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IMPROVEMENTS IN OR RELATING TO REINFORCEMENT OF HOLLOW

PROFILES

The present invention relates to improvements in or relating to the reinforcement of

hollow profiles.

Hollow profiles are used in many applications where strength is required. For

example hollow profiles are used in automobiles, trucks and busses as part of the

supporting sub frame, pillars and roof structures. Similarly hollow profiles are used in

aircraft and shipping and in the construction industry.

It is also known to reinforce hollow profiles with ribbed structures positioned within

the profile and in this way additional strength may be provided to the profile without

requiring a dramatic increase in the weight of the profile. It has also been proposed

that a heat foamable adhesive material may be provided on a reinforcing structure so

that the structure may be inserted into the hollow profile and thereafter foamed by

heating so that the material expands and bonds the structure to the under surface of

the hollow profile. Furthermore it has been proposed that in automobile

manufacturer the heat foamable material be such that it will foam at the temperatures

experienced in the oven used to bake the anticorrosion coating typically applied to

the metal frame of an automobile sometimes known as the "e-coat" process.

The previous proposals have however related to I beam structures such as those

illustrated in PCT Publication WO 9743501 or to tubular hollow profiles such as those

illustrated in EP 1265765. In these structures the foamable material is provided over

a substantial surface area and which requires large amounts of foamable material in

order to achieve a satisfactory bond between the reinforcing structure and the hollow

profile. In addition these proposals rely upon the foam, once formed, to provide a

contribution to the reinforcing effect.

Another form of reinforcement has been proposed in for example European Patent

Applications 0370342 and 0995668 and French 2817943. In these proposals steel

sections are overmoulded with polymeric ribbed structures and in many instances the

polymeric material is nylon. However although nylon is a preferred polymeric

material it will not adhere to steel sections and it is therefore necessary to provide

mechanical interlocking between the overmoulded ribbed section and the steel such

as the provision of holes or ribs in the steel around which the molten polymer can be



injected in its molten state so that it will solidify to form a mechanical bond between

the ribbed structure and the metal. This requires a complicated metal structure and

the use of more polymer than is required for the reinforcing ribbed structure.

Vehicles require reinforcement for a variety of reasons. For example, vehicles can

be reinforced against impact such as in a crash. However, even in crash

reinforcement a variety of types of reinforcement may be required, different

reinforcement being required for front impact, side impact, rear impact and rollover

crash. In addition vehicles need to be reinforced against regular noise, vibration and

harshness during regular working (sometimes known as NVH). The reinforcement

needs to provide a combination of energy absorbing and energy dissipating functions

depending upon the nature of the reinforcement required and the position in the

vehicle that is to be reinforced and different structures are used to provide different

types of reinforcement.

Vehicle body shells are generally assembled from hollow profiles generally metal

structures consisting of longitudinal supporting structures, sometimes known as

longits or rails. Transverse supporting structures of which there are usually at least

three, front, middle and rear. Pillars for the doors and supporting the roof extending

upwards from the longitudinal structures and frequently there are three pairs of pillars

the A pillars at the front of the vehicle which pass upwards behind the engine

compartment and contain the windscreen in its upper portion, the B pillars behind the

front doors of the vehicle and the C pillars at the rear of the vehicle. Larger vehicles

can have a larger number of pairs of pillars. Reinforcement is also provided within

doors and also to support grooves at the front and the back of the vehicle.

Different areas of the vehicle require reinforcement for different reasons. For

example the front of the longitudinal section and the A pillars require reinforcement

against front crash but they also require stabilisation to remove vibration and

hardness of driving. The centre of the longitudinal structures and the B pillars require

reinforcement against side crash but also against front crash and to remove vibration

and hardness during driving. The rear of the vehicle and the C pillars require

reinforcement against rear crash and also against vibration and hardness during

driving. The A , B and C pillars all require strengthening against roll over crash

particularly at the top of the pillars. Overmoulded ribbed structures have been

proposed for door reinforcement and roof supports.



It is important that the provision of the reinforcement be achieved within the normal

vehicle assembly operations. One important operation in vehicle manufacture is the

provision of an anti corrosion coating on the internal surfaces of the metal structures

and this is often accomplished by what is know as the electrocoat (or e coat)

process. In this process the assembled metal frame of the vehicle passes through a

large bath of anti corrosion fluid which is deposited electrolytically on the metal and

the coating formed is then cured by passing the coated metal structure through an

oven where it is dried and hardened. Techniques have been developed whereby a

reinforcing part comprising a carrier material which provides reinforcement carrying a

heat activated adhesive foamable material is placed within the metal structure and

the metal structure is subject to the e-coat process. The foamable material is

designed so that it will foam and develop adhesive properties under the conditions

employed for the drying and/or hardening of the anti corrosion coating. In this way

the foamable material can be foamed after deposition of the anticorrosion coating

during the drying and curing of the coating. The foamed material therefore serves

the dual function of adhering the carrier to the inner surface of the tubular structure

so that the carrier can provide a reinforcing effect and also contributing to the

reinforcement.

We have now found that such techniques may be used to overcome the problems

previously described in relation to the overmoulding of metal, particularly steel, with

polymeric reinforcing structures.

The present invention is concerned with structures comprising hollow profiles which

are reinforced by a ribbed structure in which the ribs lie in a direction that is

substantially perpendicular to the axis of the hollow profile and employs a heat

activated adhesive to bond the ribs themselves to the inner surface of the hollow

profile.

The present invention therefore provides a hollow profile reinforced with a ribbed

structure wherein at least part of the ends of the ribs are bonded to the inner surface

of the hollow profile by a heat activated adhesive material.

In a further embodiment the invention provides a ribbed structure for the

reinforcement of a hollow profile wherein a heat activated adhesive material is

provided over at least a part of the ends of the ribs.



In a further embodiment the invention provides a process for reinforcing a hollow

profile in which a ribbed structure provided with a heat activatable adhesive material

over at least a part of the ends of the ribs is placed within the hollow profile and the

hollow profile containing the ribbed structure is heated to activate the adhesive

material so that it bonds the ribbed structure to the inner surface of the hollow profile.

In a further embodiment the invention provides a process for overmoulding a hollow

profile in which the hollow profile is provided with a heat activatable adhesive and is

placed in a mould and is overmoulded with a polymeric material wherein the heat

activatable material is provided at locations where it is desired to bond the

overmoulded polymeric material to the hollow profile.

In a further embodiment the invention provides a process for the production of a

reinforced closed hollow profile in which an open hollow profile is overmoulded with a

polymeric material and a heat activatable adhesive is provided on the overmoulding

at locations where it is desire to bond the overmoulded structure to the cover for the

hollow profile, the cover is provided on the hollow profile and the heat activatable

adhesive is activated to bond the cover to the overmoulded structure.

In all embodiments it is preferred that the heat activatable adhesive is a foamable

adhesive material.

In a further embodiment when the process is used in automobile manufacture the

adhesive is a foamable adhesive material and is such that it will expand at the

temperature employed in the e-coat oven and the hollow profile containing the ribbed

profile with the expandable adhesive material in its unexpanded state is first subject

to the e-coat anticorrosion treatment and then passes to an oven where the

anticorrosion coating is baked and the expandable material expands in the oven so

that it contacts the inner surface of the hollow profile and bonds the ribbed structure

thereto.

The overmoulded structure is preferably a ribbed structure which may be of any

desired structure and this will depend upon the nature and shape of the region to be

reinforced and also the degree and type of reinforcement that is required. For

example in automobile manufacture different types of reinforcement are required at

different positions in the automobile. Reinforcement is required against front crash

and rear crash where the hollow profile may be the rails and longitudinals of the



frame. Reinforcement may also be required in the pillars against both front and side

crash and in the roof and pillars against roll over. Reinforcement may be required in

the doors or as support for the roof. Furthermore reinforcement may be required to

reduce vibration of the vehicles during normal operation. The hollow profiles are

shaped by the car designer to take this aspect into account as well as providing the

desired appearance of the vehicle. The design of the rib reinforcing structure will be

determined by the size and shape of the hollow profile and the reinforcing effect it is

required to provide.

The hollow profile that is reinforced may be made of any suitable material and the

choice of material will depend upon the use to which it is to be put. The profile may

be metal and examples include steel or aluminium although other metals such as

titanium may be used in specialised applications. When the profile is metal it is

usually formed by stamping, rolling or by extrusion although hydroforming may be

used. In automobile applications the profiles are typically formed from two metal

pieces a U or C shaped profile and a cover which are joined together to form the

hollow profile usually by welding. Typically the ribbed structure is attached to one of

the metal pieces, perhaps by overmoulding and the cover then applied. Alternatively

the profile may be of a synthetic material such as a thermoplastic and may then be

formed by plastics moulding techniques such as extrusion, injection moulding or blow

moulding. Rigid plastics such as polyethylene, polypropylene and nylons are

particularly suitable as are those materials when they are filled with fillers such as

glass fibre, carbon fibre or other natural fibres. The hollow profile may itself be

manufactured from a composite material such as a laminar structure of two facing

sheets with a layer of foamed material there between.

The overmoulded material may be any of the thermoplastic materials suggested as

suitable for the hollow profile and the manufacturing techniques suggested for the

manufacture of the hollow profile can be used for the manufacture of the ribbed

structure. Nylon is particularly preferred as the overmoulded material. In one

particular embodiment of the invention the ribs themselves are of a composite

material comprising a laminar structure of two facing sheets with a layer of foamable

material between them. In this way the foamable material can expand outwardly

from the end of the ribs to bond the ribs to the inner surface of the outer profile.

The heat activatable adhesive material is provided on at least part of one or both of

the ends of the ribs and the nature of the material will be chosen according to the



function it is to perform. In the preferred embodiment where the activatable adhesive

is a foamable material the material will be chosen according to the conditions under

which it is required to cause the material to foam and set. It is preferred that the

foamble material be such that when foamed it provides a structural reinforcing foam

and examples of such foamable materials are epoxy based foams which may be

derived from solid and/or liquid epoxy resins. The materials may also contain

thermoplastics, fillers, blowing agents, cross linking agents and other materials.

It is also preferred that the heat activatable adhesive material be rmoulded onto the

ribbed structure, alternatively it can be heat bonded to the ribbed structure or can be

attached by a fastening system. Examples of suitable foamable material include

foamable epoxy-base resins and examples of such materials are the products L5206,

L5207, L5208 and L5209, which are commercially available from L & L Products of

Romeo Michigan USA, and the Core Products 5204, 5206, 5205 and 5208 available

from Core Products, Strasbourg, France. The product should be chosen so that it

can be bonded to the ribbed structure at temperatures below that at which it will

foam, typically 8O0C to 90 C and also according to the rate of expansion and foam

densities required. It is further preferred that it expand at the temperatures

experienced in the oven used to dry and cure the anticorrosion coating deposited in

the e-coat process, typically 1200C to 210°C. Prior to activation, the expandable

adhesive material is preferably dry and not tacky to the touch, since this facilitates

shipping and handling and prevents contamination. In a preferred embodiment the

foamable material will soften and bond at 80°C to 90°C and is applied to the ribbed

structure when it is at a temperature of 85°C to 11O0C.

Where the material is to be used in automobile manufacture and is to be foamed in

the e-coat bake oven it should be such that it foams and cures at a temperature in

the range of 1600C to 210°C although the current trend is to employ lower

temperatures.

The activatable adhesive material may be provided on the ends of the ribs by any

suitable technique. For example it may be moulded onto the already formed rib

structure in for example an injection moulding operation. Alternatively it can be

extruded onto the rib structure which could be accomplished by co-extrusion with the

rib structure or by extrusion in place. Such an extrusion in place may be performed

using a robotic extrusion apparatus. Alternatively the material may be cut to the



appropriate shape and size and then attached to the end of the rib either by an

adhesive, by hot bonding or by mechanical attachment.

It is not necessary that the entire surface of the ends of the ribs be provided with the

adhesive material although this is preferred. The extent of surface cover will depend

on the degree of bonding that is required. It may be that grooves will be provided at

certain points at the end of the ribs for the provision of the material so that the

remainder of the ribs which are not provided with the material will substantially

contact the inner surface of the hollow profile in order to provide their reinforcing

effect. In the preferred embodiment where the adhesive is a foamable material the

thickness of the foamable material that is required and the degree of expansion

required will depend upon the application. However, when used in automobile

manufacture a sufficient gap should exist between the unfoamed material and the

inner surface of the hollow profile to allow the e-coat fluid to flow readily through the

gap and coat the metal surfaces. Typically a gap of up to about 6 millimetres is

required and the foam should therefore be such that it can expand across such a gap

and provide a rigid bond between the ribbed structure and the inner surface of the

metal profile. Typically structural reinforcing foams have a degree of expansion of

from 60% to 200% more typically 90% to 150%. The foamable material may be

provided at one or both ends of the ribs of the ribbed structure but it is preferred that

it be provided at both ends.

In a further embodiment of the present invention the ribbed structure carrying the

foamable material is provided with means for attachment within the hollow profile.

These means are particularly useful in automobile manufacture where they may be

such that they will hold the ribbed structure away from the inner surfaces of the

hollow profile to allow the e-coat fluid to flow between the ribbed structure and the

inner surfaces of the hollow profile. The means of attachment may be bolts or clips

which can align with holes in the hollow profile. Alternatively the hollow profile may

be provided with means that attach to the ribbed structure.

The present invention is illustrated by reference to the accompanying drawings in

which Figure 1 shows a steel U shaped profile (1) containing a ribbed reinforcing

structure (2) provided with a foamable material (3) at the ends of the ribs. In

operation a steel cover would be placed over the open mouth of the U shaped profile

and welded to the flanges (4) of the profile. The structure could then be heated so



that the foamble material expands and bonds the ribbed structure to the inner surface

of the metal profile.

Figures 2 , 3 and 4 show alternate designs in which the ribs are composite materials

of two surface layers and an inner layer of the foamble material. In Figure 3 the foam

is present only at the intersection of the ribs. In this embodiment the surface layers

for the ribs can be nylon, glass or carbon fibre matt or aluminium.

Figures 5 and 6 show a system in which strips of foam are provided on the end of a

rib. These can be provided by overmoulding, extrusion in place or with a mechanical

attachment.

Figure 7 shows a system in which the rib structure is provided by overmoulding a

layer of foamable material with the ribbed structure.

Figure 8 shows a system in which the foamable material is provided as an extruded

profile.

Figure 9 shows a system in which the foamable material serves the dual function of

bonding the ribs to the metal surface and also enhances the bond between the

pieces of metal that make the hollow profile.



CLAIMS

1. A hollow profile reinforced with a ribbed structure wherein at least part of the ends

of the ribs are bonded to the inner surface of the hollow profile by a heat activated

adhesive material.

2 . A ribbed structure for the reinforcement of a hollow profile wherein a heat

activatable adhesive material is provided over at least a part of the ends of the

ribs.

3 . A hollow profile according to Claim 1 or Claim 2 in which the profile is made of

metal.

4 . A hollow profile according to Claim 1 to Claim 2 made of rigid plastics such as

polyethylene, polypropylene, and nylons.

5 . A hollow profile according to Claim 4 in which the thermoplastic is filled.

6 . A hollow profile according to Claim 5 in which the filler is glass fibre, carbon fibre

or natural fibres.

7 . A hollow profile according to any of the preceding claims manufactured from a

composite material.

8 . A hollow profile according to Claim 7 in which the composite material is a laminar

structure of two facing sheets with a layer of foamed material there between.

9 . A hollow profile according to any of the preceding claims in which the ribbed

structure is made of metal or thermoplastic.

10. A hollow profile according to any of the preceding claims in which the ribs

themselves are of a composite material comprising a laminar structure.

11. A hollow profile according to Claim 10 in which the laminar structure is of two

facing sheets with a layer of foamable material between them.



12. A hollow profile according to any of the preceding claims in which the foamable

material.

13. A hollow profile according to claim 12 in which the heat activatable material is a

solid and/or a liquid epoxy resin.

14. A hollow profile according to claim 12 or claim 13 in which the foamable material

foams at a temperature in the range of 1000C to 2100C.

15. A hollow profile according to any of the preceding claims in which the heat

activatable material is provided on the ends of the ribs by moulding onto the

already formed ribbed structure.

16. A hollow profile according to any of Claims 1 to 14 in which the heat activatable

material is provided on the ribs by extrusion in place.

17. A hollow profile according to any of the preceding claims in which grooves are

provided at certain points at the end of the ribs for the provision of the heat

activatable material.

18. A hollow profile according to Claim 17 in which the remainder of the ribs which

are not provided with the heat activatable material will substantially contact the

inner surface of the hollow profile in order to provide a reinforcing effect.

19. A hollow profile according to any of claims 12 to 18 in which the heat activatable

material has a degree of expansion of from 60% to 200%.

20. A hollow profile according to any of the preceding claims in which the ribbed

structure carrying the heat activatable material is provided with means for

attachment within the hollow profile.

2 1. A process for reinforcing a hollow profile in which a ribbed structure provided with

a heat activatable adhesive material over at least a part of the ends of the ribs is

placed within the hollow profile and the hollow profile containing the ribbed

structure is heated to activate the adhesive material so that it bonds the ribbed

structure thereto to the inner surface of the hollow profile.



22. A process according to Claim 2 1 for reinforcing an automobile hollow profile

wherein the heat activatable adhesive is an expandable adhesive material which

is such that it will expand at the temperature employed in the e-coat oven and the

hollow profile containing the ribbed profile with the expandable adhesive material

in its unexpanded state is first subject to the e-coat anticorrosion treatment and

then passes to an oven where the anticorrosion coating is baked and the

expandable material expands in the oven so that it contacts the inner surface of

the hollow profile and bonds the ribbed structure thereto.

23. A process for overmoulding a hollow profile in which the hollow profile is provided

with a heat activatable adhesive is placed in a mould and is overmoulded with a

polymeric material wherein the heat activatable material is provided at locations

where it is desired to bond the overmoulded polymeric material to the hollow

profile.

24. A process for the production of a reinforced closed hollow profile comprising a

hollow section and a cover in which the hollow profile is overmoulded with a

polymeric material to provide a ribbed structure and a heat activatable adhesive

is provided on the overmoulding at locations where it is desire to bond the

overmoulded structure to the cover for the hollow profile, the cover is then

provided on the hollow profile and the heat activatable adhesive is activated to

bond the cover to the overmoulded structure.

25. A process according to Claim 24 in which the heat activatable adhesive is also a

heat activatable expandable material.

26. A process according to Claim 25 in which the material is heat activatable to both

foam and develop adhesive properties at a temperature in the range 150 C to

2100C.

27. A process according to any of Claims 24 to 26 in which the hollow profile is part

of an automobile and the activation takes place in the bake oven of the e-coat

process.
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