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[57] ABSTRACT

A lightweight composite fiber wound tubular member
or casing, such as a rocket motor case, has one or more
openings formed through one end portion of the wall
thereof by orienting the filaments or fibers around each
opening to provide reinforcement for loads apphed to
fasteners passing through said openings. The orientation
of the filaments or fibers is such as to receive and trans-
fer loads applied to the walls of the openings in the
tubular member in a direction substantially parallel to
the axis of the tubular member. A method of manufac-
turing the tubular member is disclosed which includes
winding the filaments or fibers along a helical path and
around the area defining each opening, together with

the apparatus for performing the method.

20 Claims, 8 Drawing Figures
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LONGITUDINAL LOAD CARRYING METHOD
FOR FIBER REINFORCED FILAMENT WOUND
STRUCTURES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to lightweight composite fiber
or filament wound tubular members and, more particu-
larly, to tubular members having continuous fibers or
filaments wound around an area to define an opening in
the side of the tubular member s0 as to orient such fibers
around the opening so that the fasteners which pass
through these openings apply loads which can be car-
ried in tension by the continuous fibers and a method
and apparatus for manufacturing such tubular members.

2. Description of the Prior Art

Fiber or filament wound pressure vessels, casings or
tubular members have been known and used for several
years and are in particular demand because of their
lightweight, high strength characteristics. In using the
casings or tubular members with other items, such as
with a nozzle of a rocket, or any other type of end
closure, it 1s necessary to attach the casing to the metal
end of the item. Several attaching methods have been
tried, such as drilling a plurality of openings through
the one end portion of the wall of the casing through
which pins or bolts were passed for attachment to the
metal end of the nozzle. This attachment failed, due to
the failure of the resin system used to bond the fibers to
one another. The resin bond of fiber to fiber is not capa-
ble of carrying large loads therefore the pins or bolts
were pulled out through this relatively weak fiber rein-
forced resin.

Another method of attaching a casing to a metal tube
or to another casing i1s to provide interior or exterior
threads on the casing which are threaded to a sleeve or
collar on the tube or other casing. These forms of at-
tachment, likewise, failed before the desired loads could
be transferred from the one casing to the other.

Still another known method of attachment provided
for forming a continuous recess in the casing near one
end thereof into which a flange on a connector project-
ing from a tube seats and is clamped therein by a split
ring clamp. This attachment also failed to meet the
required transfer of loads from one casing to another.

A further method of reinforcing the wall of a fiber
wound pressure vessel in the vicinity of an opening
drilled therethrough is to place between each layer of
fiber a ring of concentrically wound fiber with the
openings in each ring aligned so that the fiber wound
vessel can be drilled in line with the openings in the
rings. The resulting vessel has better pressure rupturing
capacity, but 1t is still far short of that desired.

SUMMARY OF THE INVENTION

I have discovered that by winding the resin coated or
impregnated fibers around a mandrel and around pegs
on the mandrel, which pegs define the size and location
of one or more desired openings in the wall of the cas-
Ing, a tubular member or casing can be produced having
the walls of the openings therethrough that will not puli
out or shear from the body of the vessel. It is known
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that fiber wound casings have in the past had junctions
or attachments such that the load transfer was in the
shear mode and, when holes were drilled in the walls of
the casings, the shear strength of the fiber/resin com-
posite was relatively low resulting in the junctions or
attachments failing under load.

My improved apparatus and the method of manufac-
turing casings on said apparatus, produces casings that
have continuous fibers laid up tn a pattern to produce a
structure whereby forces applied to a part of the casing
are transferred substantially along the length of the
fibers resulting in stronger and better casings. That is, as
the fibers are wound in a helical pattern around a man-
drel and as the fibers approach each peg defining an
opening, the angle between the axis of the fiber and the
longitudinal axis of the casing is kept as small as possible
so that forces applied to the fibers will be substantially
longitudinal tensile forces. In this way, the completed
casing has the plural layers of fibers wrapped continu-
ously around the one side of the holes in the casing and
extend substantially longitudinally with respect to the
axis of the casing so that fasteners through the openings
and connected to a tube or another casing can transmit
high loads without pulling out the walls of the openings
in the casing.

Therefore, this invention provides an efficient
method for transferring forces in a direction parallel to
the axis of the casing by means of the fibers forming one
wall of an opening in the casing receiving the forces and
transferring said forces into said tubular structure. A
method for orienting the fibers at or near the open end
of a tubular casing is disclosed which orientation can be
accomplished by using a filament winding method that
produces a casing having a series of holes around the
circumference of the part with the walls of said holes
being capable of receiving and transferring large magni-
tudes of forces from the mating hardware into the cas-
ing. A very high percentage of structural properties of
a filament wound casing is as a result of the strength of
the reinforcing fibers, which are only structurally effi-
cient when carrying a tensile load. The invention pro-
vides for the continuous reinforcing fiber being oriented
to pass around the periphery of each of the holes at or
near the open end of the tube. These holes then provide
a means whereby another piece of mating structure can
be attached by a pin or bolt through the hole and any
load transfer between the tube and the mating structure
will be transferred through the pin directly into the
reinforcing fibers which are wrapped around the hole
so the fibers may carry the transferred load 1n a direct
tensile mode.

BRIEF DESCRIPTION OF THE DRAWINGS

The details of construction and operation of the in-
vention are more fully described with reference to the
accompanying drawings which form a part hereof and
in which like reference numerals refer to like parts
throughout.

In the drawings:

FIG. 1 shows a bazooka-like apparatus containing a
projectile which has a casing attached thereto accord-
ing to my invention;

F1G. 2 1s an enlarged, partially broken away and
sectioned, casing or tubular member made according to
my Imnvention;

FIG. 3 15 an end view looking at the left end of FIG.
2;
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FIG. 4 is an end view looking at the left end of F1G.

6;

FIG. § is a partial view of a casing having a portion
broken away and with a pin aligned with one of the
openings;

F1G. 6 is an elevational view, partially broken away,
of an insert for use in the end of FIG. §;

FIG. 7 is an exploded perspective view of the casing,
insert and one pin according to my invention; and

FI1G. 8 is an apparatus for winding the reinforcing
fibers to arrive at a structure of a tubular casing having
holes formed around the circumference of one end
thereof.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In a preferred embodiment of the invention, a fiber
wound casing 10, made according to my invention, is
shown in FIG. 1 attached to a warhead 12 which is
illustrated as positioned in a launch tube 14. The fiber
wound tubular casing 10 is comprised of a plurality of
layers 16 of reinforcing resin impregnated fiber matenal
18 which is continuously wrapped or wound m layers
around a mandrel until the desired thickness is obtained.
The casing 10 is then processed so that a lightweight
tubular member of high strength characteristics is pro-
duced.

In order to attach the tubular casing 10 to a warhead
12 or to another tubular casing, it has been found that a
plurality of openings 20 must be formed through the
wall 22 of the casing near one end portion 24 of said
casing 10. Each reinforcing fiber 18 used to build up the
requisite thickness and strength of the cylindrnical wall
of the casing, is composed of glass, graphite, metal,
carbon, boron, Kelvar (a trademark of DuPont Com-
pany) or other synthetic materials. The fibers are coated
or impregnated with resin which may be a thermoplas-
tic resin or a thermosetting resin. Typical resins for
coating or impregnating said fiber would be epoxy,
polyester, melamine or the like.

A cylindrical mandrel 30, such as shown in FIG. 8, 1s
provided with an appropriate number of pegs 32 formed
in a ring around the outer circumference of the cyhindn-
cal mandrel 30. The pegs 32 are equally spaced apart a
predetermined distance. Each peg 32 will define the
space for one opening 20 that is desired to be formed
through the wall 22 of the tubular casing 10. The cylin-
drical mandrel 30 is rotated and moved or shifted axi-
ally in a programmed manner so that a filament or fiber
18, which is initially held against the mandrel 30 at a
location 34, will follow a helical path along the surface
of the tubular member 30 with the angle “A” of the
helix decreasing as it approaches one of the pegs 32
projecting from the mandrel 30. The filament of fiber 18
is passed around one of the pegs 32 and 1s drawn in the
reverse direction around the mandrel 30 to follow a
helical path of gradually increasing angle until the point
34 is reached, whereupon the direction of the fiber 18 is
again reversed. The resin impregnated fiber 18 is
wrapped back and forth around the mandrel 30 each
time passing around one other peg, preferably the next
peg adjacent to the previously circled peg. After one
complete layer 16 of filaments or fibers 18 has been laid
up, another layer is commenced which will have a
slightly different helical angle “A" as it approaches the
pegs 32 so that it will approach the pegs 32 at a slightly
increased angle with respect to the longitudinal axis of
the tubular member. After the requisite number of lay-
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4
ers 16 of filaments or fibers 18 have been laid up on the

cylindrical member, the multilayered fibers are cured or
set. The pegs 32 are then removed from the mandrel 30
whereupon the mandrel is stripped from within the
lightweight fiber wound tubular member or casing 10.
The casing 10 will have a predetermined, equally
spaced apart number of openings 20 formed In a ring
around one end portion 24 of the casing 10. Each fiber
18 forming the layers 16 of fibers 1n the casing 10 will be
continuous and will wrap around and form one wall 26
of each of the openings 20 through the one end portion
of the casing 10.

In winding the filaments or fibers 18, such as shown
in FIG. 8, it has been found that even though the small-
est possible angle “A™ between the fiber or filament and
the centerline of the tubular member or casing 10 is
desirable, the angle is limited. Also, it has been found
desirable that the angle “A’ varies from layer-to-layer,
so that the thickness of the build up of fiber matenal
between the pegs 32 and the end of the tubular member
or casing will not become excessive. In one operative
example, the angle “A”’ between the fiber and the axis of
the mandrel 30 was vaned from approximately 27° to
approximately 47°. The fibers 18 passing around each
peg 32 spread out from layer-to-layer thereby produc-
ing a functional and operative structure around each
peg 32 and, ultimately, produced the load bearing wall
of each opening through the wall 22 of the tubular
member or casing 10. Each successive layer of filament
winding approaches each peg at an angle shightly
greater than the angle of the previous filament layer
until the angle is a predetermined maximum. Thereafter,
each layer of filaments is laid up with a smaller angle
than the previous layer has formed until a predeter-
mined minimum angle is reached.

An insert 40, such as shown in FIG. 6, is shaped to fit
within the open end of the tubular member or casing 10
and has a circumferential series of equally spaced apart
openings 42 which are adapted to align with the open-
ings 20 in the end of the tubular member or casing 10.
The warhead 12, of a rocket or the tail portion 44 of
same, is fit into the recessed slot 46 formed in the nside
of the insert 40 with a plurality of smaller diametered,
aligned openings 48 formed therethrough and posi-
tioned to align with the openings 42 in the insert and the
openings 20 in the tubular casing 10. A requisite number
of pins 50 having step-down diameters are provided
with the larger diameter portion 52 nesting in the open-
ings 20 in the tubular member or casing 10 and openings
42 in the insert 40 with the step-down smaller diameter
portion 54 fitting into the opening 48 in the end portion
of the tail portion 44 of the warhead 12. An encasing
sleeve 56 is fit around the outer periphery of the end
portion 24 of the tubular member or casing 10 and bears
against the end portions of the pins 50 so as to hold the
pins assembled in the tubular member or casing 10 in the
insert 40 and in the tail portion 44 of the warhead 12. In
this way, a solid, substantially fail proof connection
between the lightweight tubular member or casing 10
and the warhead 12 is provided.

It has been found that the fiber glass resin wound
tubular member or casing is much stronger for the
weight of the member and is less expensive to manufac-
ture. As for aging, only metal is more age resistant, but
metal is more expensive, more difficult to machine and
is heavier. Aeroballistics requires light weight, there-
fore, fiber wound tubular members are the only mem-
bers capable of maintaining the requisite gas pressure
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within the weight limits and, my improved fiber wound
rubular members with attachment openings are the only
members that are capable of withstanding the requisite
longitudinal loads. A number of different types of tubes
have been made up and have been tested for the amount 5
of force capable of being transmitted through the at-
tachment section of one fiber wound tubular member to
another fiber wound tubular member or to a metal
member. The following is a tabulation of the results:

(1) For integrally wound holes according to the pres-
ent invention:

F equaled approximately 25,000 pounds.

(2) For bonded structures: assuming an average bond
strength of 2,000 psi in a joint length of 1 inch,

F equaled 14,000 pounds.

(3) For integrally threaded structure: assuming 3,000
psi for 0.75 inch length along axis,

F equaled 16,000 pounds.

(4) For drilled holes: it was only possible to estimate
the loading which appeared to be approximately one-
half the load of the integrally wound holes or

F equaled approximately 12,000 pounds.

In summary, the forces transmitted using bonded
structures, integral threaded structures and drilled holes
of approximately 14,000, 16,000 and 12,500 are not con-
cidered sufficient for a reliable joint. The loading for the
joint using my improved integrally wound hole struc-
ture of 25,000 pounds is considered to be a highly reli-
able joint.

Although the attachment of the tubular member with
the warhead of a rocket has been shown and described
hereinabove, it should be recognized that the present
invention is capable of use in many different areas. For
instance, when fiber wound tubular members or casings
made according to my invention are connected to-
gether, a highly reliable joint is produced that is capable
of transmitting extreme loads from one casing to the
other without failure of the fiber material that is being
used to make up the area between the wall of the open-
ing and the end wall of the casing.

Il claim:

1 In a method of manufacturing a lightweight fila-
ment wound casing having connector openings at one
end comprising the steps of:

(1) preparing a cylindrical mandrel by inserting a 45
predetermined number of radially projecting,
spaced-apart pegs near one end portion thereof,

(2) rotating said mandrel as it is moved longitudinally
in one direction,

(3) feeding a continuous resin impregnated filament
to the surface of said mandrel! to lay the filament up
in a helical form,

(4) controlling the speed of the longitudinal move-
ment so as to decrease the angle the filament makes
with respect to the longitudinal axis of the mandrel
as the fiber approaches the area of the pegs and
increase the angle as the filament leaves the area of
the pegs, said filament being passed around one of
said pegs as the direction of longitudinal movement
is reversed, the filament being laid up along a heli-
cal path around the mandrel back to a starting
point, each layer of filaments including at least one
pass around each peg in said mandrel;

(5) curing the wound casing,

(6) removing the pegs from the mandrel; and,

(7) removing the casing from the mandrel.

2 In the method of manufacture of claim 1 wherein

the longitudinal movement of the mandrel 1s such as to
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produce an angle between the filament and the axis of
the mandrel of 27°.

3 In the method of manufacture of claim 1 wherein
the longitudinal movement of the mandrel is such as to
produce an angle between the filament and the axis of
the mandrel varying from 27° to 47".

4. In the method of manufacture of claim 1 wherein
the longitudinal movement of the mandrel is such that
each filament of the first layer of filaments will have an
angle of approximately 27° with respect to the longitu-
dinal axis of the mandrel, each filament of each succes-
sive layer of filaments having a slightly increased angle
with respect to the longitudinal axis until a maximum
angle of approximately 47" 1s reached.

5 In a method of manufacturing a lightweight fila-
ment wound casing having connector openings at one
end comprising the steps of:

(1) preparing a cylindrical mandrel by inserting a
predetermined number of radially projecting, cir-
cumferentially equally spaced-apart pegs therein,

(2) rotating said mandrel as 1t 1s moved longitudinally
first in one direction and then in reverse,

(3) connecting a continuous resin coated filament to
said mandrel, said rotating and longitudinal move-
ment of the mandrel will lay the filament up in a
helical path so that the angle of the filament to the
longitudinal axis of the mandrel is relatively small
as the filament approaches one of said pegs,

(4) controlling the speed of the longitudinal move-
ment so as to decrease the angle the filament makes
with respect to the longitudinal axis of the mandrel
as the filament approaches the area of the pegs and
increases the angle as the filament leaves the area of
the pegs and, said filament being passed around
said peg as said longitudinal movement of the man-
drel is reversed, the filament being laid up along a
helical path around the mandrel back to a starting
point, each layer of filaments including at least one
pass around each peg in said mandrel,

(5) wrapping said filament along a helical path around
the mandrel back toward the area where the wind-
ing was initially started, each layer of filaments
including at least one pass around each peg in said
mandrel, each successive layer of filaments having
the filaments approach each peg at an angle slightly
greater than the angle of the previous layer until
said angle is a predetermined maximum, thereafter
each layer of filaments is laxd up with a smaller
angle than the previous layer until a predetermined
minimum angle is reached,

(6) curing the wound casing,

(7) removing the pegs and then casing from the man-
drel.

6. In a method of manufacturing as claimed in claim 3
wherein said maximum angle is approximately 47° and
said minimum angle is approximately 27",

7. In a method of manufacturing a lightweight filament
wound casing having connector openings in at least one end
comprising the steps of:

(1) preparing a casing core having an axis by inserting a
predetermined number of projecting pegs spaced apart
about said axis near an end portion of said core 10
form said connector openings; |

(2) rotating said core about said axis as said core 1s
moved in one direction substantially parallel to said
axis,



Re. 30,489

7

(3) feeding a continuous resin impregnated Silament to
the surface of said core to lay the filament up in a
nelical form at an angle with respect to said axis,

(4) controlling the speed of the movement of the core so
as 1o decrease the angle the filament makes with
respect to said axis of the core as the fiber approaches
the area of the pegs and increase the angle as the
filament leaves the area of the pegs, said Jilament
being passed around one of said pegs as the direction

of the movement of the core relative to its axis is re- 10

versed, the filament being laid up along a helical path

around the core back to a starting point, each la yer of

Slament including at least one pass around each peg
in said core to orient said filaments in a formed and
cured casing so as to receive and transfer loads applied
to the walls of said openings in a direction substan-
tially paralle! to said axis;

(3) curing the wound casing,

(6) removing the pegs from the core: and

(7) removing the casing from the core

8. In the method of manufacture of claim 7 wherein the
movement of the core Is such as 1o produce an angle be-
tween the filament and the axis of the core of 27"

9. In the method of manufacture of claim 7 wherein the
movement of the core is such as to produce an angle be-
tween the filament and the axis of the core varying from
27" to 47°,

10. In the method of manufacture of claim 7 wherein the
movement of the core is such that each filament of the first
layer of filaments will have an angle of approximately 27°
with respect to the axis of the core, each filament of each
Successive layer of filaments having a slightly increased
angle with respect to the axis until @ maximum angle of
approximately 47° is reached.

Ii. In a method of manufacturing a lightweight fila-
ment wound casing having connector openings in at least
one end comprising the steps of

(1) preparing a casing core having an axis by inserting a
predetermined number of projecting pegs spaced
equally about said axis in said core;

(2) rotating said core about said axis as said core is
moved first in one direction relative to its axis and
then in the opposite direction,

(3) connecting a continuous resin coated filament to said
core, said rotation and movement of the core laying
the filament up in a helical path at an angle with
respect lo said axis of the core so that the angle is
relatively small as the filament approaches one of said
pegs;

(4) controlling the speed of the movement of the core so
as to decrease the angle the filament makes with
respect to the axis of the core as the filamens ap-
proaches the area of the pegs and increase the angle as
the filament leaves the area of the pegs, said Stlament
being passed around one of said pegs as the direction
of the movement of the core relative to its axis is re-
versed,

(3} wrapping said filament along a helical path around
the core back toward the area where the winding was
tnitially started, each layer of filaments including at
least one pass around each peg in said core each
successive layer of filaments having the filaments
approach each peg at an angle relative to said axis of
the core slightly greater than the angle of the previous
layer until said angle is a predetermined maximum,
thereafter each layer of filaments being laid up with a
smaller angle than the previous layer until a predeter-
mined minimum angle is reached to thereby orient
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said filaments to receive and transfer loads applied to
the walls of said openings in a direction substan tially
parallel to said axis in a fully formed and cured cas-
ng;

(0) curing the wound casing; and

(7) removing the pegs and then the casing from the core.

12. In a method of manufacturing as claimed in claim
11 wherein said maximum angle is approximately 47° and
said minimum angle is approximately 27°.

13. In a method of manufacturing a lightweight fila-
ment wound casing having connector openings in at least
one end comprising the steps of-

(1) preparing a mandrel having an axis by inserting a
predetermined number of projecting pegs spaced
about said axis near one said portion of said mandrel
to form said connector openings;

(2) feeding a continuous resin impregnated filament to
lay the filament up in a helical form at an angle with
respect lo said axis of the core beginning at a starting
pornt on said mandrel and progressing in the direction
of said axis toward said pegs;

(3) decreasing the angle said filament makes with re-
spect to said axis as said filament approaches said pegs
and increasing the angle said filament makes with
respect to said axis as said filament leaves said pegs,
said filament being passed around one of said pegs
and the direction of relative movement between said
Jilament and said mandrel in relation to the axis of
the core being reversed so that said filament is laid up
along a helical path around said mandrel back to said
Starting point to form said wound casing and to orient
said filaments so as to receive and transfer loads ap-
plied to the walls of said openings in a direction sub-
stantially parallel to said axis in a formed and cured
casing;

(4) curing said wound casing on said mandrel-

(3) removing said pegs from said mandrel: and

(6) removing said wound casing from said mandrel

14. The method of manufacture as defined in claim 13
wherein the movement of the mandrel is such as to produce
an angle between the filament and the axis of the mandrel
of 27°.

15. The method of manufacture as defined in claim 13
wherein the movement of the mandrel is such as to produce
an angle between the filament and the axis of the mandrel
varying from 27° to 47",

16. The method of manufacture as defined in claim 13
wherein the movement of the mandrel is such that each

Silament of the first layer of filaments will have an angle of

approximately 27° with respect to the axis of the mandrel
each filament of each successive layer of Jilaments having
a slightly increased angle with respect 1o the axis of the
mandrel until @ maximum angle of approximately 47° s
reached.

17. The method of manufacture as defined in claim 13
wherein said axis of said mandrel is the longitudinal axis
thereof and wherein said filament and said mandrel un-
dergo relative longitudinal movement.

18. In a method of manufacturing a lightweight fila-
ment wound casing having connector openings in at least
one end comprising the steps of-

(1) preparing a casing core having an axis by inserting at

least one projecting peg near one end portion thereof to
Jorm a connector opening,

(2) feeding a continuous resin impregnated Sfilament 10
the surface of said core to lay the filament up in a
helical form at an angle with respect to said axis of the
core beginning at a starting point on said core and
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said opening in a direction substantially parallel to

progressing in the direction of said axis toward said _ L .
said axis in a formed and cured casing;

PEs, ‘ * _ (4) curing said wound casing on said core;
(3) decreasing the angle said filament makes with re- (5) removing said peg from said core; and
spect to said axis as said filament approaches said peg 5 (6) removing said wound casing from said core.
and increasing the angle said filament makes with 19. The method of manufacturing as defined in claim 18

wherein the relative movement between said filament and
said core is such as to produce an angle between said fila-
ment and said axis of said core varying between a maxi-
direction of relative movement between said filament 10 mum angle of approximately 47° and a minimum angle of

and said core in relation to said axis of the core being approximately 27"

reversed so that said filament is laid up along a helical 20. The method of manufacturing as defined in claim 18

" nd said core back to said starting point 1o wherein said axis of said core is the longitudinal axis
pd arc?u ’ CO_ ¢ * | R thereof and wherein said filament and said core undergo
form said wound casing and to orient said filament 50 s yelative longitudinal movement.

as to receive and transfer loads applied to the wall of ¥ ok ko *

respect 1o said axis as said filament leaves said peg,
said filament being passed around said peg and the
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