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(57) Abstract

A reinforcing beam (1) comprising a hollow extrusion of a light
metal alloy having an outer envelope that is generally quadrilateral in cross-
sectional shape with a pair of opposed walls (5, 6) joined by a pair of
side walls and at least one internal web joining the opposed walls one of
which constitutes a compression wall (5) to face towards the direction of
application of a load tending to bend the beam and the other of which
constitutes a tensile wall (6) to face away from that direction characterised
in that: (a) the outer envelope is of trapazoidal cross-sectional shape with its
opposed walls parallel with one another and one of the opposed walls shorter
than the other, (b) the shorter opposed wall constitutes the compression wall
(5), (c) the minimum thickness of the compression wall (5) is not less than
the minimum thickness of the tensile wall; (d) the minimum thickness of the
sidewalls is less than the minimum thickness of the tensile wall (6) and (e)
the or each web has a minimum thickness less than the minimum thickness

" | of the compression wall.
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REINFORCING BEAM
This invention relates to a reinforcing beam. Such beam
may be of the kind known as an intrusion beam for a panel,
usually a side panel, of a vehicle. The invention also
extends to a vehicle side panel, that may be a door, and
that incorporates such an intrusion beam. The reinforcing

beam may also constitute a roll-over bar for an open topped
vehicle.

A large number of motor vehicle accidents result in a side
impact on the vehicle and it is therefore desirable that
reinforcement should be provided to protect occupants
against inward distortion of the vehicle side walls.

It is well known to provide so-called intrusion beams
usually extending generally horizontally and usually within

the thickness of vehicle side panels such as doors. It
has been commonplace to use steel tubes extending across
the panels and fastened to side frame members thereof. A

minimum standard against distortion under predetermined
test conditions exists in the USA and this standard can
readily be met by using steel tubes. However such steel
tubes to provide the desired strength characteristics are
heavy.

The testing method referred to above may conveniently
involve supporting the ends of the beam and applying a
bending force to the central part of the beam via a
cylindrical member extending transversely of and at right
angles to the beam. It has been customary for the member
to have a diameter of 30 cms.

In view of weight problems associated with steel beams

various proposals have been made to provide beams extruded
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from a light metal alloy such as an aluminium alloy and
being formed with cross-sectional shapes to enhance their
desired strength characteristics.

It is thus known to extrude such beams from an aluminium
alloy having an annular cross-sectional shape. In the
past the cross-sectional shape has usually been
rectangular. It is also known to provide webs joining
opposed walls of the beam.

There are always constraints imposed upon the cross-
sectional shape and dimensions of such beams if they are to
fit into an available space, for example, in a vehicle
door. However, merely conforming to such constraints and
seeking to reduce mass per unit length and then producing
the strongest possible beam is not the best solution. It
is important that the manner in which the beam distorts
under impact should be controlled.

Such controlled distortion requires that the outer envelope
and web(s) of the beam should distort and partially
collapse in a pre-determined manner when subject to the

test conditions set out above.

One aspect of the present invention therefore provides a
reinforcing beam comprising a hollow extrusion of a light
metal alloy having an outer envelope that is generally
quadrilateral in cross-sectional shape with a pair of
opposed walls joined by a pair of side walls and at least
one internal web joining the opposed walls one of which
constitutes a compression wall to face towards the
direction of application of a load tending to bend the beam
and the other of which constitutes a tensile wall to face
away from that direction characterised in that

PCT/GB94/01632
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(a) the outer envelope is of trapezoidal cross-
sectional shape with its opposed walls parallel
with one another and one of the opposed walls
shorter than the other,

(b) the shorter opposed wall constitutes the
compression wall,

(c) the minimum thickness of the compression wall is

not less than the minimum thickness of the
tensile wall,

(d) the minimum thickness of the side walls is less
than the minimum thickness of the tensile wall
and

(e) the or each web has a minimum thickness less than
the minimum thickness of the compression wall.

In this specification the term "an envelope that is
generally quadrilateral" is to be understood as meaning an
envelope having four walls that may selectively be straight
curved or otherwise shaped with parallel, tapering or
curved surfaces. The or each web may also be straight
curved or otherwise shaped with parallel, ® tapering or
curved surfaces.

The invention also provides a reinforcing beam according to
the preceding paragraph incorporated in a panel of a
vehicle such as a door to extend between frame members of

the panel and constitute an intrusion beam.

In another embodiment the invention provides a reinforcing
beam according to the penultimate paragraph which is pre-

formed into generally -U-shape without significant

PCT/GB94/01632
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distortion of its cross-sectional shape and is secured at
its ends to an open topped or soft topped vehicle to
comprise a roll-bar therefor.

The above and other aspects of the present invention will
now be described by way of example with reference to the
accompanying drawings in which:

Fig. 1 shows diagrammatically in transverse section an
intrusion beam located in a vehicle door,

Fig. 2 is a view similar to Fig. 1 of an alternative
intrusion beanmn, )

Fig. 3 is a view similar to Fig. 2 of another
arrangement,

Figs. 4 and 5 show other cross-sectional shapes for an
intrusion beam,

Fig. 6 is a diagrammatic representation of a test
method,

Figs. 7 and 8 respectively show, in transverse
section, distortion at position -A- in Fig. 3, of the
beams of Figs. 1 and 2

Fig. 9 shows a reinforcing beam used as a roll-bar and

Fig. 10 is a graph showing comparative performance of
various types of intrusion beam.

Referring to Fig. 1 an aluminium alloy intrusion bean
indicated generally at 1 is disposed within a vehicle door

indicated generally at 2 and having an outer skin 3 and an
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inner trim panel 4. The beam 1 has an outer envelope
which in cross-sectional shape is a truncated isosceles
triangle and includes a compression wall 5 arranged close
to and generally parallel with the outer skin 3, a tensile
wall 6 parallel with the wall 5 and two side walls 7 and 8.

Internally the envelope is divided into two chambers by a
web extending centrally between the compression wall 5 and
the tensile wall 6 and at right angles thereto. The
compression wall 5 is thicker than the tensile wall 6 and
the latter is thicker than side walls 7 and 8. The web 9
has a thickness between that of the side walls and the
tensile wall. Each end of the beam 1 is flattened (not
shown) to provide a fixing lug essentially constituting an
extension of the compression wall 5 to be riveted, bolted
or otherwise mechanically fastened to a shoulder 10 forming
part of the frame of the door 2.

At least one of the riveted end connections may permit some
longitudinal movement of the beam relative to the door to
accommodate different rates of expansion of an aluminium
alloy and steel during the painting of the door. If
however the door frame is of an aluminium alloy the beam
could be welded and/or adhesively bonded thereto.

It will be understood that the space between the tensile
wall 6 and the inner trim panel 4 is necessary to
accommodate window winding mechanism and other items so the
overall depth of the beam 1, that is the distance between
the walls 5 or 6 -is limited. This restriction together
with the desire to use a light metal alloy rather than
steel makes the <cross-sectional shape of the beam
important.

PCT/GB94/01632
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We have found that the envelope shape shown is particularly
good with the compression wall 5 shorter than the tensile
wall 6 and at least one internal web such as 9 disposed at
right angles to the walls 5 or 6.

In Fig. 1 the dotted lines 11 show how the application of
a sideways impact on the beam 1 tends to distort the wall
5 with the root of the web 9 constituting a position of
stability. The effect can be enhanced by extending the
wall 5 at 5a and 5b so that such positions of stability
also occur at the roots of the walls 7 and 8. If desired
the tensile wall 6 may also be extended (not shown) beyond
walls 7 and 8. -

Fig. 2 shows a different cross-sectional shape for the beam
1 with two webs 9 and 9a arranged symmetrically of the
walls 5 and 6 and being no more than 15° from a right angle
with respect to them. The webs 9 and 9a are spaced apart
slightly more at the compression wall 5.

Fig. 3 shows an arrangement generally similar to Fig. 2 but
with the webs 9 or 9a oppositely inclined. Here the walls
5 or 6 are effectively divided into three by the webs 9

and/or 9a. |

Figs. 4 and 5 show arrangements in which the webs 9 and 9a
form part of a triangle; with the wall 5 in the case of
Fig. 4 and with the central part of the wall 6 in the case
of Fig. 5.

In all the arrangements described we have found that 6xxx
series alloys may be used with a preference for 6082. If
greater strength characteristics are required then 7xxx
series such as 7020 may be used.

PCT/GB94/01632



10

15

20

25

30

35

WO 95/03948

As mentioned above the walls and web(s) need not be

straight and need not have parallel faces. However it is

"essential that the minimum thickness of the compression

wall 5 1is not 1less than the minimum thickness of the
tensile wall 6; the minimum thickness of the side walls 7
or 8 is less than the minimum thickness of the tensile wall
6 and the or each web has a minimum thickness less than the
minimum thickness of the compression wall 5.

In practice, and with straight walls and web(s) the length
of the wall 5 may be 25 to 70 mm; preferably 30 to 60 mm
and specifically about 50 mm, the wall 6 may be between 1.1
and 1.8 and preferably 1.2 to 1.7 times longer than the
wall 5; the depth of the beam may be of the order of 20 to
40 mm, preferably 30 to 38 mm and the thickness of the side
walls 7 or 8 and of the web(s) 9, 9a may be as low as 2 mm.
The thickness of both the compression wall 5 and the
tensile wall 6 can be between 2 and 16 mm.

Fig. 6 shows how a beam 1 may be subjected to a test of
longitudinal bending capability. The beam is supported at
its ends (in a manner not shown) and subjected at position
A’ intermediate its ends to a bending force by a 30 cm
cylinder 12 extending transversely of the beam and over in
the direction of the arrow ’B’.

Fig. 7 shows the result of distortion at position ‘A’ for
the beam of Fig. 1. The walls 5 or 6 are distorted as
would be expected with the nodes or positions of stability
represented by the 1line 11 in Fig. 1 controlling the
distorted shapes of these walls and the side walls 7 and 8
bulge outwardly. What 1s remarkable and unexpected
however is that the web 9 suffered no lateral distortion.
It has suffered compression in a direction between the
walls 5 and 6. It is the behaviour of this web during

bending of the beam that controls the way in which the beam

PCT/GB94/01632
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envelope distorts and enables the beam to retain
significant strength characteristics after bending. The
reason the beam behaves in this way is that the web 9 is at
right angles to the walls 5 or 6. Further control is
provided by the extensions 5a or 5b. These ensure that
the side walls 7 or 8 do not bow outwardly as much as they
would in the absence of the extensions 5a or 5b. Fig. 8
shows that the webs 9 and 9a of Fig. 2 do distort slightly
laterally into ‘s’ shape because they are nearly at right
angles to the walls 5 or 6. This distortion can be
tolerated and the distortion result of Fig. 8 is
acceptable.

Distortion of Figs. 3 to 5 would produce results broadly
similar to those of Fig. 8. 1In all cases the provision of
the extensions 5a or 5b improves the manner in which the
distortion can be controlled. It is important to realise
that the controlled distortion referred to herein is
plastic deformation and not elastic deformation. In all
cases it is desirable that the alloy used and its
subsequent treatment should provide ductility greater than
10%.

Fig. 9 shows an arrangement in which a reinforcing beam 1

-is pre-formed into -U-shape to be mounted at its ends on

frame members 13 and 14 of an open topped or soft topped
vehicle to comprise a roll-bar. The corners 15 and 16 are
formed without significant external distortion of their

cross-sectional shape.

In all the arrangements described above it is possible that
the cross-sectional shape of the beam 1 could be an
asymmetrical trapezoid, for example to fit into a
particular available space. However it is desirable that
the cross-section should be symmetrical, and in the form of

PCT/GB94/01632
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a truncated isosceles triangle since this helps to prevent
the beam from twisting during distortion.

We now illustrate load characteristics that have been
obtained for intrusion beams of Figs. 1 to 5 having
dimensions within the ranges quoted above. In all cases
the mass of the beams in Kg/m was approximately 1.36 and
the ductility of the alloy used was greater than 10%. The
load/unit mass is quoted in KN/Kg

Fig. 1 8.05
Fig. 2 8.64
Fig. 3 8.30
Fig. 4  7.20

Fig. 5 8.63
It will be understood that the reinforcing beam of the
present invention should bend under load without kinking
and without disruption of 'its envelope by tearing since
both such events would reduce the energy absorbed during
bending.

The likelihood of kinking can be reduced by thickening the
compression wall 5 and reducing its length. Such
thickening of the compression wall however moves the
neutral axis of the beam away from the tensile wall 6 and
this increases the risk of tearing. Thus it is preferable
that the neutral axis should be closer to the tensile wall

- 6 than the compression wall 5 and this can be achieved by

increasing the length and/or the thickness of the tensile
wall.

A tendency towards tearing also depends upon the ductility
of the metal alloy. A high ductility reduces the risk of
tearing. However it is often difficult and/or expensive to
obtain high ductility in strong aluminium alloys{ By

arranging for the neutral axis of the beam to be closer to

PCT/GB94/01632
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the tensile wall 6 than to the compression wall 5 it is

possible to use alloys of 1lower ductility than would
otherwise be the case.

The present invention enables an acceptable balance to be
struck between the conflicting requirements set out above.
The graph of Fig. 10 shows the results that may be obtained
when a "reinforcing" beam of the present invention is used
as an intrusion beam for a vehicle. 1In Fig. 10 the results
of the test method set out above and shown in Fig. 6 are
plotted as displacement of the cylinder 12 in mm against
the force applied to the beam at point -A- in Newtons.

Curve -B- is for a known steel tube as mentioned herein;
curve -C- is for a beam in the form of a flat bottomed -U-
section steel pressing with the outer ends of its arms
curled outwardly (also known) and curve -D- is for a beam
according to the present invention. As will be apparent
the steel pressing (curve C) kinked after only 40 mm
distortion while the steel tube (curve B), as would be
expected, continued to deflect without collapse.

However as shown in curve D a beam of the present invention
also required a steadily increasing bending force without
having the weight disadvantage of a steel tube.

The energy absorbed by deflection of the beams is
represented by the areas beneath each curve. The beam of
the present invention absorbed approximately 90% of the
energy of the steel tube. In a particular illustrative
example the steel tube absorbed 3.08 KJ; the steel pressing
1.75 KJ and the beam of the present invention 2.70 KJ.

PCT/GB94/01632
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It will be understood that should one of the parallel walls
of the envelope of the beam of the present invention tear
then curve D would be similar in format to curve C.
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CLAIMS:

1. A reinforcing beam comprising a hollow extrusion of a
light metal alloy having an outer envelope that is
generally quadrilateral in cross-sectional shape with a
pair of opposed walls joined by a pair of side walls and at
least one internal web joining the opposed walls one of
which constitutes a compression wall to face towards the
direction of application of a load tending to bend the beam
and the other of which constitutes a tensile wall to face
away from that direction characterised in that:-

(a) the outer envelope is of tfapezoidal cross-
sectional shape with its opposed walls parallel
with one another and one of the opposed walls
shorter than the other,

(b) the shorter opposed wall constitutes the
compression wall,

(c) the minimum thickness of the compression wall is
not 1less than the minimum thickness of the
tensile wall,

(d) the minimum thickness of the side walls is less
than the minimum thickness of the tensile wall

and

(e) the or each web has a minimum thickness less than
the minimum thickness of the compression wall.

2. A reinforcing beam according to Claim 1 in which the
outer envelope has a symmetrical cross-sectional shape in

the form of a truncated isosceles triangle.

PCT/GB94/01632
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3. A reinforcing beam according to Claim 1 or Claim 2 in

which the compression wall is linearly extended beyond the
envelope.

4. A reinforcing beam according to Claim 3 in which the
linear extension is symmetrically provided at each end of
the compression wall.

5. A reinforcing beam according to Claim 3 or Claim 4 in
which the tensile walls is extended beyond the envelope.

6. A reinforcing beam according to any one of the
preceding claims in which the or each web extends at an

angle no more than 15° from a right angle to each of the
opposed walls.

7. A reinforcing beam according to Claim 2 and Claim 6 in

which a single web extends symmetrically between the
opposed walls at right angles thereto.

8. A reinforcing beam according to Claim 2 and Claim 6 in
which the or each web extends between the opposed walls at
positions which divide the tensile wall into approximately
equal parts. )

9. A reinforcing beam according to any one of the
preceding claims incorporated in a panel of a vehicle such
as a door to extend between frame members of the panel and
constitute an intrusion beamn.

10. A reinforcing beam according to Claim 9 which extends
generally horizontally.

PCT/GB94/01632
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11. A reinforcing beam according to Claim 9 or Claim 10 in
which securing means for the beam allows for limited

longitudinal movement between the beam and the panel.

12. A reinforcing beam according to any one of Claims 1 to
8 which is pre-formed into generally -U-shape and is
secured at its ends to the body of an open topped or soft
topped vehicle to comprise a roll-bar therefor.

13. A reinforcing beam substantially as herein described
with reference to any one of Figs. 1, 2, 3, 4 or 5 of the
accompanying drawings.

14. A vehicle panel incorporating a reinforcing beam

according to any one of the preceding claims.

15. A vehicle roll-bar substantially as herein described
with reference to Fig. 9 of the accompanying drawings.

PCT/GB94/01632
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