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TITLE. PROCESS FOR REDUCING WRINKLES IN COMPOSITE

LAMINATED STRUCTURES

TECHNICAL FIELD

The present invention relates to manufacturing processes that use adhesive or

chemicals, and more particularly to such processes that are used to manufacture

composite laminated structures.

BACKGROUND ART

This invention pertains to manufacturing processes that use adhesive or

chemicals, and more particularly to such processes that are used to manufacture

composite laminated structures.

2. Description of the Related Art:

Manufacturing parts using composite laminated materials is becoming more

popular. In many instances, the structural qualities of composite laminated material

match or exceed the structural qualities of metals. Durability of parts made of

composite laminated material may also exceed parts made of metal. In most

instances, the weight of parts made of composite laminated material may be less than

parts made of metal.

Parts made of composite laminate material consist of a plurality of thin

laminated layers, called plies, placed on a male tool (usually in a mold or around a

mandrel). Once the part is formed, the laminated plies are cured at a predetermined

temperature and for a predetermined time period to prepare the final part. The

number of cures varies for the composite material used and the structural

characteristics required.

One drawback with current composite laminated processes is that random



wrinkles are sometimes created in the part due to compaction during the cure which

wrinkles can impact the structural performance and/or cosmetic appearance of a

laminated composite structure.

DISCLOSURE OF THE INVENTION

A wrinkle control process for manufacturing composite laminate structures on

a tool cured under temperature and pressure. The process includes the step of

creating a plurality of depressions at predetermined circumferential and ply locations

in the laminated composite structure. The depressions are created by depression

forming elements spaced apart on selected plies. The depression forming elements

have a predetermined size and may be made of material designed to create a

depression, alone or combined with pressure intensification techniques, in the

underlying plies. The number of depression forming elements used in the laminate

being determined by the following equation: N = (OPL - OPC) and divided by (Li -

Lj), where OPL is outside perimeter length of the composite structure after lay-up and

prior to curing , OPC is the outside perimeter length of the composite structure after

lay-up and after curing, Li is the linear length of the composite segment formed by a

depression and Lj is the theoretical length of the composite segment without the

depression (as if no depression were formed). The above equation may be used with a

closed tubular or non-tubular structure. The above equation may also be used on a

hybrid structure made up of a tubular or non-tubular section. The depressions may be

left unfilled or be partially or completely filled during or after the creation of the

depressions. The process may be repeated until the desired composite structure is

manufactured.



BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of a tubular, composite structure found in the prior

art with a plurality of random wrinkles formed on its exterior surface.

Fig. 2 is a perspective view of a tubular composite laminate structure with a

plurality of longitudinally aligned depressions created during cure by depression

forming elements which have been removed.

Fig. 3 is an end elevational view of a tubular composite structure mounted on

a male tool showing the relative locations of a plurality of depressions formed on an

interior ply.

Fig. 4 is an end elevational view of a rectangular composite structure mounted

on a male tool showing the relative locations of a plurality of depressions formed on

an interior ply.

Fig. 5 is a side elevational view of a tubular composite structure denoting the

location of the OPL (ODL) and the OPC (ODC) of a tubular composite structure.

Fig. 6 is an exploded elevational view of the tubular composite structure

showing in Fig. 5 showing the segment of the composite structure that forms a

depression in greater detail.

Figs. 7A -1C is a flow diagram of the wrinkle control process described herein

BEST MODE FOR CARRYING OUT THE INVENTION

Disclosed herein is a wrinkle control process of manufacturing closed cross-

sectional, composite laminated structures on a tool cured under temperature and

pressure. The process is specifically designed to eliminate random wrinkles or similar

imperfections formed in the laminate or on the exterior surfaces of a closed cross-

sectional structure, tubular or non-tubular structure that undergoes compaction during

the curing stage, as shown in Fig. 1.



The process of manufacturing a composite structure 11 includes the step of

creating or building a laminated structure on a male tool 80, such as a mold or

mandrel, and then curing the structure 11 using pressure and heat. The size and shape

of the structure 11 the type of composite material used, the thickness of each ply, the

number of plies 12-18 and the number of curing steps depends on the structure's

application-specific, design requirements.

As shown in Fig. 2, the process includes the step of creating a plurality of

depressions 45 at predetermined locations and depths in the stack up. The depressions

45 are created by depression forming elements 50 strategically spaced

circumferentially on a selected ply. The depression forming elements 50 create

depressions 45 in the underlying plies alone or combined with pressure intensification

techniques. The depression forming elements 50 may be made of material designed

to remain in the composite structure 11, or designed to be removed from the

composite structure 11 after curing. In each instance, a depression 45 is created by

each depression forming element 50. Such depression 45 may be left unfilled or be

partially or completely filled. The size, shape, and type of depression forming

elements 50 are selected based on the capability of reliably forming depressions 45 in

underlying plies at selected locations when cured.

In the first embodiment, the composite structure 11 is made of carbon with an

epoxy matrix. The structure 11 is made of plurality of plies only (four shown 12-18)

with each ply measuring approximately 0.1 mm to 0.5 mm in thickness. The

depression forming elements 50 are thin, longitudinally aligned structures usually

circular in cross-section. Prior to cure, a plurality of linear elements 50 are

circumferentially spaced and axially aligned over the outside surface of the ply stack-

up. In some applications, a single placement of depression forming elements 50 at a



selected ply followed by curing is sufficient. In other applications, multiple

placements of depression forming elements 50 at several ply locations followed by

curing are needed.

The depression forming elements 50 may be located at any circumferential

location. The precise location of the depression forming elements 50 is usually limited

by geometry considerations, method of attachment; maximum number of cures,

maximum or allowed depth of depressions, perimeter spacing, lay-up guidelines,

cosmetics and other application-specific design requirements.

Examples of maturity that may be used as depression forming elements may

include the following:

The depression forming elements can be of changeable size, shape, material

and type along their length. They may be made of metallic, non-metallic material or a

combination thereof. The depression forming elements may be made of un-cured or

cured composite material. As stated above, the depression forming elements may be

removable or retained in the laminate structure.

The process may be used to manufacture closed cross-sectional composite

strucutures, including but not limited to the circular or tubular structures as shown in

Figs. 2, 3, 5 and 6, or square or rectangular cross-sectional structures 11' made of a

plurality of laminated plies placed around a male tool 80' as shown in Fig. 4. In Fig.

4, depressions 45 have been formed in the laminate that which may be filled with

suitable material 60. It should be understood, that the process may be used to make

hybrid structures made of a combination of tubular or non-tubular sections.

The total number of depression forming elements 50 used in a structure 11 is

based on the following equation: N (the number of depression forming elements

used) being determined by the following equation: N = (OPL - OPC) and divided by



(Li - Lj), where OPL is outside perimeter length of the composite structure after lay-

up and prior to curing. OPC is the outside perimeter length of the composite structure

after lay-up and after curing, Li is the linear length of the composite segment formed

by a depression and Lj is the theoretical length of the composite segment without the

depression (as if no depression were formed). The above equation may be used with

either tubular or non-tubular structures. When used with tubular composite structures,

the equation is N = π (ODL - ODC) ÷ (Li - Lj), where ODL is the outside diameter of

the composite structure after lay-up and prior to curing, ODC is the outside diameter

of the composite structure after lay-up and after curing, Li is the linear length of the

composite segment formed by a depression and Lj is the theoretical linear length of

the composite segment without a depression (as if no depression were formed).

In summary, the wrinkle control process for closed cross-sectional, composite

laminate structure, comprises the following steps:

a. selecting a male tool for manufacturing a closed, cross-sectional,

composite laminate structure having a desired shape and size;

b. selecting a composite laminate structure to manufacture using said

male tool;

c. determining the type of laminate material, the number of plies and the

stack-up sequence needed to manufacture said composite laminate structure;

d. determining the number of cure cycles to manufacture said composite

laminate structure and number of plies to be compacted in a single cure, said number

of cure cycles and number of plies shall be based on one or more of the following

considerations: the geometry considerations of the structure, the method of

attachment, the total maximum number of cures to be used in manufacturing said

composite laminate structure, the maximum depression depths and perimeter spacing



of depression forming elements, the lay-up guidelines, the cost, and the cosmetics

features;

e. selecting the size, shape, material, and type of at least one depression

forming element capable of forming a depression;

f. determining the linear length of the depression segment formed by a

depression forming element (Li ) and the theoretical linear length of the

corresponding composite segment without the depression (Lj);

g. determining the perimeter length of the composite laminate structure

after lay-up and prior to cure (OPL);

h determining the perimeter length of the composite laminate structure

after lay-up and after cure (OPC);

i . determining the number of depression forming elements each capable

of forming a depression in underlying plies of said composite laminate structures

during cure; the number 'N' of strategically placed depression forming elements

being determined by the following equation N = (OPL - OPC) ÷ (Li - Lj); and,

j . forming plies around male tool to create said composite laminate

structure and placing the number 'N" of depression forming elements, strategically

spaced on said composite laminated structure.

In compliance with the statute, the invention described herein has been

described in language more or less specific to structural features. It should be

understood however, that the invention is not limited to the specific features shown,

since the means and construction shown, is comprised only of the preferred

embodiments for putting the invention into effect. The invention is therefore claimed

in any of its forms or modifications within the legitimate and valid scope of the

amended claims, appropriately interpreted in accordance with the doctrine of



equivalents.

INDUSTRIAL APPLICABILITY

This invention has application in the molded parts manufacturing industry.

More specifically, to laminated composite parts manufacturing industry.



CLAIMS

We claim:

1. A wrinkle control process for a closed cross-sectional, composite laminate

structure, comprising the following steps:

a. selecting a male tool 80for manufacturing a closed, cross-sectional,

composite laminate structure having a desired shape and size;

b. selecting a composite laminate structure to manufacture using said

male tool;

c. determining the type of laminate material, the number of plies 12-18

and the stack-up sequence needed to manufacture said composite laminate structure;

d. determining the number of cure cycles to manufacture said composite

laminate structure and the number of plies 12-18 to be compacted in a single cure,

said number of cure cycles and number of plies 12-18 shall be based on one or more

of the following considerations: the geometry considerations of the composite

structure, the method of attachment, the maximum number of cures to be used in

manufacturing said composite laminate structure, the maximum depression depths

and perimeter spacing of depression forming elements, the lay-up guidelines, the cost,

and the cosmetic features;

e. selecting the size, shape, material, and type of at least one depression

forming element 50 capable of forming a depression;

f . determining the linear length of the depression segment formed (Li) by

a depression forming element 50 and the theoretical linear length of the

corresponding composite segment without the depression (Lj);

g. determining the perimeter length of the composite laminate structure

11 after lay-up and prior to cure (OPL);



h. determining the perimeter length of the composite laminate structure

11 after lay-up and after cure (OPC);

i . determining the number of depression forming elements 50 each

capable of forming a depression 45 in underlying plies 12-18 of said composite

laminate structure 11 during cure; the number 'N' of strategically placed depression

forming elements 50 being determined by the following equation N (OPL - OPC) ÷

(Li - Lj); and,

j . forming plies 12-18 around male tool 80 to create said composite

laminate structure 11 and placing the number ('N') of depression forming elements

50 strategically spaced on said composite laminated structure 11 prior to cure.

2. The wrinkle control process as recited in Claim 1, wherein the numerator in

step i . (OPL-OPC) becomes π (ODL - ODC).

3. The wrinkle control process as recited in Claim 1, further including the step 1

of filling the depressions 45 created by said depression forming elements 50 that are

removed after curing.

4. An uncured composite tube 11, comprising:

a. a plurality of layers of uncured composite material forming a tube 11;

and;

b. at least one depression forming element 50 laid lengthwise over at

least one layer of said composite material which forms a lengthwise depression 45 in

said layer of composite material when said tube 11 is heated and compacted thereby

reducing wrinkling.



5. The uncured composite tube of Claim 4, wherein said uncured composite tube

11 comprises an aircraft part.

6 . The uncured composite tube of Claim 4, wherein said depression forming

element 50 is made of non-metallic material

7. The uncured composite tube of Claim 4, wherein said depression forming

element 50 is made of metallic material.

8. The uncured composite tube of Claim 4, wherein a plurality of depression

forming elements 50 are used, spaced-apart and disposed substantially parallel to one

another around a radius of the uncured composite tube.

9. The uncured composite tube of Claim 4, wherein said depression forming

elements 50 are circular in cross-section.

10. The uncured composite tube of Claim 4, further comprising additional layers

of uncured composite material laid over said depression forming elements 50.

11. The uncured composite tube of Claim 4, wherein there are a plurality of

spaced-apart depression forming elements 50 laid lengthwise within the layers of

uncured composite material.

12. The uncured composite tube of Claim 4, wherein said depression forming

elements 50 are spaced-apart and longitudinally aligned that are compacted against



the layers of uncured composite material through application of pressure.

13. A method of fabricating a composite tube 11 to control wrinkle formation

comprising:

a. laying layers of uncured composite material over at least one of a

surface of a tool 80 and laying spaced-apart depression forming elements 50 disposed

lengthwise over the laid layers of composite material;

b. compacting said depression forming elements 50 against the layers of

uncured composite material; and;

c. curing and consolidating said depression forming elements 50 and said

layers of uncured composite material to form a composite tube 11 with controlled

wrinkle formation.

14. The method of Claim 13, wherein the method is used to fabricate an aircraft

part.

15. The method of Claim 13, wherein said depression forming elements 50 are

made of non-metallic material

16. The method of Claim 13, wherein said depression forming elements 50 are

disposed lengthwise within plies 12-18.

17. The method of Claim 13, wherein said depression forming elements 50 are

circumferentially aligned and in parallel formation around the layers of composite

material.



18. The method of Claim 13, wherein each said depression forming element 50 is

circular in cross-section.

19. The method of Claim 13, wherein the compacting step further comprises using

pressure to force said depression forming elements 50 into the underlying layers of

uncured composite material.

20. The method of Claim 13, wherein the at least one curing and consolidating

step further comprises applying heat and pressure to consolidate said depression

forming elements 50 and the layers of uncured composite material at an elevated

curing temperature to form the composite tube 11.
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