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Vehicle Chassis

FIELD OF THE INVENTION
The present invention provides a vehicle chassis.
BACKGROUND ART

It hardly needs to be said that the chassis is a crucial component of a
vehicle. It is the core of the vehicle, from which all other components are
supported either directly or indirectly. It is ultimately responsible for absorbing
and transmitting the forces experienced by the vehicle; its rigidity determines
(to a large extent) the handling behaviour of the vehicle and its deformation

behaviour is a major factor in the crashworthiness of the vehicle.

It is also the largest single component of the vehicle and (aside from the
engine, in some cases) the heaviest. This means that the resources needed to
construct the chassis and its eventual weight will be a significant part of the

lifecycle environmental footprint of the vehicle.

Reduction of the weight and material requirements of the chassis will
therefore lead to benefits in the performance, fuel economy and environmental
footprint of the vehicle. However, this must be done without adversely affecting

the necessary rigidity of the chassis.
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Historically, a simple ladder chassis was constructed, using two
longitudinal sections joined by crossmembers that (in effect) provided the
“rungs” of the ladder. The longitudinal sections needed to be of a very large
gauge in order to provide the necessary strength. This resulted in a chassis
that, by today’s standards, is too heavy and insufficiently rigid in torsion. It

was, however, very straightforward to mass-produce.

The wuse of additional longitudinal sections joined by muitiple
crossmembers or bulkheads creates what is usually referred to as a tubular
frame chassis. For mass-produced vehicles, these have however been dismissed

as the time required for manufacture is generally too great.

Whilst the rigidity of such a structure is greater than that of a ladder
chassis, in order to provide sufficient rigidity it is generally necessary to add
additional diagonal members to the structure so that torsional moments are
avoided and all forces are taken up by way of longitudinal tension or
compression of a frame member. A structure of this type is usually referred to

as a space frame, and is far too complex for mass production.

Modern volume-produced vehicles therefore universally use a pressed
steel chassis. The chassis is formed by a pressing/stamping operation involving
one or more steps. This produces a steel chassis which has the necessary
rigidity but which is very heavy and requires very substantial tooling for its
production. The remaining necessary parts of the vehicle structure are then

spot-welded to the assembly.

The tools required to form the chassis are physically large, and must
therefore be housed in a large facility. A substantial material cost (with
attendant environmental footprint) is therefore involved in the chassis, the tools
and the facility, the weight of the resulting chassis imposes a substantial ongoing
environmental footprint as a result of the consequential energy requirements of
the vehicle, and the large facility imposes a corresponding ongoing
environmental footprint in terms of its heating, its lighting, its maintenance and

so on. The necessary spot-welding involves significant energy consumption.
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Our application W02009/122178 described a chassis based on a steel
framework complemented by a sheet or sheets bonded thereto. That application
suggested the use of composite sheets. The content of that application is
hereby incorporated by reference, and the attention of the skilled reader is
specifically directed to that application for a fuller understanding of the present

invention.
SUMMARY OF THE INVENTION

The present invention seeks to provide a chassis for a vehicle which
combines the necessary rigidity with sufficient speed of manufacture to permit
volume production, but with an environmental footprint that is a fraction of that
of a conventional pressed steel chassis. This application goes beyond the
disclosure of W0O2009/122178 and sets out preferred orientations of fibre re-

enforcement in the composite sheets.

We therefore propose a chassis for a vehicle, comprising a framework of
interconnected tubular sections and at least one composite sheet bonded to the
framework, at least part of the composite sheet being of unidirectional fibres.
Through the use of modern constructional methods such as laser cutting, CNC
bending, and computer-controlled welding, the production time required for such
a chassis can be kept to within a target of 120 seconds. Meanwhile, the
composite sheet bonded to the framework acts as a structural part of the chassis
and adds rigidity to the structure as a whole that enables it to meet the required

degree of stiffness.

Such a chassis also has an exceptionally low carbon footprint. The use of
(preferably hollow) tubular sections, which can be of a metallic material such as
steel or Aluminium, is very much more economical in material usage than a
pressed steel chassis and can be formed with significantly smaller tools which
therefore (themselves) have a smaller footprint. The physical space required to
construct such a chassis is also very much smaller, allowing a reduction in the
heating, lighting, constructional and other costs and carbon footprint of the

facility in which they are built.
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Various composite materials are suitable, including carbon fibre
composite, Kevlar fibre composite, glass fibre composite, and other composite

materials such as metal matrix composites.

Composite skin materials can be supplied in various forms, such as
random orientation, woven or uni-directional fibres which are then processed
with thermo-setting or thermo-plastic resins to provide a fibre carrier matrix to
transmit shear forces from one fibre to another. The present further
development of our manufacturing process combines, in its preferred
embodiments, random orientated skins on large panels together with pre-cured
and co-bonded low cost uni-directional members in specific locations. The
combination of the random skins with the uni-directional members eliminates
the requirement of expensive woven or uni-directional skins over large areas;
the system has the advantage that it can carry highly concentrated loads that
are applied to areas of the chassis frame/composite panel junction - this results

in significant cost reductions of raw materials and manufacturing processing.

The sheet can be non-flat, and is preferably so since this will allow a
greater degree of rigidity in a wider variety of axes. A concave geometry such
as a tub is preferred. It can be composed of a plurality of sections, ideally joined
by a method allowing a positional tolerance so that any tolerance in the

construction of the framework can be accommodated.

The part of the composite sheet that is of unidirectional fibres preferably
extends obliquely rearwardly from one side of the chassis toward another side,
the fibres also being oriented obliquely rearwardly in the same sense. It can
extend from a tubular section on one side of the chassis, and can extend to a
further tubular section on another side of the chassis. A further similar part can
extend in the opposite direction, preferably symmetrically, overlapping as

necessary.

The chassis defined above can of course accept an engine and other
running gear, bodywork and interior fittings which will be mounted at a suitable

location on or under the chassis.
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The present invention further provides a vehicle comprising a chassis as
defined above. Where the vehicle assembly takes place remote from the chassis
construction, the chassis as defined above can be transported very much more
economically due to the very high degree of rigidity that is derived
notwithstanding the largely planar shape. This compact shape for the chassis
that is permitted by the present invention allows a large number of chassis
elements (such as 6-8) to be fitted within a single standard shipping container.
Thus, the transport costs and associated environmental footprint can be

significantly reduced.

The tubes can be cut by a laser cutting process, and are preferably cut
and profiled in the same step. They can be bent via a CNC bending process and

joined via automatic welding.
BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the present invention will now be described by way of

example, with reference to the accompanying figures in which;

Figures 1 to 4 show perspective, plan, side and front views respectively of

the tubular frame prior to fitting the sheet;

Figures 5 to 8 show perspective, plan, side and front views respectively of
the tubular frame prior to fitting the sheet, with a roll bar fitted;

Figures 9 to 12 show perspective, plan, side and front views respectively

of the sheet prior to fitting to the tubular frame;

Figures 13 to 16 show perspective, plan, side and front views respectively
of the tubular frame fitted with the sheet; and

Figure 17 illustrates the fibre orientation.
DETAILED DESCRIPTION OF THE EMBODIMENTS

Figures 1, 2, 3 and 4 show a tubular frame construction used in the

manufacture of vehicle chassis according to the present invention. The frame
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structure 10 comprises a series of 4 longitudinal members, two members 12, 14
on a left hand side of the vehicle and two members 16, 18 on a right hand side
of the vehicle. The members on each respective side are connected via various
riser elements 20, 22 and by the lower longitudinal member 14, 18 of the two
rising towards the rear of the car so as to meet the corresponding upper
member 12, 16. This rising profile also creates a space 24 at the rear of the car
to accommodate the rear running gear. Likewise, at the front of the car all four
longitudinal members include bends so as to divert them inwardly towards the

centre line of the car and create a space 26 for the front running gear.

To hold the longitudinal members 12, 14, 16, 18 at the correct spacing,
cross members such as that shown at 28 are provided, attached to the
longitudinal members and extending transversely across the vehicle. Thus, a
tubular frame structure is obtained, made up of a number of circular-section

tubes.

These tubes are large diameter steel (or aluminium) thin wall tube which
is cut and bent by CNC (computer numeric control) processes. The ends of the
tube can currently be profiled by CNC laser apparatus followed by CNC bending
and robotic welding. As a result, the steel structure of the chassis can be built
up from sections of tubing, which are themselves obtained from elongate narrow
steel strip. That is intrinsically straightforward to produce, bend and weld into a
steel tube form, as opposed to a conventional pressed steel chassis which
requires a single large steel billet to be forged into the necessary shape. The
wastage of material and the energy required to form and assemble the tubular

frame is therefore very much less than the equivalent steel pressing.

The multi-tubular structure created in this way is largely self-jigging,
therefore requiring minimal additional parts for construction. Once the structure
has been welded together, external and internal protection for the exposed steel

can be applied via a suitable chemical bath.

The chassis illustrated herein by way of example is intended for use in
relation to a three-seater personal transport vehicle as illustrated in (for
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example) our earlier patent application W02008/110814. Accordingly, the
structure provides footwell areas 30, 32 for the two rear passengers and a
seating area 34 for the centrally positioned driver. However, other vehicle

designs and layouts could be catered for in the design.

Figures 1-3 show an initial state of the construction in which the lower half
of the vehicle chassis is provided, offering the basic elements of a load path that
offers predictable crash management, greater rigidity and bending stiffness.
However, even when compared to the final dimensions of this vehicle, the
resulting chassis is extremely compact and it can be packaged into a standard
shipping container (without side walls or a roof section attached) with very much
greater efficiency than a conventional pressed steel and spot-welded chassis.
This means that the chassis and body can be manufactured on separate sites
with assembly taking place at either site or a third site, and also means that
very many more chassis can be transported in a standard shipping container
relative to a standard small car, thereby reducing shipping costs and the CO;
emissions associated therewith. This is made possible by the multi-tubular
structure, assembly of which can be suspended at an intermediate but stable

state such as that shown in figures 1-4, as opposed to a pressed steel structure.

Figures 5-8 show the multi-tubular structure 10 in figures 1-4 to which a
steel roll hoop 36 has been added. A pair of upper longitudinal members 38, 40
extend rearwardly from the roll hoop 36 and thus supported by struts 42, 44.
The roll hoop 36 is accommodated within a pair of sockets 46, 48 that had
previously been welded onto the longitudinal members 12, 16; this offers a
secure location for the roll hoop 36. Side members 38, 40 extend rearwardly
from the roll hoop and provide a means of mounting the rear body panels. To
this complete tubular frame structure, a rigid sheet 50 is then added, this being

shown in figures 9-14.

The rigid composite sheet 50 has two main purposes. One is to reinforce
the multi-tubular structure by transmitting loads between the tubular members,
thereby increasing the rigidity of the structure as a whole and improving its

crashworthiness. As noted above, various composite materials are suitable
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including carbon fibre composite, Kevlar fibre composite, glass fibre composite,

and other composite materials such as metal matrix composites.

In support of its reinforcement task, the sheet is also formed into a non-
flat shape so that it can offer rigidity against torsion. A flat sheet obviously only
offers a high torsional rigidity about one axis, whereas a sheet with compound
bends (i.e. bends in more than one non-parallel axis) can offer rigidity in

substantially all dimensions.

The secondary purpose of the composite sheet 50 is to provide an internal
structure to the vehicle, covering the apertures between tubular members.
Thus, the sheet is moulded according to a compound shape that is convenient
for the intended layout of the vehicle. Starting from the rear 52 of the vehicle,
there is a flat panel 54 which acts as a parcel shelf or (in this case) as the floor
of a load area over a rear-mounted engine compartment, then a downward
curve 56 to provide an inclined seat backrest 58 for the rear seat passengers.
After curving upwards again to provide the rear seat squabs 60, the outer parts
of the sheet 50 then curve downward to provide the footwells 62 for the rear
seat passengers. A central part extends forward as a ridge formation 64 to
support a centrally mounted driver’s seat; this, together with upright side panels
66 either side of the footwell 62 and side panels 68 either side of the rear seats
58 provides a three-dimensional compound curvature to the sheet 50.

Recesses are formed in the sheet 50 at locations 70, 72, 74, 76 that
correspond to tubular sections in the framework 10. These allow the sheet 50 to
follow and conform to the shape of parts of the framework 10 and be bonded to
it, for example via a suitable engineering adhesive such as an epoxy resin. This
permits forces to be transferred between the framework 10 and the sheet 50,
thereby allowing the sheet 50 to contribute to the rigidity and crashworthiness of

the chassis.

Figures 13 to 16 show the composite sheet 50 installed in and bonded to
the framework 10 to form the complete chassis, to which the roll hoop 36 has
been attached. The recesses 70, 72, 74, 76 in the sheet 50 now curve around a
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tube of the framework 10 and have been bonded to the relevant tube so that the
sheet 50 and framework 10 form a single loadbearing structure to which the

engine, running gear, internal and external trim etc can be fitted.

Figure 17 shows the arrangement of fibre directions within the composite
sheet 50. For clarity, much of the chassis illustrated in the preceding figures is
omitted, leaving the lower longitudinal members 14, 18 and the flat region of the
composite sheet 50 that lies between them, in front of and either side of the
driver's seating area 34. This is an important area, since in a frontal collision
(i.e. that likely to involve the highest energy) the force of the impact will need to
be dissipated by the chassis from the impact point at the frontal region of the
chassis towards the rear in a balanced manner. Likewise, in an offset collision it
is important that the impact forces are distributed over the whole of the chassis
and not concentrated in one small area. Such dissipation of forces reduces the
deformation of the chassis around the impact point, which is especially important
in small vehicles since there is generally little distance between the impact point

on the exterior of the car and the passengers within.

To assist with the necessary dissipation, the composite sheet 50 includes
sections composed of unidirectional fibres. These are substantially stronger than
randon-oriented composites, in the direction in which the fibres extend. In other
directions, they may be less strong. As shown in figure 17, the sheet 50
comprises two such sections 78, 80, each of which extends obliquely rearwardly
from one side of the chassis toward another side. The fibres in each section 78,
80 are oriented obliquely rearwardly, in the same sense as their respective

section.

Thus, one section 78 extends obliquely rearwardly from the left-hand
longitudinal member 14 to meet the right-hand longitudinal member 18 as a
point that is (longitudinally speaking) to the rear of the point where is is
connected to the left-hand longitudinal member 14. Likewise, section 80
extends obliquely rearwardly from the right-hand longitudinal member 18 to
meet the left-hand longitudinal member 14 as a point that is (longitudinally

speaking) to the rear of the point where is connected to the right-hand
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longitudinal member 18. Both sections are arranged symmetrically, related by
reflection along a central vertical axis of the chassis. They therefore overlap in a

central region 82 beneath the driver’s feet.

This arrangement permits impact (and other) forces applied to on
longitudinal member (eg the left member 14) to be transmitted via the section
78 to the opposite longitudinal member 18. As the section 78 is disposed
obliquely, the forces are transmitted along it mainly in compression rather than
in shear, as indicated by arrows 84, thereby taking best advantage of the
composite material properties. The same obviously applies mutatis mutandis to

forces applied to the right-hand longitudinal member 18.

The remainder of the composite sheet 50 includes randomly-oriented

fibres within the matrix material.

It will of course be understood that many variations may be made to the
above-described embodiment without departing from the scope of the present

invention.
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CLAIMS

A chassis for a vehicle, comprising a framework of interconnected tubular
sections and at least one composite sheet bonded to the framework, at

least part of the composite sheet being of unidirectional fibres.
A chassis according to claim 1 in which the tubular sections are hollow.
A chassis according to claim 1 or claim 2 in which the sheet is non-flat.

A chassis according to any one of the preceding claims in which the sheet

has a concave geometry.
A chassis according to claim 4 in which the sheet comprises a tub.

A chassis according to any one of the preceding claims in which the sheet

is composed of a plurality of sections.

A chassis according to claim 6 in which the sections are joined by a

method allowing a positional tolerance.

A chassis according to any one of the preceding claims in which the part of
the composite sheet being of unidirectional fibres extends obliquely
rearwardly from one side of the chassis toward another side, the fibres

also being oriented obliquely rearwardly in the same sense.

A chassis according to claim 8 in which the part extends from a tubular

section on one side of the chassis.

A chassis according to claim 8 or claim 9 in which the part extends to a

further tubular section on another side of the chassis.

A chassis according to any one of claims 8 to 10 in which the composite
sheet comprises a further part of unidirectional fibres, extending obliquely
rearwardly from the another side of the chassis toward the one side, the

fibres also being oriented obliquely rearwardly in the same sense.
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A chassis according to claim 11 in which the further part extends from the

further tubular section on the other side of the chassis.

A chassis according to claim 8 or claim 9 in which the further part extends

to the tubular section on the one side of the chassis.

A chassis according to claim 11 in which the part and the further part

overlap.

A chassis according to any one of claims 11 to 14 in which the part and
the further part are arranged symmetrically relative to a central axis of

the chassis.

A chassis according to claim 15 in which the part and the further part are
located in substantially mirror-image locations relative to the central axis

of the chassis.

A chassis according to any one of the preceding claims further comprising

an engine mounted thereon.

A chassis according to claim 17 in which the engine is mounted on an

underside of the chassis.

A vehicle comprising a chassis according to any one of the preceding

claims.

A chassis for a vehicle substantially as described herein with reference to

and/or as described in the accompanying figures.

A method of making a chassis for a vehicle substantially as described

herein with reference to and/or as described in the accompanying figures.
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because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).
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This International Searching Authority found multiple inventions in this international application, as follows:

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims. :
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3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
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D No protest accompanied the payment of additional search fees.
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