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(54) VEHICLE BODY

(57) A method for forming an integrated structure
comprising first and second bodies, the method compris-
ing forming the first body in a rigid state and subsequent-
ly: preparing a mould for the second body, the mould
being mated to the first rigid body and the mould com-
prising a first, rigid zone adjacent to first precursor ma-

terial for the second body and a second, flexible zone
adjacent to second precursor material for the second
body, applying pressure against the flexible zone to urge
the second precursor material against the first body and
rigidifying the precursor material whilst the second pre-
cursor material is in contact with the first body.
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Description

[0001] This invention relates to manufacturing vehicle
bodies.
[0002] A crucial part of automobile design is making
the body of the vehicle sufficiently strong to protect the
occupants in the event of a crash, and sufficiently stiff to
prevent bending or torsion of the body from affecting the
vehicle’s handling. One way of making a relatively strong
body is to use a composite tub, for example as described
in EP 2 534 029 A.
[0003] A typical composite tub has a floor, sills up-
standing from the floor along the sides of the floor and
front and rear bulkheads upstanding from the floor at the
front and rear of the floor. The vehicle’s running gear and
powertrain can be attached to the front and rear bulk-
heads. For an open racing car this structure may be suf-
ficient, but for a passenger car or an enclosed racing car
it is normally desirable to fit a roof to the tub. This is
normally done by forming the roof separately and then
attaching it to the tub: either by bolting it in place or by
bonding it to the tub using adhesive. Using bolts is un-
desirable because it introduces additional weight and
concentrates the loads between the roof and the tub on
the areas to which the bolts are attached. Figure 1 shows
an adhesive join between a tub and a roof. Figure 1 is a
cross-section through the join, showing part of a tub 1,
part of a roof 2, and a layer 3 of adhesive between the
tub and the roof. Joints of this type suffer from a number
of limitations. First, because the structures involved are
of a considerable size, and because the integrity of the
bond between the roof and the tub is of great importance
for crash-worthiness, the adhesive joins are typically
large. As a result, the adhesive introduces considerable
additional mass. Second, it is difficult to ensure a perfect
fit between the roof and the tub. One or both of the com-
ponents may need to be machined in order to get them
to fit together. Any machining introduces additional time
and cost. Third, there is normally an abrupt end to the
overlap between the roof and the tub, as shown at 4, and
a significant spacing between the roof and the tub be-
cause of the thickness of the adhesive. This concentrates
stress on the tub, reducing its strength. Finally, because
the roof and the tub are rigid when they are married to-
gether, the tub cannot have undercuts in the area where
it will be bonded to the roof. As illustrated in figure 2, if
the bottom of the roof 2 is sufficiently wide that it can be
lowered on to the tub 1, it cannot make contact with the
tub at the undercut region 5. This limits design freedom
unless it is decided to do without the roof material bridging
the join between the roof and the tub; in which case
strength would be compromised.
[0004] It would be desirable to have an improved way
of attaching a roof to a tub.
[0005] According to a first aspect of the present inven-
tion there is provided a method for forming an integrated
structure comprising first and second bodies, the method
comprising: forming the first body in a rigid state and sub-

sequently: preparing a mould for the second body, the
mould being mated to the first rigid body and the mould
comprising a first, rigid zone adjacent to first precursor
material for the second body and a second, flexible zone
adjacent to second precursor material for the second
body; applying pressure against the flexible zone to urge
the second precursor material against the first body; and
rigidifying the precursor material whilst the second pre-
cursor material is in contact with the first body.
[0006] The second, flexible zone may be anchored to
the first, rigid zone prior to the step of applying pressure.
The first and second zones may be parts of a common
mould tool. During the rigidifying step the second, flexible
zone may be anchored to the first, rigid zone at the bound-
ary of the first body. The second, flexible zone may be
constituted by one or more flexible plates attached to the
first, rigid zone. During the rigidifying step the second,
flexible zone may have greater mobility relative to the
first body at an end remote from the first, rigid zone than
at an end adjacent the first, rigid zone.
[0007] The step of applying pressure may comprise
causing the second precursor material to adopt a taper-
ing profile that becomes thinner towards an edge of the
second precursor material remote from the first precursor
material.
[0008] The precursor material may comprise a resin
matrix and a reinforcing component. The rigidifying step
may comprise bonding the second body to the first body
by means of the resin comprised in the precursor mate-
rial.
[0009] The first body may comprise an adhesive layer.
During the step of rigidifying the precursor material the
second precursor material may be in contact with the
adhesive layer of the first body.
[0010] The step of applying pressure may comprise
applying a pressure by means of an inflatable flexible
and/or elastic bag bearing against the second, flexible
zone. During the step of applying pressure the flexible
tool may flex relative to the rigid tool. Preferably during
the step of applying pressure the flexible tool does not
stretch relative to the rigid tool during the process. Pref-
erably the flexible tool is incompressible, so it does not
change in thickness as pressure is applied during the
process.
[0011] According to a second aspect of the present
invention there is provided a method for forming a vehicle
body, comprising: forming a rigid tub; mating the rigid tub
to a first mould for a superstructure of the vehicle body;
and subsequently rigidifying material in the first mould
whilst part of that material is in contact with the tub to
thereby form the superstructure of the vehicle body inte-
gral with the tub.
[0012] The step of mating the rigid tub to the first mould
may comprise locating the tub to the first mould by align-
ing a datum feature on the tub with a datum feature on
the first mould.
[0013] The method may comprise, after the said curing
step, attaching a component of the vehicle to the tub with
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the datum feature on the tub aligned with a datum feature
on the component. The component may be a part of the
running gear or powertrain of the vehicle: for example a
suspension carrier or an engine carrier.
[0014] The said material may comprise a superstruc-
ture portion and a bonding portion integral with the su-
perstructure portion and in contact with the tub. The su-
perstructure portion may be intended to form a roof of
the vehicle. The bonding portion may overlap the tub for
bonding the superstructure portion to the tub. The said
material may be a fibre-reinforced material. Reinforcing
fibres may bridge between the superstructure portion and
the bonding portion.
[0015] The first mould may comprise a flexible portion.
The rigidifying step may comprise causing the flexible
portion to flex so as to bear against at least part of the
bonding portion. The flexible portion may press at least
part of the bonding portion against the tub. The first mould
may further comprise a non-flexible portion a surface of
which defines the shape of at least part of the superstruc-
ture portion. The flexible portion may comprise a distal
region and a proximal region located between the distal
region and the superstructure portion, and the distal re-
gion may have greater freedom of movement than the
proximal region. The rigidifying step may comprise ap-
plying pressure to the flexible portion to consolidate the
bonding portion against the tub. Following the rigidifying
step the bonding portion is preferably thinner at an end
remote from the superstructure portion than at an end
proximal to the superstructure portion. A tapering profile
may be achieved by staggering the termination points of
sub-layers or fibres of the material of the bonding portion
such that they terminate at different distances from the
end remote from the superstructure portion.
[0016] The step of forming a rigid tub may comprise:
pressing a hollow body of material against the interior of
a second mould by means of an inflatable core located
within the hollow body; and rigidifying the hollow body
with the inflatable core located therein so as to form at
least part of the tub; keeping the inflatable core in the
hollow body of the tub until the said step of rigidifying
material in the first mould; and the said step of rigidifying
material in the first mould may comprise applying pres-
sure against the first mould by means of the inflatable
core.
[0017] The material of the superstructure may be of a
reinforced resin composite material. The step of rigidify-
ing material in the first mould may comprise curing the
resin. The superstructure may be adhered to the tub by
the resin. Additional adhesive may be incorporated on
the surface of the tub to aid adhesion of the superstruc-
ture.
[0018] At an interface between the superstructure and
the tub the material of the superstructure may split such
that and a first limb of the material extends from the in-
terface in a first direction over the tub and a second limb
of the material extends from the interface in a second
direction over the tub. The angle between the first and

second directions may be between 45° and 135°. During
the step of rigidifying the material in the mould, the first
and second limbs of material are preferably pressurised
against the tub in directions that deviate from each other
by greater than 45°, more preferably greater than 70°.
[0019] The present invention will now be described by
way of example with reference to the accompanying
drawings.
[0020] In the drawings:

Figure 1 shows an adhesive joint.

Figure 2 illustrates an undercut tub.

Figure 3 shows a tub for an automobile.

Figure 4 shows the intended shape of a roof for the
tub of figure 3.

Figure 5 illustrates the manufacture of a roof on a tub.

Figure 6 shows a cross-section through a part of a
join between a tub and a roof during manufacture.

[0021] In the examples to be described below, first a
tub is formed so that it is in a rigid state. Then the tub is
offered up to a mould for a roof and the roof is moulded
integrally with the tub.
[0022] Figure 3 shows a tub for an automobile. The tub
has a floor 10. Upstanding from the sides of the floor are
sills 11, 12. Upstanding from the front and rear of the
floor are front and rear bulkheads 13, 14. The front bulk-
head 13 has attachment points 15 for the front running
gear of the vehicle. The rear bulkhead may have similar
attachment points for the rear running gear. In this way,
the tub bridges between the front and rear running gear.
The vehicle’s powertrain can be attached to the front or
rear bulkhead. Seats for occupants can be installed in-
side the tub.
[0023] The tub can be formed of any suitable material,
but conveniently it can be formed of a reinforced polymer
composite material such as a carbon fibre reinforced pol-
ymer (CFRP). The polymer could, for example be an
epoxy. The polymer could be reinforced with other com-
ponents such as aramid or glass fibres, or particles. Al-
ternatively, the tub could be formed of metal: for example
it could be an aluminium box structure. Taking CFRP as
an example, the tub can be formed by moulding, for ex-
ample in the manner described in EP 2 534 029 A.
[0024] For illustration, figure 4 shows generally (and
ignoring any attachment points, which will be described
in more detail below) the form of the roof that might be
desired to extend from the tub of figure 3. The roof com-
prises front or "A" pillars 20, 21 which would extend from
the front bulkhead 13, rear or "C" pillars 22, 23 which
would extend from the rear bulkhead 14 and a top plate
24 which would form a covering for the interior of the tub
when the roof was attached to the tub. Windows and

3 4 



EP 3 357 796 A1

4

5

10

15

20

25

30

35

40

45

50

55

doors could be installed in the gaps between the pillars.
Other designs of roof are possible. For example it is pos-
sible to do away with the top plate 24 and replace it with
a retractable soft-top or retractable hard-top mechanism.
[0025] As indicated above, in the present example the
roof is attached to the tub by being moulded integrally
with the tub when the tub is already rigid. This can involve
providing a flexible precursor of the roof, contacting a
part of that precursor with the tub whilst that part of the
precursor remains flexible and rigidifying the roof precur-
sor. The roof precursor may contain resin that is destined
to cure to form the matrix of the final roof material; alter-
natively, resin may be flowed through the roof material
during the process. Finally, the roof material is rigidified
and simultaneously bonded to the tub by means of that
resin. Figure 5 illustrates generally the way in which this
can be done. Figure 5 shows a cross-section through a
tub 30 located in an inverted orientation against a mould
31 for a roof. The tub is formed of CFRP. There are hollow
box sections in the tub as shown at 32. To form these
hollow sections the material of the tub has been forced
from the interior against an exterior tub mould and then
cured. Each hollow section contains an inflatable bag or
semi-rigid core 33 which was inflated during the process
of forming the tub in order to force the material of the tub
against the exterior mould. The material that is to form
the roof, which in this case is a CFRP precursor such as
a pre-preg, is laid up in the roof mould, as indicated at
34. Where the superstructure of the roof meets the tub,
at 35, the material of the roof divides so that one part of
it 36 extends in one direction over the surface of the tub
away from meeting point 35 and one part of it 37 extends
in the other direction over the surface of the tub from
meeting point 35. This allows for a relatively large area
of interface between the tub and the material of the roof.
An inflatable bag or semi-rigid core 38 is located within
the cavity 39 defined by the tub and the roof. When the
roof is to be made rigid, the bag 38 is inflated so as to
press the roof material 34 against the roof mould 31. The
bag 33 in the tub can be pressurised at the same time,
and pressure can also be applied if necessary against
the exterior of the roof mould. Then the roof material is
heated to cause it to cure whilst it is being pressed against
the tub. Once the roof has been cured, the pressure can
be released and the mould can be removed from the roof.
Curing of the roof material could be initiated or acceler-
ated by conditions other than heat.
[0026] In figure 5 the interior bag is capable of occu-
pying the entire interior volume of the roof and tub. To
make it easier to apply pressure to the interior of the roof
there could be a rigid interior roof mould which generally
follows the contours of the desired interior surface of the
roof, and an inflatable bag could be located between that
internal mould and the roof material.
[0027] Figure 6 shows in more detail a cross-section
of the interface between the roof and the tub.
[0028] The tub, which is rigid and has already been
cured, is shown at 50. The cross-section of figure 6 is

through a hollow region of the tub. The hollow region
contains an inflatable bag 51 which was used to press
the material of the tub against an exterior mould when
the tub was being cured.
[0029] The roof is not yet cured. In this example the
roof is formed from a pre-preg, but it could be formed
from non-impregnated fibres through which resin is to be
applied after the fibres have been laid up, for example
by flowing resin through the fibres during the moulding
process. Depending on the nature of the roof mould, the
pre-preg or the fibres to form the roof could be laid up in
the mould before or after the tub is offered up to the roof
mould. In this example, the pre-preg 52 is laid up in the
roof mould 53, 54 before the tub is offered up to the roof
mould. The superstructure of the roof is in the form of a
single monolithic sheet. Where the superstructure meets
the tub, at junction 55, the plies of the pre-preg diverge.
Some plies 56 of the pre-preg extend in one direction
across the surface of the tub. Other plies 57 of the pre-
preg extend from junction 55 in the opposite direction
across the surface of the tub. This provides for a relatively
large interface area between the tub and the roof. Fur-
thermore, because the plies 56 and 57 diverge at a sub-
stantial angle, the joint (when cured) can be highly re-
sistant to peeling forces. To this end, it is preferred that
plies 56 and 57 diverge at an angle of between 45° and
135°, more preferably between 60° and 100°. It is advan-
tageous for the angle of divergence to be less than 90°
(e.g. between 45° and 90°, or between 60° and 90°) be-
cause then the plies 56 and 57 will cup around the lip of
the tub, providing additional strength. The angle of diver-
gence may be assessed by considering the average di-
rection of the set of plies in question in a direction per-
pendicular to the junction 55, or by considering the min-
imum angle of divergence of any of the plies of each set
in directions perpendicular to the junction 55. The junc-
tion 55 is preferably not outboard of the outermost part
of the lip of the tub; and in that condition an angle of
divergence less than 90° requires the lip of the tub to
overhang a lower part of the tub to which the plies 57
extend.
[0030] In the configuration shown in figure 6, the junc-
tion 55 is at the outermost point on the top of the tub,
plies 56 extend inwards along part or all of a top surface
of the tub and plies 57 extend down part or all of the outer
side surface of the tub. In another embodiment the junc-
tion 55 could be at the innermost point on the top of the
tub, plies 56 could extend inwards along a top surface of
the tub and plies 57 could extend down part or all of the
inner side surface of the tub. In another embodiment the
junction 55 could be between the innermost and outer-
most points on the top of the tub, and plies 56 and 57
could extend away from each other across the top of the
tub and then optionally down one or both of the interior
and exterior sides of the tub.
[0031] Inside the void defined by the roof and the tub
is an internal vacuum bag 60. Vacuum bag 60 could fill
the whole of that void, or it could be located between an
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internal roof mould and the non-cured roof material. The
internal vacuum bag is located so that when inflated it
will press the main structure of the roof (at 52) against
the interior of the exterior roof mould 53 and will also
press arm 56 of the split ply section against the tub - in
this case against an upward-facing surface of the tub.
[0032] The exterior mould tool is formed of two parts
53 and 54. Part 53 is a rigid mould tool whose interior
surface is shaped to the intended external surface of the
roof. The rigid mould part 53 could be sufficiently strong
to oppose by itself the pressure from internal bag 56, but
that could result in the rigid mould part being excessively
heavy, and so it is preferred that the rigid mould part is
encased in an outer pressure bag 58 that can resist the
pressure from the interior of the mould. In practice, the
pressure could be applied by applying suction through a
port 59 in the outer bag. That port could contain a one-
way valve. When the roof is to be moulded a vacuum can
be drawn through port 59. Atmospheric pressure in in-
ternal bag 60 will then cause that bag to inflate, whilst
atmospheric pressure acting on the exterior of external
bag 58 will press it against the mould tools 53, 54. It may
be advantageous to apply higher than atmospheric pres-
sure to the exterior of the mould tools and/or to the internal
bag 56, for example by means of an autoclave.
[0033] Attached to rigid mould tool 53 is a flexible or
soft mould tool 54. Rigid mould tool 53 defines the exterior
surface of the roof where the roof does not overlap the
tub. Flexible mould tool 54 defines the exterior surface
of the roof where arm 57 of the split ply section overlaps
the tub. The flexible mould tool could, for example, be a
plate formed of flexible metal or carbon fibre sheet. Mul-
tiple such plates could cover the join between the roof
and the tub. At its interface 61 with the rigid mould tool
53 the flexible mould tool is attached to the rigid mould
tool. It could be bolted or clamped to the rigid mould tool;
or the two could be integrated, with the flexible mould
tool being thinner than the rigid mould tool or separated
from it by a pliable hinge region. The location of the part
of the flexible mould tool that is adjacent the rigid mould
tool (at 62) is defined, by virtue of its proximity to the rigid
mould tool. Further from that point 62 the flexible mould
tool, which is enveloped by the exterior bag 58, can de-
form towards the tub when a pressure is applied on it by
the exterior bag 58. The material 57 of the roof is located
between the tub 50 and the flexible tool, so when the
flexible tool is deformed towards the tub it presses the
roof material against the tub. That pressure could be re-
sisted solely by the tub, or additionally by pressure from
the bag 51 that is internal to the cavity of the tub.
[0034] The flexible tool 54 has a number of effects.
First, by flexing towards the tub it presses the material
of the roof against the tub, consolidating the material to
make a good joint between the roof and the tub. Second,
the flexible tool can be of a material that is flexible but
yet self-supporting and/or stiffer than the roof precursor
material, unlike a typical vacuum bag. It may be stiffer
than the material of the vacuum bag 58 that bears against

it. Such a tool can impose a notably smooth outer surface
on the joint between the tub and the roof, which is impor-
tant if that joint will be exposed or will act as a functional
surface on the finished vehicle. Third, in contrast to rigid
tools, the flexibility of tool 54 means that it can press the
roof material even against undercut regions of the tub,
allowing good resistance to peeling loads. Once the roof
has been moulded against the tub, if a flexible tool has
been used to press the material of the roof against the
undercut regions of the tub then the tool can still be lifted
away from the tub when the roof is demoulded without
the mould being disassembled.
[0035] It can be advantageous for the roof material that
overlaps the tub to have a tapered or "feather edge" pro-
file so that it is thicker adjacent the superstructure and
thinner at its distal end 63 remote from the superstructure.
A tapered profile can be achieved by staggering the ends
of the plies of the roof material, so that successive plies
are dropped off towards the distal end 63. The distal ter-
mination of the roof material 57 could be of single-ply
thickness. When the tub and roof structure is in service,
this tapered profile reduces stress concentrations in the
tub. Compared to the joint shown in figure 1, stress con-
centrations are also reduced because of the absence of
the thickness of adhesive layer 3.
[0036] To summarise one example of a process for
moulding the roof, pre-preg carbon fibre / resin material
to form the roof is laid up in the exterior roof mould 53,
54. The interior bag 60 is loaded into the mould space.
Then the tub is offered up to the mould so that it sits
loosely against arms 56 and 57 of the pre-preg. The
whole structure is wrapped in outer bag 58. An autoclave
vacuum is drawn through port 59 to pull the main roof
structure against the interior of rigid mould body 53, to
pull the wing 56 of the roof material against the top of the
tub and to cause flexible tool 54 to flex and thereby press
wing 57 of roof material against the exterior of the tub.
The tub itself could react the loads against it, or bag 51
within the tub could be pressurised to react the loads.
Then the structure is heated to cure the resin of the roof
material. Finally the structure is demoulded by removal
of the bags and mould bodies. Bags inside the tub (e.g.
bag 51) may be left in situ if desired.
[0037] The resulting structure is a monocoque consist-
ing of a vehicle tub to which a roof has been integrally
moulded. The roof adheres to the tub by virtue of the
resin that reinforces the roof, rather than by supplemen-
tary adhesive. Thus, when the roof is formed from a pre-
preg, it is the resin present in the pre-preg that adheres
the roof to the tub. If the roof is formed by resin transfer
moulding, it is the resin that flows into the laid-up fibres
during the moulding process that adheres the roof to the
tub.
[0038] Each of the vacuum bags 51, 58, 60 could in-
dependently be an inflatable semi-rigid body, e.g. a flex-
ible and/or elastic polyethylene box, or a fully flexible
and/or elastic bag. Exterior bag 58, if present, could sur-
round both the roof mould 53, 54 and the tub, or it could
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surround the roof but seal against the tub.
[0039] The roof could be co-cured on to the tub in the
manner described above in any orientation. However, it
is convenient for the roof to be moulded to the tub with
the tub upside down and sitting on the roof mould, as
illustrated in figure 5. This allows the fibres of the roof to
be laid up more easily.
[0040] The tub is fully cured and rigid before the proc-
ess of curing the roof begins, and preferably before it is
offered up to the roof mould. The tub could be formed by
resin transfer moulding. Preferably the tub is formed of
the same material as the roof, since that gives the great-
est stability to the joint between the tub and the roof. It
is particularly advantageous if the tub and roof are of
composite materials whose matrix material is the same.
Some or all of the regions of the tub that will make contact
with the roof material could be treated before the roof is
cured to improve adhesion between the tub and the roof.
For example, those regions could be abraded to roughen
their exterior surfaces or they could be less than fully
loaded with resin so that they are porous and/or have
exposed fibre relief at their external surfaces. The tub
could be augmented with a film of adhesive in the regions
where the tub where will make contact with the material
of the roof. This could improve the adhesion of the roof
to the tub. Alternatively, there could be an absence of
adhesive between the tub and the material of the roof,
and the roof could be bonded to the tub solely by one or
more adhesives intimately comprised in the roof material
itself.
[0041] The tub and/or the roof can be formed of any
suitable material, and could be of the same or different
materials. Conveniently, the roof is formed of a polymer-
based material, such as a composite material having a
polymer matrix. Preferably the matrix is formed of a ma-
terial whose curing is initiated or accelerated on applica-
tion of heat. The matrix could be formed of a resin such
as an epoxy resin. The roof could be formed of a fibre-
reinforced material. Conveniently it can be formed of a
reinforced polymer composite material such as a carbon
fibre reinforced polymer. A matrix of the roof material
could be reinforced with other components such as ara-
mid or glass fibres, or particles.
[0042] It is desirable to have good control over the lo-
cation of the roof relative to the tub, so that when items
such as doors and windows come to be fitted to the re-
sulting vehicle there are no dimensional problems in lo-
cating them against the tub/roof structure. This can be
done by providing the tub with datum structures and lo-
cating the roof mould 31 / 53, 54 against those structures.
The datum structures could be machined or moulded into
the tub. The same datum structures could be used to
locate components of the vehicle against the tub when
those components are attached. For example, the roof
mould could be located against the tub by aligning refer-
ence points on the roof mould with datum points on the
mounting structures 15 of the tub. Then the same datum
points could be used when the front running gear is at-

tached to those structures. Dimensional integrity is par-
ticularly significant when a functional surface of the
tub/roof structure bridges the tub and the roof; as, for
example, with a door seal.
[0043] The use of flexible tools for consolidating re-
gions of the roof material that overlap the tub also helps
dimensional stability. Because the flexible tools are stiffer
than a simple vacuum bag they impose a relatively
smooth surface on the parts of the roof that they act
against. If those parts include functional surfaces such
as door sealing surfaces, that smoothness can improve
the effectiveness and reliability of those surfaces. If those
parts include surfaces that will be exposed in the final
vehicle, that smoothness can improve the aesthetics of
those surfaces.
[0044] Some parts of the roof could be monolithic, as
shown at 52 in figure 6. Parts of the roof could be hollow.
Similar techniques to those described above could be
used for attaching to a tub an element that is not a full
roof, for example a roll-over protection hoop, or for at-
taching a structure to a pre-cured component that is not
a tub.
[0045] The flexible tools 54 are conveniently made of
thin sheets of rigid material such as aluminium, steel or
carbon fibre. The tools are preferably sufficiently stiff that
they are self-supporting and will not buckle when pressed
against the roof material and the tub by autoclave pres-
sure, but sufficiently flexible that they will deform inwardly
under autoclave pressure to consolidate the roof material
against the tub. A typical vacuum bag as used in moulding
is capable of stretching during the moulding process, es-
pecially at elevated temperatures. In contrast, a flexible
tool as used in the present process is preferably capable
of flexing perpendicular to its major plane, but not capable
of stretching in that plane during the moulding process.
Furthermore, a typical vacuum bag is sufficiently soft that
during the moulding process it will flex to conform to local
irregularities, such as steps, in the part against which it
is pressed. In contrast, the flexible tool is preferably suf-
ficiently stiff that during the moulding process it will not
conform to such irregularities. For example, the flexible
tool could be sufficiently stiff that during the moulding
process it cannot adopt a bend radius of less than 5cm,
more preferably 20cm. The flexible tool is preferably an-
chored to the rigid tool. During the moulding process the
rigid tool is preferably held fast with the tub. As a result
of the flexible tool being anchored to the rigid tool and
the rigid tool being held relative to the tub, the degree of
movement of the flexible tool towards the tub under pres-
sure is preferably dependent on the stiffness of the flex-
ible tool. Parts of the flexible tools could be rigid with the
exception of a weaker pliable zone at their join to the rigid
mould tool (e.g. at 62 in figure 6). Alternatively the entire
area of the flexible mould tool that interfaces with the roof
material could be capable of deforming under autoclave
pressure. In the system as illustrated in figure 6 the flex-
ible tools are separate from the external vacuum bag 58
and cannot by themselves support a pressure differential
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between one side of them and the other. In an alternative
embodiment the external vacuum bag could be made
integral with the flexible tools, so it would have a relatively
stiff region where it constitutes the flexible tools and
would be more flexible elsewhere.
[0046] The applicant hereby discloses in isolation each
individual feature described herein and any combination
of two or more such features, to the extent that such
features or combinations are capable of being carried
out based on the present specification as a whole in the
light of the common general knowledge of a person
skilled in the art, irrespective of whether such features or
combinations of features solve any problems disclosed
herein, and without limitation to the scope of the claims.
The applicant indicates that aspects of the present in-
vention may consist of any such individual feature or com-
bination of features. In view of the foregoing description
it will be evident to a person skilled in the art that various
modifications may be made within the scope of the in-
vention.

ANNEX TO THE DESCRIPTION

[0047]

1. A method for forming a vehicle body, comprising:

forming a rigid tub;
mating the rigid tub to a first mould for a super-
structure of the vehicle body; and subsequently
rigidifying material in the first mould whilst part
of that material is in contact with the tub to there-
by form the superstructure of the vehicle body
integral with the tub.

2. A method as in 1, wherein the step of mating the
rigid tub to the first mould comprises locating the tub
to the first mould by aligning a datum feature on the
tub with a datum feature on the first mould.

3. A method as in 2, comprising, after the said curing
step, attaching a component of the vehicle to the tub
with the datum feature on the tub aligned with a da-
tum feature on the component.

4. A method as in 3, wherein the component is a part
of the running gear or powertrain of the vehicle.

5. A method as in 1 to 4, wherein the said material
comprises a superstructure portion and a bonding
portion integral with the superstructure portion and
in contact with the tub.

6. A method as in 5, wherein the said material is a
fibre-reinforced material and fibres of the material
extend between the superstructure portion and the
bonding portion.

7. A method as in 5 or 6, wherein the first mould
comprises a flexible portion and the rigidifying step
comprises causing the flexible portion to flex so as
to bear against at least part of the bonding portion.

8. A method as in 7, wherein the first mould further
comprises a non-flexible portion a surface of which
defines the shape of at least part of the superstruc-
ture portion.

9. A method as in 7 or 8, wherein:
the flexible portion comprises a distal region and a
proximal region located between the distal region
and the superstructure portion, and the distal region
has greater freedom of movement than the proximal
region.

10. A method as in any of 7 to 9, wherein the rigidi-
fying step comprises applying pressure to the flexible
portion to consolidate the bonding portion against
the tub.

11. A method as in 10, wherein following the rigidi-
fying step the bonding portion is thinner at an end
remote from the superstructure portion than at an
end proximal to the superstructure portion.

12. A method as in any of 1 to 11, wherein the step
of forming a rigid tub comprises:

pressing a hollow body of material against the
interior of a second mould by means of an in-
flatable core located within the hollow body; and
rigidifying the hollow body with the inflatable
core located therein so as to form at least part
of the tub;
keeping the inflatable core in the hollow body of
the tub until the said step of rigidifying material
in the first mould; and
the said step of rigidifying material in the first
mould comprises applying pressure against the
first mould by means of the inflatable core.

13. A method as in any of 1 to 12, wherein:

the material of the superstructure is of a rein-
forced resin composite material;
the step of rigidifying material in the first mould
comprises curing the resin; and
the superstructure is adhered to the tub by the
resin.

14. A method as in any of 1 to 13, wherein at an
interface between the superstructure and the tub the
material of the superstructure bifurcates such that
and a first limb of the material extends in a first di-
rection over the tub and a second limb of the material
extends in a second direction over the tub, the angle
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between the first and second directions being be-
tween 45° and 135°.

15. A method for forming an integrated structure
comprising first and second bodies, the method com-
prising

forming the first body in a rigid state and subse-
quently:

preparing a mould for the second body, the
mould being mated to the first rigid body and
the mould comprising a first, rigid zone ad-
jacent to first precursor material for the sec-
ond body and a second, flexible zone adja-
cent to second precursor material for the
second body;
applying pressure against the flexible zone
to urge the second precursor material
against the first body; and
rigidifying the precursor material whilst the
second precursor material is in contact with
the first body.

16. A method as in 15, wherein the second, flexible
zone is anchored to the first, rigid zone.

17. A method as in 16, wherein during the rigidifying
step the second, flexible zone is anchored to the first,
rigid zone at the boundary of the first body.

18. A method as in 16 or 17, wherein the second,
flexible zone is constituted by one or more flexible
plates attached to the first, rigid zone.

19. A method as in any of 16 to 18, wherein during
the rigidifying step the second, flexible zone has
greater mobility relative to the first body at an end
remote from the first, rigid zone than at an end ad-
jacent the first, rigid zone.

20. A method as in any of 15 to 19, wherein the step
of applying pressure comprises causing the second
precursor material to adopt a tapering profile that
becomes thinner towards an edge of the second pre-
cursor material remote from the first precursor ma-
terial.

21. A method as in any of 15 to 20, wherein the pre-
cursor material comprises a resin matrix and a rein-
forcing component and the rigidifying step comprises
bonding the second body to the first body by means
of the resin comprised in the precursor material.

22. A method as in any of 15 to 21, wherein the first
body comprises an adhesive layer and wherein dur-
ing the step of rigidifying the precursor material the
second precursor material is in contact with the ad-

hesive layer of the first body.

23. A method as in any of 15 to 22, wherein the step
of applying pressure comprises applying a pressure
by means of an inflatable flexible bag bearing against
the second, flexible zone.

Claims

1. A method for forming an integrated structure com-
prising first and second bodies, the method compris-
ing

forming the first body (30; 50) in a rigid state and
subsequently:

preparing a mould (31; 53, 54) for the sec-
ond body (34), the mould being mated to
the first rigid body and the mould comprising
a first, rigid zone (53) adjacent to first pre-
cursor material (52) for the second body and
a second, flexible zone (54) adjacent to sec-
ond precursor material (57) for the second
body;
applying pressure against the flexible zone
to urge the second precursor material
against the first body; and
rigidifying the precursor material whilst the
second precursor material is in contact with
the first body.

2. A method as claimed in claim 1, wherein the second,
flexible zone is anchored to the first, rigid zone.

3. A method claimed as in 2, wherein during the rigid-
ifying step the second, flexible zone is anchored to
the first, rigid zone at the boundary (55) of the first
body.

4. A method as claimed in claim 2 or claim 3, wherein
the second, flexible zone is constituted by one or
more flexible plates attached to the first, rigid zone.

5. A method as claimed in any of claims 2 to 4, wherein
during the rigidifying step the second, flexible zone
has greater mobility relative to the first body at an
end (63) remote from the first, rigid zone than at an
end adjacent the first, rigid zone.

6. A method as claimed in any of claims 1 to 5, wherein
the step of applying pressure comprises causing the
second precursor material to adopt a tapering profile
that becomes thinner towards an edge of the second
precursor material remote from the first precursor
material.

7. A method as claimed in any of claims 1 to 6, wherein
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the precursor material comprises a resin matrix and
a reinforcing component and the rigidifying step com-
prises bonding the second body to the first body by
means of the resin comprised in the precursor ma-
terial.

8. A method as claimed in any of claims 1 to 7, wherein
the first body comprises an adhesive layer and
wherein during the step of rigidifying the precursor
material the second precursor material is in contact
with the adhesive layer of the first body.

9. A method as claimed in any of claims 1 to 8, wherein
the step of applying pressure comprises applying a
pressure by means of an inflatable flexible bag (38;
51) bearing against the second, flexible zone.
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