

2 

2 

7. The traplock system of claim 1, including an elastomeric 

release layer between the innermost filaments of said composite tube and 

the outside of the end fitting, the release. layer being unbonded to the 

fitting. · 

k system of cla' e filaments of 

said com e compacted into the tra 

7 
8 ~ The traplock system of clairrv)( wherein said filaments 

include axially extending filaments compacted in the groove by circumfer­

entially extending filaments. 

'1 fi, The .traplock system· of claim 1 , including a flexible seal 

between the inboard end of said fitting end and the inside of the filament 

composite tube. 
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10 °' ,µ. The traplock system of claim ~ wherein said seal is 

2 ,,,,.. generally Y-shaped in cross-section to define a pair of diverging arms - / 
embracing the inside and the outside of the fitting at the inboard end 

4 thereof. 

II 10 · 
,J2. The trap lock system of claim yr wherein said composite 

2 tube has an interior ela~tomeric liner, and said Y-shaped seal defines a leg 

extending from said diverging arms, with the leg being unitary with said 

4 liner. 

2 
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I~ 
~ A traplock system between an end of a filament compos-

2 ite tube and a generally hollow, rigid interior end fitting, comP,rising: 
~- . 7 

said fitting having an inboard end and an outboard end with 

4 a plurality of circumferential exterior grooves defining a. pluratity of trap 

locks spaced axially between said ends, said traplock grooves having 

6 angled bearing faces which face toward the outboard end of the fitting and 

8 

10 

against which the filaments of the composite tube bear, the angles of the 

pearing faces being different for at least some of the traplock groovesi and 

said filament composite tube having filaments disposed in the 

traplock grooves of the fitting to lock the tube to the fitting. 

I .•WW 

2 

2 

~13. /{A. 
)Jf. The traplock system of claim j..t(°wherein said angles of 

the bearing faces increase from the traplock groove neare.st the inboard of 

the fitting to the traplock groove nearest the outboard end of the fitting. 

llf 13 
%. Th~ traplock system of claim'~ wherein said angles of 

: the traplock grooves increase at a uniform ~ate. 

15' J'2' 
;;T. Th~~raplock system of claim ~ncluding an elastomer-

ic release layer between the innermost filaments of said composite tube 

and the outside of the end fitting, the release layer being unbonded to the 

4 fitting. 

I' tllllll llllll lllll lllll:IHlll 
* C L H S * 

This Sheet Has Been Replaced 

. t 1111111 tlllll 11111111111 .. 

u l .• '"·'!..: .. < .. ~·-~~--:·: ... ~ .. :~ 2 .. H .. : ... .t. ..... Ot• .. s · --.~. -·--....--
. ~ . ·._ . is • . •• 



= :..=! 

k system of cl · 

2 e compacted into the tra s. 

/<o 12-%- The traplock system of claim )'ff wherein said filaments --2 include axially extending filaments compacted in the groove by cistumfer· 

·entially extending filaments. 

17 l 2.. 
JRf. The traplock system of claim)'(': including a flexible seal 

2 between the inbo~rd end of said fitting end and the inside of the filament 

composite tube. 

2 

4 
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--L..3. The trap lock system of ctaim 20 wh omp~site 

2 roei!c:~ero;~cli.~isuu~n~it~ary with the elastomeric 
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~ The traplock system of claim)'<wherein 

2 

4 

bJ rem suld wall thick-

~:J 
.(:;';. 

~;.: 
2 orm rate . 
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.f' ~ A sealed interface between a filament composite tube 

2 and a rigid interior end fitting, comprising: 

4 

... said filament composite tube having an inside wall· and a 

distal end; 
./ 

said end fitting being located within ~he tube at said distal end 

6 therebf, the fitting including an inboard end and an outboard end; and 

a flexible seal between the inboard end of the end fitting and 

8 the inside wall of the filament composite tube, the seal being generally Y­

shaped in cross~section to define .a pair of diverging arms embracing the 

10 inside and the outside of the fitting at the inboard end thereof. 

2 

4 

2 

20 1q 
fl, The-sealed interface of claim ... ~ including complementa-

. _,.. 

2 ry interengaging tongue-and-groove means between the diverging arms of 

the Y-shaped seal and opposite sides of the inboard end of the fitting. 

2 

interface of cl · rem the grooves of 
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