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Description

Field of the Invention

�[0001] The present invention is generally related to
motor vehicle frames and more particularly to space
frames that utilize tubular hydroformed members.

Background of the Invention

�[0002] Space frame architecture is increasingly being
used in vehicle manufacturing and represents a relatively
new approach to vehicle construction. A space frame is
an assembly of individual frame components that are
connected at joints to form a cage-�like structure on which
the other vehicle components, such as the engine, the
drive train, the suspension and the hang-�on vehicle body
parts, are mounted. The hang-�on vehicle body parts may
include the floor pan, roof, fenders, doors, body panels,
hood and trunk lid.
�[0003] Individual space frame components can be of
hydroformed construction. Tubular hydroforming offers
many advantages in space frame construction because
it allows vehicle manufacturers to better control frame
stiffness, dimensional accuracy, fatigue life, and crash-
worthiness over prior vehicle construction methods while
reducing frame mass and cost. Non-�hydroformed vehicle
frame construction typically utilizes individual frame com-
ponents that are formed, for example, by roll forming or
by forming several metallic structures by stamping and
then welding them together. Hydroforming is a metal-
forming process in which high pressure fluid is used to
outwardly expand a tubular blank into conformity with
surfaces of a die cavity of a die assembly to form an
irregularly shaped tubular part. Individual hydroformed
members can be provided with a wider range of complex
longitudinal curvatures and transverse cross sectional
shapes in comparison with stamped or roll formed parts.
Each hydroformed member can have a transverse cross-
sectional configuration that varies continuously along its
length, to the configuration desired.
�[0004] Hydroformed parts are also advantageous be-
cause they have a higher strength than stamped parts,
partly because of their tubular (i. e., closed cross sec-
tional) construction and partly because the outward ex-
pansion of the wall of the blank during hydroforming
caused by the fluid pressure creates a work-�hardening
effect which uniformly hardens the metallic material of
the resulting individual hydroformed member. Hydrofor-
ming also produces less waste metal material than
stamping.
�[0005] Sheet metal panels (forming exterior surface
portions of, for example, the fenders, the hood, the roof
and the hatchback or trunk) and glass panels (such as,
for example, the front and rear windshields and the side
windows) mounted on the space frame comprise most
of the exterior of the vehicle. In recent years consumers
have preferred vehicles having curved exterior surfaces

and rounded corners and edges.
�[0006] Although many consumers prefer vehicles hav-
ing these curved and rounded exterior surfaces for aes-
thetic reasons, these body types offer many functional
advantages beyond the improved aesthetics. Vehicles
having curved and rounded exterior surfaces, for exam-
ple, have improved aerodynamic properties. Improved
aerodynamics provide many advantages, including im-
proved fuel efficiency and improved vehicle handling,
particularly at high speeds. Curved and rounded vehicle
exterior surfaces (including both glass and metal surfac-
es) are generally convex and therefore scatter reflected
light more efficiently than flat exterior surfaces, thereby
improving driver visibility in direct sunlight. It is particu-
larly desirable in this regard that the exterior surface on
the back of the vehicle be rounded to avoid reflecting a
large quantity of bright sunlight toward drivers in other
vehicles.
�[0007] US 6,092,865 discloses a space frame for a mo-
tor vehicle comprising only a few hydroformed turbular
members which are appropriately constructed and ar-
ranged to provide a space frame whose construction and
assembly is made simpler than it is the case with previous
conventional space frames. Therefore, the space frame
disclosed by US 6,092,865 comprises a pair of laterally
spaced longitudinally extending side rail structures, said
side rail structures each having an upwardly arched por-
tion defining a pair of wheel wells, a pair of forward-�most
upright structures, each being connected to a respective
side rail structure, thereby forming a pair of A- �pillars, a
pair of roof rail structures, a forward end of each roof rail
structure being connected to an upper end of an associ-
ated A-�pillar, and a rearward ring assembly connected
at upper portions thereof with that roof rail structures and
at bottom portions thereof with that side rail structures.
The rearward ring assembly comprises a tubular hydro-
formed inverted U-�shaped upper member, a pair of tu-
bular hydroformed side members, and a cross structure
rigidly connected in ring forming relation between the side
members rearwardly of the wheel wells. The side rail
structures, the A-�pillars, the roof rail structures and the
rearward ring assembly generally define a space frame
interior region and the rearward ring assembly provides
a rearward opening into the interior region.
�[0008] For a vehicle body to have a curved exterior
surface, portions of the space frame which support the
metallic and glass body panels must often have a similar
curvature. Although tubular blanks can be hydroformed
so that the transverse crosssectional geometry and the
longitudinal shape (for example, the longitudinal curva-
ture) of the finally- �formed hydroformed member varies
greatly, some space frame components must have a very
complex geometry which cannot easily be achieved by
using a component comprised of a hydroformed member
formed from a single tubular blank.
�[0009] There are several reasons for the practical lim-
itations on the complexity of the geometry of an individual
hydroformed member. During hydroforming, a tubular
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metallic blank is usually expanded radially outwardly
along its length and is pushed axially inwardly at each
end during this outward expansion to control the wall
thickness, thereby preventing the localized wall thinning
that would otherwise occur during outward expansion.
This axial pressure exerted on the ends of the blank caus-
es portions of the outer surface of the tubular blank to
slide in an axial direction with respect to the die cavity
surface. The greater the degree of outward expansion of
the blank into conformity with the die surface and the
greater the radially directed outward pressure (caused
by the internal fluid pressure), the greater the surface-�to-
surface frictional force between the cavity and the blank.
A lubricant is often applied to the outer surface of the
blank prior to placement of the blank in the die cavity of
the die assembly to facilitate axial movement of the me-
tallic wall of the blank with respect to the surface defining
the die cavity during outward expansion. If required by
the geometry of the hydroformed member, the tubular
blank may be pre-�bent at selected locations along its
length prior to placement into the die cavity. The more
complex the geometry of the blank due to pre-�bending
and the longer the length of the tubular blank, the more
difficult it is to achieve axial flow of the metallic material
of the tubular blank during outward expansion. Conse-
quently, some complex individual tubular hydroformed
space frame member geometric configurations cannot
be achieved with commercially available hydroforming
technology, and other complex tubular hydroformed
space frame geometric configurations cannot be
achieved in a cost effective and commercially feasible
manner starting from a single tubular metallic blank.
Therefore there may be a need to form some space frame
components having complex geometric configurations
by hydroforming a plurality of individual hydroformed
members and then connecting them together.
�[0010] A rearward opening in a space frame for a
sports utility-�type vehicle (or a rearward opening of other
types of vehicles such as a station wagons or vehicles
having a hatchback- �type opening) may be provided by a
closed loop or ring- �like structure. A suitable ring-�like
structure must often have a complex geometry to provide
suitably shaped support structure for curved and rounded
vehicle body sheet metal and glass panels while provid-
ing an opening having a desired configuration. It is par-
ticularly important, for example, that the rear opening de-
fined by the rear ring-�like structure provide optimal driver
field of vision when a driver looks into his or her central
rear view mirror. There is a need in the vehicle manufac-
turing industries for a rear ring- �like structure provided by
a rearward ring assembly of tubular hydroformed con-
struction that can provide the complex geometry required
for contemporary vehicles.

Summary of the Invention

�[0011] To meet the needs identified above, the inven-
tion provides a space frame for a motor vehicle compris-

ing the features defined in claim 1 and a method of form-
ing a space frame comprising the steps defined in claim
13.
�[0012] Other objects, features, and advantages of the
present invention will become apparent from the follow-
ing detailed description, the accompanying drawings,
and the appended claims.

Brief Description of the Drawings

�[0013]

FIG. 1 shows a perspective view of a motor vehicle
space frame that is constructed according to the prin-
ciples of the invention and that includes a rearward
ring assembly constructed according to the princi-
ples of the present invention;
FIG. 2 shows an embodiment of a motor vehicle
space frame that includes a cradle assembly con-
structed according to the principles of the present
invention;
FIG. 3 shows the cradle assembly in isolation;
FIG. 4 shows the space frame of FIG. 2 in side ele-
vation view;
FIG. 5 shows a perspective view of the rearward ring
assembly and a hydroformed cross member in iso-
lation;
FIG. 6 shows a perspective view of the rearward ring
assembly in isolation;
FIG. 7 shows a rear elevational view of the rearward
ring assembly and the hydroformed cross member
in isolation;
FIG. 8 shows a side elevational view of the rearward
ring assembly in isolation;
FIG. 9 shows and exploded view of the rearward ring
assembly;
FIG. 10 shows a cross sectional view of a portion of
the rearward ring assembly taken through the line
10-10 of FIG. 7; and
FIG. 11 is a schematic cross sectional view of an
exemplary hydroforming assembly.

Detailed Description of the Preferred Embodiment of the 
Invention

�[0014] FIG. 1 shows a space frame, generally desig-
nated 10, constructed according to the principles of the
present invention. The space frame 10 generally includes
a pair of laterally spaced, longitudinally extending side
rail structures 12, a laterally extending rearward connect-
ing structure 14 connected between rearward portions
of the side rail structures 12 and a pair of forward- �most
upright structures 16. Each forward- �most upright struc-
ture 16 is connected to a respective side rail structure 12
and extends generally upwardly therefrom to form a pair
of A pillars. A pair of roof rail structures 18 are disposed
on each side of the space frame 10 in generally vertically
spaced relation above the side rail structures 12 and are
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connected to the space frame 10 in a manner described
below.
�[0015] The space frame 10 includes a rearward ring
assembly 20. The rearward ring assembly 20 is shown
in isolation in FIGS. 5-9 and is described in detail below.
It can be appreciated from FIG. 1 that the rearward ring
assembly 20 includes a tubular hydroformed inverted U-
shaped upper member 22 and a pair of tubular hydrofor-
med side members 24, 26. The side members 24, 26 are
preferably of mirror image construction so only member
24 will be discussed in detail, but the discussion applies
equally to member 26. Generally, in the present applica-
tion, when a pair of structures or members are identified
as being of mirror image construction, only one structure
or member is discussed in detail, but the discussion ap-
plies to both. The upper member 22 is an integral struc-
ture having a cross portion 28 and a pair of legs 30 ex-
tending downwardly from junctures 31 at opposite ends
of the cross portion 28.
�[0016] The pair of tubular hydroformed side members
24, 26 are each connected at a first end thereof with a
free end of a respective side portion 30 of the upper mem-
ber 22. The cross portion 28 of the upper member 22 and
the pairs of connected side portions and side members,
30, 24 and 30, 26, respectively, thereby define a cross
portion and pair of leg portions, respectively, of a tubular
hydroformed inverted generally U-�shaped assembly 32.
The cross portion of the U-�shaped assembly 32 is iden-
tical to the cross portion 28 of the upper member 22 and
will therefore be referred to by the same reference nu-
meral. The leg portions of the U-�shaped assembly 32 are
designated 34 and 36 to facilitate discussion of the in-
vention. Cross structure, generally designated 38, is rig-
idly connected in ring-�forming relation between the sec-
ond ends of the side members 24, 26 in a manner best
seen in FIGS. 5-7. The structure of the rearward ring
assembly 20 is considered in detail below.
�[0017] The manner in which the assembled rearward
ring assembly 20 is connected to the space frame 10 can
be understood from FIG. 1. The cross structure assembly
38 is connected to the rearward connecting structure 14
such that the cross structure assembly 34 extends later-
ally between the side rail structures 12 and each leg por-
tion 34, 36 of the U- �shaped assembly 32 is connected to
an associated side rail structure 12 and extends generally
upwardly with respect thereto, thereby forming a pair of
rearward-�most or "D" pillars 34, 36. Each roof rail struc-
ture 18 is connected between an upper end of a respec-
tive A pillar 16 and an associated juncture 31 of the rear-
ward ring assembly 20. The side rail structures 12, the
A pillars 16, the roof rail structures 18 and the rearward
ring assembly 20 generally define a space frame interior
region 40 and the rearward ring assembly 20 provides a
rearward opening into the interior region 40.
�[0018] Before the rearward ring assembly 20 is con-
sidered in detail, the construction of the space frame 10
will be considered. The space frame 10 includes a pair
of tubular hydroformed upper longitudinal members 42,

44 which are mounted on respective side rail structures
12. Each hydroformed member is defined by an outward-
ly deformed tubular metallic wall fixed into a predeter-
mined surface configuration. The upper longitudinal
members 42, 44 are preferably of mirror image construc-
tion. Each upper longitudinal member 42 has a pillar-
forming portion 46 and an integral longitudinally extend-
ing portion 48. The pillar- �forming portion 46 of each upper
longitudinal member 42 is connected to a respective side
rail structure 12 and extends upwardly therefrom to pro-
vide one A-�pillar 16 of the pair of A-�pillars 16. The longi-
tudinally extending portion 48 of the upper longitudinal
member 42 extends rearwardly from the pillar-�forming
portion 46 and a free end the longitudinally extending
portion 48 is connected to an associated juncture 31 of
the rearward ring assembly 20. The longitudinally extend-
ing portions 48 of the upper longitudinal members 42, 44
define the pair of roof rail structures 18.
�[0019] The longitudinally extending portion 48 of each
upper longitudinal member 42 also defines a longitudinal
length between the forward- �most or A pillar and the as-
sociated rearward-�most or D pillars 34, 36 (defined by
the leg portions 34, 36 of the tubular hydroformed U-
shaped assembly 32 of the rearward ring assembly 20,
as will become clear) on each side of the space frame
10. The longitudinal length define by each integral hy-
droformed longitudinally extending portion 48 minimizes
the stacked tolerances between the forward-�most 16 and
rearward- �most pillars 34, 36 as taught and described in
detail in commonly assigned United States Patent Appli-
cation Serial Number 09/173,554 entitled HYDROFOR-
MED SPACE FRAME AND METHOD OF MANUFAC-
TURING THE SAME hereby incorporated by reference
in its entirety into the present application for all material
disclosed therein.
�[0020] A pair of first and second hydroformed inverted
U-�shaped members 50, 52 are mounted between the
side rail structures 12. Each inverted U-�shaped member
50, 52 includes a cross portion 54, 56, respectively, and
a pair of leg portions 58, 60, respectively, extending in-
tegrally from junctures at opposite ends of the cross por-
tions 54, 56. Each leg portion 58 of the first U-�shaped
member 50 is connected to a respective side rail structure
12 and extends upwardly therefrom and each juncture
thereof is connected to the longitudinally extending por-
tion 48 of an associated upper longitudinal member 42,
44. The leg portions 58 of the first U-�shaped member 50
thereby define a pair of B pillars of the space frame 10.
Each leg portion 60 of the second U-�shaped member 52
is connected to an arched wheel well-�forming portion 66
of a respective side rail structure 12 and extends upward-
ly therefrom and each juncture of the second U-�shaped
member 52 is connected to the longitudinally extending
portion 48 of an associated upper longitudinal member
42, 44. The leg portions 60 of the second U-�shaped mem-
ber 52 thereby define a pair of C pillars of the space frame.
�[0021] Preferably each side rail structure 12 is com-
prised of a tubular hydroformed forward side rail member
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72, 74, respectively, and a tubular hydroformed rearward
side rail member 76, 78, respectively. The forward side
rail members 72, 74 are of mirror image construction and
the rearward side rail members 76, 78 are of mirror image
construction. The forward side rail member 72 has an
essentially straight forward portion 82, an outwardly an-
gled intermediate portion 84 and an essentially straight
rearward portion 86. The rearward side rail member 76
has a short essentially straight forward portion 88, an
upwardly arched intermediate portion 90 (that forms the
wheel well 66) and an essentially straight rearward por-
tion 92. The forward and rearward side rail members 72,
76 are preferably telescopically interengaged and weld-
ed together to form a joint 80 therebetween.
�[0022] A front bumper beam assembly 94 is laterally
connected across the forward ends of the forward side
rail members 72, 74. The forward-�most end of each for-
ward side rail member 72, 74 includes an integral hydro-
formed collapsible forward terminal end portion 96 that
is constructed and arranged to collapse in a controlled,
energy absorbing manner in the event of a front and col-
lision, thereby absorbing impact energy.
�[0023] A rear bumper beam assembly 98 is connected
across the rearward ends of the rearward side rail mem-
bers 76, 78. The rearward side rail members 76, 78 in-
clude integral hydroformed collapsible rearward terminal
end portions 100 that are constructed and which function
similarly to the collapsible forward terminal end portions
96.
�[0024] A pair of connecting structures are connected
laterally between the side rail structures 12 forwardly and
rearwardly, respectively, of the wheel wells 66. Prefera-
bly, the connecting or cross structures are provided by
intermediate and rearward tubular hydroformed connect-
ing or cross members 102, 104. Preferably, the rearward
tubular hydroformed connecting member 104 comprises
the rearward connecting structure 14. For discussion pur-
poses, the hydroformed cross members 102, 104 are
also referred to as the intermediate and rearward con-
necting structures 102, 104. The intermediate and rear-
ward connecting structures 102, 104 are connected lat-
erally between the side rail structures 12 forwardly and
rearwardly, respectively, of the wheel wells 66. Specifi-
cally, each end of each cross member 102, 104 is se-
cured within pairs of aligned openings 101, 103, respec-
tively, formed in the rearward side rail members 76, 78
and are secured within the openings by welding. A pair
of longitudinally extending support structures are each
connected between the intermediate and rearward con-
necting structures 102, 104 and are preferably provided
by a pair of tubular hydroformed support members 105,
107. A notch 109 is formed in each end of each support
member 105, 107 and the support members 105, 107
are affixed to the space frame 10 by positioning each of
the intermediate and rearward connecting structures
102, 104 within a notch 109 and welding the support
members 105, 107 to the connecting structures 102, 104.
�[0025] A central cross structure, preferably provided

by a tubular hydroformed central member 111, is con-
nected between the forward side rail members 72, 74.
Preferably the central member 111 is connected between
the side rail members 72, 74 in a manner similar to the
way in which members 102, 104 are connected between
the rearward side rail members 76, 78. A central portion
of the central member 111 is upwardly arched to accom-
modate a portion of the drive train (not shown) of the
assembled vehicle.
�[0026] The space frame 10 includes a front structural
assembly generally designated 106. The front structural
assembly 106 includes a pair of front upper side rail struc-
tures 108, a front cross structural assembly 110 and a
pair of side support structures 112. The front cross struc-
tural assembly 110 is connected laterally between for-
ward end portions of the side rail structures 12. Each
front upper side rail structure 108 is connected between
the front cross structural assembly 110 and an interme-
diate portion of a respective A pillar 16 so that the front
upper side rail structures 108 are laterally space from
one another and are generally vertically spaced above
forward portions of the side rail structures 12. Each side
support structure 112 is connected at one end to an in-
termediate portion of a respective A pillar 16 and extends
forwardly and downwardly therefrom and is connected
at another end opposite the one end to an associated
side rail structure 12.
�[0027] The front cross structural assembly 106 in-
cludes a front U-�shaped structure that is preferably pro-
vided by an integral tubular hydroformed front U-�shaped
member 114. The U-�shaped member 114 has a cross
portion 116 and a pair of leg portions 118 that extend
upwardly from junctures 120 at each end of the cross
portion 116. Preferably each juncture 120 is welded to
an associated side rail structure 12. Preferably a bracket
structure 122 is mounted in reinforcing relation between
each side rail structure 12 and an intermediate portion
of an associated leg portion 118 of the U-�shaped member
114. Preferably each bracket structure 122 is a metallic
structure that has been shaped by stamping or other suit-
able method and is secured to the space frame 10 by
welding.
�[0028] The front cross structure assembly 110 further
includes an elongated essentially straight front upper
cross structure that is preferably provided by a tubular
hydroformed front upper cross member 124. Opposite
end portions of the cross member 124 are flattened and
are connected to end portions of leg portions 118 of the
U-�shaped member 114, preferably by welding.
�[0029] Preferably the front upper side rail structures
108 are provided by a pair of tubular hydroformed front
upper side rail members 126, 128. Each upper side rail
member 126, 128 can be secured between the pillar form-
ing portion 46 of a respective upper longitudinal member
42, 44 and the associated leg portion 118 of the U-�shaped
member 114 by any appropriate means. Preferably a
notch 130, 132 is formed in each end of each upper side
rail member 126, 128 and each member 126, 128 is se-
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cured to space frame 10 by welding.
�[0030] Preferably each side support structure 112 is
provided by a tubular hydroformed side support member
134, 136. The side support members 134, 136 are of
mirror image construction so only member 134 will be
discussed in detail. The side support member 134 can
be secured to space frame 10 by any appropriate means.
For example, preferably a notch 138, 140 is cut into each
end of the side support member 134 and the member
134 is secured to the space frame 10 by positioning the
forward side rail member 72 in notch 138 and the pillar
forming portion 46 of the upper longitudinal member 42
in the notch 140 and welding. The side support members
134, 136 reinforce the frame 12. Specifically the mem-
bers 134, 136 strengthen the front structural assembly
106 and resist deformation of the front end of the vehicle
in the event of a head on collusion.
�[0031] An elongated forward cross structure that is
preferably provided by a tubular hydroformed forward
cross member 144 extends laterally between and is se-
cured between the forward side rail members 72, 74.
Preferably, the forward cross member 144 is secured
between the side rail members 72, 74 in manner similar
to the way in which hydroformed connecting members
102, 104 are secured between side rail members 76, 78,
although any suitable means can be used.
�[0032] A pair of forward upper cross structures are se-
cured between the pillar forming portions 46 of the upper
longitudinal members 42, 44 and are preferably provided
by a pair of tubular hydroformed forward upper cross
members 146, 148. Preferably a notch 150, 151 is cut in
each end of each forward upper cross member 146, 148,
respectively, so that a single wall portion extends out-
wardly in cantilevered fashion from each end of each
cross member 146, 148 and the cross members 146, 148
are secured between the upper longitudinal members
42, 44 by placing the upper longitudinal members within
respective notches so that the cantilevered wall portions
are in adjacent and overlying relation therewith and then
welding.
�[0033] FIG. 2 shows a second embodiment of a space
frame, generally designated 150. The space frame 150
is identical to the space frame 10 except that the space
frame 150 includes a cradle assembly 152. The portions
of the space frame 150 that are identical to portions of
the space frame 10 are designated by identical reference
numbers and are not commented upon the further in the
description of the space frame 150.
�[0034] The cradle assembly 152 is shown in FIG. 2
mounted to the space frame 1 SO and is shown in FIG.
3 in isolation. As best appreciated from FIG. 3, the cradle
assembly 152 includes a pair of elongated cradle support
structures that are preferably provided by a pair of elon-
gated tubular hydroformed cradle support members 154,
156 (of mirror image construction). The cradle assembly
152 further includes a pair of U- �shaped cradle structures
which are preferably provided by a pair of tubular hydro-
formed U- �shaped cradle members 158, 160. Each U-

shaped cradle member 158, 160 has a pair of leg portions
162, 164, respectively, extending from an integral cross
portion 166, 168, respectively. Preferably notches 170,
172 are formed in each leg portion 162, 164, respectively,
of the U-�shaped cradle members 158, 160. The cradle
support members 154, 156 are secured to the U-�shaped
cradle members 158, 160 by .positioning the cradle sup-
port members 154, 156 within the notches 170, 172 and
then welding. The cradle assembly 152 is used to mount
a rear wheel assembly (which is not shown and which
includes a rear wheel suspension system) to the space
frame 10 when the vehicle is assembled. A plurality of
brackets 174, 176 are secured to the U-�shaped cradle
members 158, 160 to facilitate attachment of the rear
wheel assembly to the vehicle.
�[0035] The manner in which the cradle assembly 152
is secured to the space frame 150 can be appreciated
from FIGS. 2 and 4. The cradle support structures (pro-
vided by the cradle support members 154, 156 in the
exemplary embodiment of the space frame 150) are lat-
erally spaced and each is connected between the inter-
mediate and rearward connecting structures 102, 104.
More particularly, as best seen in FIG. 4, each end portion
of each cradle support member 154, 156 is secured to a
bottom surface portion of a respective connecting mem-
ber 102, 104. The cradle support members 154, 156 can
be secured to the connecting members 102, 104 by weld-
ing, by bolts, or by any other suitable means. The U-
shaped cradle structures (provided by the cradle mem-
bers 158, 160) are longitudinally spaced and, as men-
tioned, each leg portion 162, 164 of the pair of leg portions
of each U-�shaped cradle structure 158, 160, respectively,
is connected to a respective one of the pair of cradle
support structures 154, 156.
�[0036] It can be understood from FIG. 4 that when a
rear wheel assembly is secured to the cradle assembly
152, each rear wheel (not shown) of the assembled ve-
hicle is disposed generally below a respective wheel well
66. Preferably the cradle assembly 152 is provided to
facilitate mounting of a rear wheel assembly to the space
frame. It is within the scope of the invention to provide
an appropriately constructed cradle assembly to facilitate
mounting of a front wheel assembly.
�[0037] The rearward ring assembly 20 is shown in iso-
lation in FIGS. 6 and 8 and is shown in isolation mounted
with respect to the rearward connecting structure 14 in
FIG. 5. The construction of the reward ring assembly 20
can be best understood from the exploded view of FIG.
9. As mentioned above, because the tubular hydrofor-
med side members 24, 26 are of mirror image construc-
tion, only the member 24 will be discussed in detail. Pref-
erably, an upper terminal end 180 of the side member
24 is of reduced diameter so that the side member 24
can be telescopically received within an end portion of
the associated tubular leg portion 30 of the hydroformed
upper member 22. Preferably the telescopically interen-
gaged hydroformed members 22, 24 are secured togeth-
er by welding. It can be appreciated, however, that the
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hydroformed members 22, 24 can be rigidly affixed to-
gether by any suitable means.
�[0038] The cross structure 38 is preferably comprised
of an assembly of metallic structures that have been
shaped by stamping, although any suitable metal shap-
ing or metal forming means can be used to construct the
metallic structures of the cross structure 38. The cross
structure 38 comprises an assembly of stamped mem-
bers assembled into a tubular configuration. The con-
struction of the cross structure assembly 38 can be best
understood from the exploded view of FIG. 9 and the
cross sectional view of FIG. 10.
�[0039] More particularly, the cross structure assembly
38 includes a pair of upper cross elements 182, 184, an
intermediate cross element 186 and a lower cross ele-
ment 188. Preferably each cross element 182, 184, 186,
188 is of one-�piece stamped sheet metal construction,
although any suitable metal shaping or metal forming
method can be used to construct each element. As best
seen in FIG. 9, preferably the upper cross elements 182,
184 are of mirror image construction (so only element
182 will be discussed in detail).
�[0040] The cross element 182 is shaped to define in-
tegrally an upwardly facing surface 190 (defined by a
central wall portion 191), an essentially vertically extend-
ing rearward wall portion 192 and a forwardly extending
flange portion 194 that extends perpendicularly forwardly
from an essentially vertically extending forward wall por-
tion 196. A recessed area 198 that is constructed and
arranged to receive a lower terminal end 200 of the side
member 24 is generally defined by the forward, central
and rearward wall portions 196, 191 and 192 of the cross
element 182. The lower end portion 200 of the side mem-
ber 24 is of reduced diameter so that when the lower
portion 200 of the side member 24 is disposed within the
recessed area 198 of the cross element 182, the out-
wardly facing surfaces defined by the wall portions 196,
191, 192 of the cross element 182 are essentially flush
with respective adjacent wall surfaces defined by a lower
intermediate portion 202 of the side member 24. Prefer-
ably, therefore, the wall thickness of the sheet metal used
to form the cross element 182 is approximately equal to
the depth of the recessed end portion 200 of the side
member 24 relative to the lower intermediate portion 202
thereof.
�[0041] The intermediate cross element 186 is prefer-
ably an essentially L-�shaped structure (in cross section
as best seen in FIG. 10) of stamped sheet metal con-
struction that includes an essentially vertically extending
rearward wall portion 206 and a forwardly and essentially
horizontally extending wall portion 208. The lower cross
element 188 is preferably of stamped sheet metal con-
struction and includes essentially vertically extending for-
ward and rearward wall portions 210, 212, respectively,
and a central wall portion 214 extending integrally ther-
ebetween. The details of the construction of the interme-
diate and lower cross elements 186, 188 can best be
understood after examining the construction of the pre-

ferred embodiment of the rearward connecting or cross
structure 14, which preferred embodiment is provided by
the tubular hydroformed connecting member 104.
�[0042] The assembled rearward ring assembly 20 is
shown mounted to the hydroformed connecting member
104 in isolation in FIG. 5 to illustrate the manner in which
the cross structure assembly 38 of the rearward ring as-
sembly 20 is connected to the tubular hydroformed con-
necting member 104. The rearward ring assembly 20 de-
fines an opening 220 into the interior region 40 of the
space frame 10, 250. As best seen in FIG. 5, the tubular
connecting member 104 is mounted to the rearward ring
assembly 20 at a position generally below the opening
220. The tubular connecting member 104 has straight,
horizontally extending terminal end portions 222, a
straight, horizontally extending central portion 224, and
angled transition portions 223 each extending tubularly
integrally between each terminal end portion 222 and an
adjacent end of the central portion 224. The central por-
tion 224 has a length approximately equal to the width
of the lowermost portion of the rearward opening 220 and
the cross structure assembly 38 is connected to the tu-
bular connecting member 104 such that the central por-
tion 224 thereof is spaced vertically downwardly from the
rearward opening 220.
�[0043] Returning again to a consideration of the struc-
ture of the intermediate and lower cross elements 186,
188 as best shown in FIG. 9, it can be appreciated that
end portions of the wall portion 206 of the intermediate
cross element 186 are tapered at 228 and opposite end
portions of the central wall portion 214 of the lower cross
element 188 are angled upwardly at 230 so that the cross
structure assembly 38 of the assembled rearward ring
assembly 20 is shaped to receive the hydroformed tubu-
lar connecting member 104 and thereby facilitate welded
engagement between the connecting structure assembly
38 and the hydroformed member 104.
�[0044] The manner in which the cross elements 182,
184, 186, 188 are assembled to form the cross structure
assembly 38 can best be appreciated from the cross sec-
tional view of FIG. 10. The rearward wall portion 212 of
the lower cross element 188 is secured to the rearward
wall portion 192 of the upper cross element 182 and the
forward wall portion 210 of the lower cross element 188
is secured to the wall portion 206 of the intermediate
cross element 186. The forwardly projecting wall portion
208 of the intermediate cross element 186 is secured to
the forwardly projecting wall portion 194 of the upper
cross element 182. Preferably, the cross elements 182,
184, 186 and 188 are secured together by welding, al-
though any suitable means of securing metallic members
together can be used in the construction, including the
use of any adhesive material. It can be understood from
Fig. 10 that the cross elements 182, 184, 186, 188 are
constructed and arranged to provide the cross structure
assembly 38 with a tubular structure. Because this tubu-
lar structure has a closed cross section (i.e., a closed
transfers cross section as shown in Fig. 10), the cross
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structure assembly 38 better resists deformation upon
impact during a collision.
�[0045] It can be appreciated from FIG. 5 that the ter-
minal end portions 222 of the hydroformed connecting
member 104 project outwardly from respective opposite
sides of the rearward ring assembly 20 when the ring
assembly 20 is connected to the connecting member
104. The terminal end portions 222 of the hydroformed
member 104 are preferably of reduced diameter (see
FIG. 5) to facilitate formation of joints between the rear-
ward side rail members 76, 78 and respective terminal
end portions 222 of the connecting member 104. It can
be understood from FIGS. 1 and 5, for example, that pref-
erably the length of each terminal end portion 222 is ap-
proximately equal to the width of the associated rearward
side rail member 76, 78 and that the exterior surface of
the terminal end portions 222 defines a shape that is
complementary to the shape of the openings 103 formed
within the side rail members 76, 78. The terminal end
portions 222 are welded in the pair of openings 103.
�[0046] As will become clear (and as can be appreciat-
ed from FIGS. 4 and 8, for example), the rearward ring
assembly 20 is constructed and arranged such that the
rearward-�most pillars are curved forwardly along an in-
termediate portion thereof as viewed in side elevation.
More particularly, the side members 24, 26 have lower
portions 202 thereof disposed closer to one another than
upper portions 225 thereof (as viewed in rear elevation
as in FIG. 7) and the side members have lower portions
202 thereof disposed more rearwardly in a longitudinal
frame direction in relation to upper portions 225 thereof
(as seen from the point of view of the side elevational
view of FIG. 4, for example). Preferably each side mem-
ber 24, 26 is secured to a respective side rail structure
and to a respective end of the connecting member 104
by welding or other suitable method of suitable strength.
�[0047] The shape of the assembled rearward ring as-
sembly 20 can be best appreciated from FIGS. 4-8. FIGS.
4 and 8 show side elevational views of the rearward ring
assembly 20 and FIG. 7 shows a rear elevational view
of the ring assembly 20. As best seen in the rear eleva-
tional view of FIG. 7, each of the leg portions 34, 36 of
the hydroformed U-�shaped assembly 32 is preferably of
mirror image construction (so the discussion will focus
on leg portion 34, but applies equally to leg portion 36)
and each defines a rearward- �most pillar 34, 36 of the
frame 12. Each rearward-�most pillar 34 has an essentially
straight upper end portion 234 extending downwardly
from an associated juncture 31, an essentially straight
lower end portion 236 and an inwardly angled central
portion 238 so that the straight upper end portions 234
of the leg portions 34, 36 cooperate to define a relatively
wide upper portion of the rearward opening 220 and the
straight lower end portions 236 define a relatively narrow
lower portion of the rearward opening 220 as viewed in
rear elevation (i.e., the view of FIG. 7). It can be under-
stood that a rear door (not shown) that is constructed and
arranged for door opening and closing movement with

respect to the rear opening 220 would have a correspond-
ing relatively wide upper portion and a relatively narrow
lower portion so that the shape of the door matches the
shape of the opening 220. It can be appreciated that it is
contemplated to mount a glass panel the upper, relatively
wide upper portion of the rear door to provide a rear wind-
shield for a vehicle assembled using the space frame 10,
250. The relatively wide upper portion of the ring assem-
bly 20 is constructed to allow the rear windshield of the
vehicle to be relatively wide, thereby improving driver vis-
ibility, particularly when the driver looks out his or her
central rear view mirror and outwardly generally through
the opening 220.
�[0048] Preferably each essentially straight upper end
portion 234 of the U- �shaped assembly tapers outwardly
from top to bottom and each essentially straight lower
end portion 236 of the U-�shaped assembly 32 tapers out-
wardly from top to bottom as viewed in rear elevation.
Preferably, each rearward-�most pillar 34, 36 has an es-
sentially straight upper end portion 240 and an essentially
straight lower end portion 242 as viewed in side elevation
(see, for example, FIG. 8).
�[0049] As mentioned (and as can be appreciated from
FIGS. 4 and 8), the rearward ring assembly 20 is con-
structed and arranged such that the rearward-�most pillars
34, 36 are curved forwardly along an intermediate portion
243 thereof as viewed in side elevation. It can be appre-
ciated that this curvature of the rearward- �most pillars 34,
36 improves the aerodynamics of the vehicle and also
accommodates a glass rear windshield panel mounted
in an upper portion of the rear door to have a similar
curvature. This curvature of a rear windshield panel offers
improved dispersion of reflected bright sunlight, thereby
improving the visibility for the driver of the vehicle and
for drivers of vehicles behind the vehicle constructed us-
ing the space frame 10, 250. As best appreciated from
the side elevational view of the space frame 250 of FIG.
4, preferably the essentially straight lower end portion
242 of each rearward-�most pillar 34, 36 is vertical (when
the side rail structures 12 are resting on a horizontal sur-
face) and the essentially straight upper end portion 240
forms an angle of approximately 10 (ten) degrees with
respect to the essentially straight lower end portion 240
as viewed in side elevation. It is contemplated to provide
embodiments of the rearward ring assembly in which the
angle between the end portions 240, 242 of the rearward-
most pillars 34, 36 are within a range from approximately
5 (five) to approximately 15 (fifteen) degrees.
�[0050] It can be appreciated from FIG. 7 that each of
the legs 30 of the hydroformed upper member 22 is es-
sentially straight and that each of the side members 24,
26 has an essentially straight upper portion 225, an es-
sentially straight lower end portion 202 and an inwardly
angled central portion 238 as viewed in rear elevation.
Thus, it can be understood that the straight portions 30
and 225 of the upper member 22 and side member 24,
respectively, cooperate to provide the straight upper por-
tion 234 of the associated rearward- �most pillar 34 of the
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U-�shaped assembly 32 and that the lower portion 202 of
the side member 24 comprises the lower portion 236 of
the associated pillar 34 of the U-�shaped assembly 32.
Similarly the inwardly angled intermediate portion 238 of
the side member 24 is identical to (and therefore com-
prises) the inwardly angled intermediate portion of the
pillar 34 of the U-�shaped assembly 32.
�[0051] Typically, a rear hatchback-�type door (not
shown) is mounted on the space frame 10, 250 for door
opening and closing movement with respect to the open-
ing 220 defined by the rearward ring assembly 20. For
example, a rear door may be pivotally mounted to the
cross portion 28 of the U-�shaped assembly 32 by a pair
of hinges (not shown). Often a continuous door seal is
mounted around a peripheral portion of the rear door. It
can be understood that it is important that the doorway
defined by the rearward opening 220 have a smooth,
continuous door seal engaging surface around its periph-
ery that is constructed and arranged to abuttingly and
sealingly engage the door seal of the closed rear door
and to facilitate movement of the door seal inwardly and
outwardly of the opening 220 when the door is opened
and closed.
�[0052] As best seen in FIGS. 5, 6 and 7, the upwardly
facing surfaces 190 of the upper cross elements 182,
184 each curve arcuately upwardly at the outermost ends
thereof. The upwardly facing surfaces 190 of elements
182, 184 are flush with one another at the juncture 239
therebetween. The innermost ends of the upper cross
elements 182, 184 are preferably secured together by
welding to form the juncture 239. The inwardly facing
side surfaces 249 of the side members 24, 26 of the tu-
bular hydroformed inverted generally U-�shaped assem-
bly 32 and the upwardly facing surfaces 190 of the cross
elements 182, 184 cooperate to form a continuous,
smooth door sealed engaging surface around the lower
portion of the opening 220. It can also be appreciated
from FIG. 7 that the side members 24, 26 and the upper
member 22 provided a smooth, continuous door sealed
engaging surface around the upper portion of the opening
220. Thus, the door opening has a continuous, smooth
door seal engaging surface 260 around its entire periph-
ery.
�[0053] It can also be appreciated from FIG. 7 that the
uppermost downwardly facing portion of the door sealed
engaging surface 260 that is defined by the hydroformed
upper member 22 is angled slightly rearwardly and out-
wardly of the opening 220 to accommodate the arcuate
movement of a pivotally mounted rear vehicle door
mounted to the rearward ring assembly 20 by a pair of
laterally spaced hinges secured to the cross portion 28
of the upper member 22.

Hydroforming Method

�[0054] The preferred hydroforming process for forming
each hydroformed member of the exemplary space
frame 10 can be understood from FIG. 11. Each hydro-

formed member is formed from a tubular blank 262 con-
structed of a first metallic material. The blank 262 has a
closed transverse cross section, open tubular ends and
a predetermined length
�[0055] If the geometry of the part is complex or if there
are to be any sharp bends (a bend of greater than 30
degrees) in the finished member, the blank 262 may op-
tionally be bent prior to hydroforming. Preferably the
blank is bent according the teachings of Serial No.
09/299,595, filed October 7, 1997, entitled METHOD
AND APPARATUS FOR WRINKLE-�FREE HYDRO-
FORMING OF ANGLED TUBULAR PARTS, hereby in-
corporated by reference in its entirety.
�[0056] It should be understood that the methodology
of Serial No. 60/061,238 would preferably not be used
for parts that are bent at an angle of less than 30 degrees.
Preferably, straight parts are hydroformed in accordance
with the teachings of Serial No. 08/915,910, filed August
21, 1997, entitled Hydroforming Die Assembly For Pinch-
Free Tube Forming, hereby incorporated by reference in
its entirety. A blank may also be bent in a CNC bending
machine prior to being placed in the die assembly. A suit-
able lubricant may be applied to the exterior of the blank
prior to placing it in the die assembly.
�[0057] The blank 262 is then placed between the die
halves 264, 266 of a die assembly 268 and the assembly
is closed. The die assembly 268 can be a single cavity
or multicavity tool, depending on the configuration of the
hydroformed member to be produced. The blank 262 is
filled with hydroforming fluid and a hydroforming ram as-
sembly 270, 272 engages each end of the blank 262.
Typically, the hydroforming process uses an internal high
pressure flow of water to form the tubular blank. A ram
member 274, 276 of each assembly 270, 272 seals a
respective end of the blank 262. The ram members 274,
276 include hydraulic intensifiers which can intensify the
hydroforming fluid, thereby increasing the fluid pressure
within the blank 262 to outwardly deformed tubular me-
tallic wall, generally designated 278, of the tubular blank
262 into conformity with the die surfaces 280 of the die
cavity (as disclosed in Serial No. 60/061,238) to thereby
form a hydroformed member having an exterior surface
that is fixed into a predetermined configuration. This pre-
determined exterior surface configuration is regular (i.e.,
uniform) or irregular (i.e., nonuniform) depending on the
shape of the die cavity.
�[0058] The fluid pressure and the axial pressure are
independently controllable. The ram members 274, 276
push axially inwardly on opposite ends of the blank 262
to create metal flow within the blank during outward ex-
pansion. Preferably, the ends of the tubular blank 262
are pushed axially inwardly during the hydroforming op-
eration to maintain the wall thickness of the fully formed
hydroformed member within a predetermined range of
the wall thickness of the initial tubular blank 262. This
process is discussed in detail in the aforesaid Application
Serial No. 60/061,238. Preferably the ram members 274,
276 cooperate to replenish or maintain the wall thickness
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of the outwardly expanding wall portions of the blank 262
so that the wall thickness of the resulting hydroformed
member is within about +/-�10% of the original wall thick-
ness of the blank 262 (i.e., to compensate for wall thinning
during diametric outward expansion of the tube).
�[0059] It can be appreciated that this metal flow re-
quires portions of the outer surface of the tubular blank
262 to slide in an axial direction with respect to the die
cavity surface. The longer the length of the tubular blank
and the more complex the geometry of the hydroformed
member (generally defined by the surfaces of the die
cavity), the more difficult it becomes to achieve optimal
metal flow during formation of the hydroformed member.
It can be understood therefore that because of the length
and the complex geometry of the inverted U-�shaped hy-
droformed assembly 32 (described above and illustrated
in several of the figures, particularly FIGS. 4 through 9),
it is preferred to form the U-�shaped member 32 by con-
necting a tubular hydroformed upper member 22 and a
pair of tubular hydroformed side members 24, 26 in the
manner described above and illustrated in the figures.
�[0060] The tubular blank 262 expands into conformity
with the surfaces 280 defining the hydroforming die cavity
so as to outwardly expand the metallic wall 278 of the
blank 262 (irregularly or regularly) into conformity with
the surfaces 262 of the die assembly 268 to provide the
metallic wall 278 with a shape corresponding to the de-
sired shape for the member. The shape of each die cavity
used to form each hydroformed member of the space
frame 10, 250 in accordance with the present invention
is particularly adapted to the shape of the new and ad-
vantageous hydroformed tubular members contemplat-
ed herein.
�[0061] It can be appreciated that the transverse cross
section of many of the hydroformed members of the
space frame 10, 250 varies along the length of a particular
hydroformed member. It can be understood that altering
the cross-�sectional configuration of any of the tubular hy-
droformed members shown and/or described herein can
be accomplished without departing from the principles of
the present invention. The cross sections of the members
can be regular (i.e., uniform) or irregular (i.e., nonuni-
form).
�[0062] The description and the illustrations of the
space frames 10, 250, the rearward ring assembly 20
and the cradle assembly 152 are intended to teach and
illustrate the principles of the invention and are not in-
tended to limit the scope of the invention to the embod-
iments shown. Thus, while the invention has been dis-
closed and described with reference to a limited number
of embodiments, it will be apparent that variations and
modifications may be made thereto without departing
from the scope of the invention such as defined in the
appended claims.

Claims

1. A space frame (10) for a motor vehicle, said space
frame comprising:�

a pair of laterally spaced, longitudinally extend-
ing side rail structures (12), said side rail struc-
tures (12) each having an upwardly arched por-
tion defining a pair of wheel wells;
a pair of forward-�most upright structures (16)
each being connected to a respective side rail
structure (12), thereby forming a pair of A pillars;
a pair of roof rail structures (18), a forward end
of each roof rail structure being connected to an
upper end of an associated A pillar ; and
a rearward ring assembly (20) connected at up-
per portions thereof with said roof rail structures
(18) and at bottom portions thereof with said side
rail structures (12), said rearward ring assembly
(20) comprising (a) a tubular hydroformed in-
verted U-�shaped upper member (22), said upper
member having a cross portion (28) and a pair
of leg portions (30) extending downwardly from
opposite ends of said cross portion (28), (b) a
pair of tubular hydroformed side members (24,
26), said side members each having first and
second ends, each said side member being con-
nected at said first end thereof with a free end
of a respective leg portion (30) of said upper
member (22), and (c) a cross structure (38) rig-
idly connected in ring-�forming relation between
said second ends of the side members (24, 26)
rearwardly of said wheel wells,
said side rail structures (12), said A pillars (16),
said roof rail structures (18) and said rearward
ring assembly (20) generally defining a space
frame interior region (40), said rearward ring as-
sembly (20) providing a rearward opening into
said interior region (40),

characterized in that
said side members (24, 26) having lower portions
thereof disposed closer to one another than upper
portions thereof, said side members having lower
portions thereof disposed more rearwardly in a lon-
gitudinal frame direction in relation to upper portions
thereof.

2. A space frame as defined in claim 1, wherein said
inverted hydroformed U-�shaped upper member (22)
and said hydroformed side members (24, 26) togeth-
er form an inverted U- �shaped assembly, said invert-
ed U-�shaped assembly (32) defining a pair of rear-
ward-�most pillars (34, 36), each said rearward- �most
pillar (34, 36) having an essentially straight upper
end portion extending downwardly from an associ-
ated juncture with said cross portion (28), an essen-
tially straight lower end portion, and an inwardly an-
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gled central portion so that said straight upper end
portions define a relatively wide upper portion of said
rearward opening and said straight lower end por-
tions define a relatively narrow lower portion of said
rearward opening.

3. A space frame as defined in claim 2, further including
a laterally extending rearward connecting structure
connected between rearward portions of said side
rail structures (12) and wherein said cross structure
of said rearward ring assembly (20) is connected to
said rearward connecting structure such that said
cross structure extends laterally between said side
rail structures (12), said lower end portion of each
said rearward-�most pillar (34, 36) being connected
to said rearward first connecting structure and ex-
tending generally upwardly with respect thereto.

4. A space frame as defined in claim 3, wherein said
essentially straight upper end portions of said rear-
ward-�most pillars (34, 36) taper rearwardly and said
essentially straight lower end portions of said rear-
ward-�most pillars (34, 36) taper rearwardly from top
to bottom.

5. A space frame as defined in claim 4, wherein the
essentially straight lower end portion of each said
rearward-�most pillar (34, 36) is vertical and the es-
sentially straight upper end portion forms an angle
of approximately 10 degrees therewith as viewed in
side elevation.

6. A space frame according to claim 1, wherein said
cross structure comprises an assembly of stamped
members assembled into a tubular configuration.

7. A space frame as defined in claim 1, further including
a front structural assembly (106), said front structural
assembly (106) comprising a pair of front upper side
rail structures (108), a front cross structural assem-
bly (110) and a pair of side support structures (112),
said front cross structural assembly (110) being con-
nected laterally between forward end portions of said
side rail structures (12), each said front upper side
rail structure (108) being connected between said
front cross structural assembly (110) and an inter-
mediate portion of a respective A pillar (16) so that
said front upper side rail structures (108) are laterally
space from one another and generally vertically
spaced above forward portions of said side rail struc-
tures (12), each side support structure (112) being
connected at one end to an intermediate portion of
a respective A pillar (16) and extending forwardly
and downwardly therefrom and being connected at
another end opposite said one end to an associated
side rail structure (12).

8. A space frame as defined in claim 7, wherein said

pair of front upper side rail structures (108) are pro-
vided by a pair of tubular hydroformed front upper
side rail members (126, 128) and wherein said pair
of side support structures (112) are provided by a
pair of tubular hydroformed front upper side rail
members (134, 136).

9. A space frame as defined in claim 8, wherein said
roof rail structures are tubular hydroformed mem-
bers.

10. A space frame as defined in one of claims 1 to 9,
said space frame further comprising:�

first and second connecting structures (102,
104) connected laterally between said side rail
structures rearwardly and forwardly, respective-
ly, of said wheel wells (66); and
a cradle assembly (152) comprising a pair of
elongated cradle support structures (154, 156)
and a pair of U- �shaped cradle structures (158,
160), each U- �shaped cradle structure (158, 160)
having a pair of leg portions (162, 164) extending
from a cross portion (166, 168), said cradle sup-
port structures (154, 156) being laterally spaced
and each being connected between said first
and second connecting structures (102, 104),
said U- �shaped cradle structures (158, 160) be-
ing longitudinally spaced and each leg portion
(162, 164) of said pair of leg portions (162, 164)
of each said U-�shaped cradle structure (158,
160) being connected to a respective one of said
pair of cradle support structures (154, 156).

11. A space frame as defined in claim 10, wherein each
said cradle support structure (154, 156) is provided
by a tubular hydroformed cradle support member
(154, 156), each said cradle support member (154,
156) being defined by an outwardly deformed me-
tallic wall fixed into a predetermined surface config-
uration, and wherein each said U-�shaped cradle
structure (158, 160) is provided by a tubular hydro-
formed U-�shaped cradle member (158, 160), each
said U-�shaped cradle member (158, 160) being de-
fined by an outwardly deformed metallic wall fixed
into a predetermined surface configuration.

12. A space frame as defined in claim 10 or 11, wherein
said pair of corresponding wheel wells define a pair
of rear wheel wells (66).

13. A method for forming a rearward ring frame assem-
bly for a motor vehicle, comprising: �

bending a tubular blank into a generally U-
shaped configuration ;
hydroforming said U-�shaped blank to form a hy-
droformed inverted U-�shaped frame member by
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applying pressurized fluid internally to said U-
shaped blank so as to expand said U- �shaped
blank into conformity with die surfaces of a hy-
droforming die;
providing a pair of side member blanks;
hydroforming each of said side members blanks
to form a pair of frame side members by applying
pressurized fluid internally thereto so as to ex-
pand said side member blanks into conformity
with die surfaces of a hydroforming die;
connecting a first end of each said hydroformed
frame side members to associated leg portions
of said hydroformed inverted U-�shaped frame
member;
providing a cross structure; and
connecting said cross structure between second
ends of said hydroformed frame side members,
wherein said hydroformed frame side members
have lower portions disposed closer to one an-
other than upper portions,�
wherein said hydroformed frame side members
have lower portions disposed more rearwardly
in a longitudinal frame direction in relation to up-
per portions thereof, and
connecting said cross structure between a pair
of laterally spaced, longitudinally extending side
rail structures, said side rail structures each hav-
ing an upwardly arched portion defining a pair
of wheel wells and said cross structure being
connected to said pair of side rail members rear-
ward of said pair of wheel wells.

14. A method for forming a space frame for a motor ve-
hicle, comprising the steps for forming a rearward
ring frame assembly according to claim 13, further
comprising: �

providing components for a space frame includ-
ing a pair of side rail structures, each side rail
structure including a wheel well-�forming portion,
a pair of connecting structures, and a cradle as-
sembly, said cradle assembly including a pair of
elongated cradle support members and a pair
of U-�shaped cradle members, each U-�shaped
cradle member having a pair of leg portions ex-
tending from a cross portion, the cradle support
members and the U- �shaped cradle members
each being formed in a hydroforming procedure
that includes providing a tubular blank having a
metallic wall, placing the blank in a die assembly
having die surfaces defining a die cavity and pro-
viding pressurized fluid in an interior of the blank
to expand said wall into conformity with said die
surfaces, and
assembling said components such that the first
and second connecting structures are connect-
ed laterally between said side rail structures
rearwardly and forwardly, respectively, of said

wheel well-�forming portions, said cradle support
members are laterally spaced and are each con-
nected between the first and second connecting
structures, and said U-�shaped cradle structures
are longitudinally spaced and each leg portion
of said pair of leg portions of each U- �shaped
cradle member is connected to a respective one
of said pair of cradle support members.

15. A method for forming a space frame for a motor ve-
hicle, comprising the steps for forming a rearward
ring frame assembly according to claim 13, further
comprising: �

providing further components for a space frame
including a pair of roof rail structures, pairs of
forward-�most and rearward- �most upright struc-
ture, and a front structural assembly, said front
structural assembly including a pair of forward
upper side rail members, a front cross structural
assembly and a pair of side support members,
each said member being formed in a hydrofor-
ming procedure, each procedure including pro-
viding a tubular blank having a metallic wall,
placing the blank into a die assembly having die
surfaces defining a die cavity, and providing
pressurized fluid into an interior of the blank to
expand the wall into conformity with the die sur-
faces; and
assembling said components so that each for-
ward- �most upright structure is connected to a
respective side rail structure so as to define an
A pillar thereon, each rearward-�most upright
structure is connected to a respective side rail
structure so as to define a D pillar thereon, each
roof rail structure is connected between an up-
per end of a respective A pillar and an upper end
of an associated D pillar, said front cross struc-
tural assembly is connected laterally between
forward end portions of said side rail structures,
each front upper side rail member is connected
between said front cross structural assembly
and an intermediate portion of a respective A
pillar so that said front upper side rail members
are laterally spaced from one another and are
each generally vertically spaced above the for-
ward portion of an associated side rail structure,
and each side support member is connected at
one end to an intermediate portion of a respec-
tive A pillar and extends forwardly and down-
wardly therefrom and is connected at another
end opposite said one end to an associated side
rail structure.

Patentansprüche

1. Rahmentragwerk bzw. Gitterrahmen (10) für ein
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Kraftfahrzeug, besagtes Rahmentragwerk bzw. Git-
terrahmen umfassend:�

ein Paar von lateral beabstandeten, sich longi-
tudinal erstreckenden Seitenlängsträgerstruk-
turen (12), wobei die Seitenlängsträgerstruktu-
ren (12) jeweils einen nach oben gewölbten Ab-
schnitt aufweisen, der ein Paar von Radschäch-
ten definiert;
ein Paar von vordersten vertikalen Strukturen
(16), die jeweils mit einer entsprechenden Sei-
tenlängsträgerstruktur (12) verbunden sind und
dadurch ein Paar von A-�Säulen bilden;
ein Paar von Dachlängsträgerstrukturen (18),
wobei ein vorderes Ende jeder Dachlängsträ-
gerstruktur mit einem oberen Ende einer zuge-
hörigen A-�Säule verbunden ist; und
eine hintere ringförmige Anordnung (20), die an
oberen Abschnitten davon mit den Dachlängs-
trägerstrukturen (18) und an unteren Abschnit-
ten davon mit den Seitenlängsträgerstrukturen
(12) verbunden ist, wobei die hintere ringförmige
Anordnung (20) (a) ein rohrförmiges hydroge-
formtes oberes Element (22), das die Form ei-
nes umgekehrten U’s hat, wobei das obere Ele-
ment einen Querabschnitt (28) und ein Paar
Schenkelabschnitte (30) aufweist, die sich von
gegenüberliegenden Enden des Querab-
schnitts (28) abwärts erstrecken,� (b) ein Paar
rohrförmige hydrogeformte seitliche Elemente
(24, 26), wobei die seitlichen Elemente jeweils
erste und zweite Enden aufweisen und jedes
seitliche Element an seinem erstem Ende mit
einem freien Ende eines entsprechenden
Schenkelabschnitts (30) des oberen Elements
(22) verbunden ist, und (c) eine Querstruktur
(38), die hinter den Radschächten mit den zwei-
ten Enden der seitlichen Elemente (24, 26) starr
verbunden ist, so dass ein Ring gebildet wird,
umfasst, �
wobei die Seitenlängsträgerstrukturen (12), die
A-�Säulen (16), die Dachlängsträgerstrukturen
(18) und die hintere ringförmige Anordnung (20)
im Wesentlichen einen Innenraum (40) des
Rahmentragwerks bzw. Gitterrahmens begren-
zen, wobei die hintere ringförmige Anordnung
(20) eine hintere Öffnung zu dem Innenraum
(40) bereitstellt, �
gekennzeichnet dadurch, dass
die seitlichen Elemente (24, 26) untere Ab-
schnitte aufweisen, die näher zueinander ange-
ordnet sind als obere Abschnitte davon und die
seitlichen Elemente untere Abschnitte aufwei-
sen, die in eine Längsrichtung des Rahmens
weiter hinten angeordnet sind als obere Ab-
schnitte davon.

2. Rahmentragwerk bzw. Gitterrahmen gemäß An-

spruch 1, worin das hydrogeformte obere Element
(22), das die Form eines umgekehrten U’s hat, und
die hydrogeformten seitlichen Elemente (24, 26) zu-
sammen eine Anordnung in Form eines umgekehr-
ten U’s bilden, wobei die Anordnung (32) in Form
eines umgekehrten U’s ein Paar von hintersten Säu-
len (34, 36) definiert, wobei jede hinterste Säule (34,
36) einen im Wesentlichen geraden oberen Endab-
schnitt, der sich abwärts von einer zugehörigen Ver-
bindung mit dem Querabschnitt (28) erstreckt, einen
im Wesentlichen geraden unteren Endabschnitt und
einen einwärts gebogenen Mittelabschnitt aufweist,
so dass die geraden oberen Endabschnitte einen
verhältnismäßig breiten oberen Abschnitt der hinte-
ren Öffnung begrenzen und die geraden unteren
Endabschnitte einen verhältnismäßig schmalen un-
teren Abschnitt der hinteren Öffnung begrenzen.

3. Rahmentragwerk bzw. Gitterrahmen gemäß An-
spruch 2, umfassend außerdem eine sich quer er-
streckende hintere Verbindungsstruktur, die zwi-
schen hinteren Abschnitten der Seitenlängsträger-
strukturen (12) verbunden ist und worin der Querab-
schnitt der hinteren ringförmigen Anordnung (20) mit
dem hinteren Verbindungselement so verbunden ist,
dass der Querabschnitt sich lateral zwischen den
Seitenlängsträgerstrukturen (12) erstreckt, wobei
der untere Endabschnitt jeder der hintersten Säulen
(34, 36) mit der hinteren ersten Verbindungsstruktur
verbunden ist und sich im Wesentlichen oberhalb
davon erstreckt.

4. Rahmentragwerk bzw. Gitterrahmen gemäß An-
spruch 3, worin die im Wesentlichen geraden oberen
Endabschnitte der hintersten Säulen (34, 36) sich
nach hinten verjüngen und die im Wesentlichen ge-
raden unteren Endabschnitte der hintersten Säulen
(34, 36) sich von oben bis unten nach hinten verjün-
gen.

5. Rahmentragwerk bzw. Gitterrahmen gemäß An-
spruch 4, worin der im Wesentlichen gerade untere
Endabschnitt jeder der hintersten Säulen (34, 36)
vertikal ist und die im Wesentlichen geraden oberen
Endabschnitte damit einen Winkel von ungefähr 10
Grad bilden, wenn man die Seitenansicht betrachtet.

6. Rahmentragwerk bzw. Gitterrahmen gemäß An-
spruch 1, worin die Querstruktur eine Anordnung aus
gestanzten Elementen umfasst, die zu einer rohrför-
migen Anordnung zusammengebaut sind.

7. Rahmentragwerk bzw. Gitterrahmen gemäß An-
spruch 1, weiterhin umfassend eine vordere struk-
turelle Anordnung (106), wobei die vordere struktu-
relle Anordnung (106) ein Paar von vorderen oberen
Seitenlängsträgerstrukturen (108) umfasst, eine
vordere Querstruktur (110) und ein Paar von seitli-
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chen Stützstrukturen (112), wobei die vordere Quer-
struktur (110) lateral zwischen vorderen Endab-
schnitten der Seitenlängsträgerstrukturen (12) ver-
bunden ist, jede vordere obere Seitenlängsträger-
struktur (108) zwischen der vorderen Querstruktur
(110) und einem mittleren Abschnitt einer entspre-
chenden A-�Säule (16) verbunden ist, so dass die
vorderen oberen Seitenlängsträgerstrukturen (108)
lateral voneinander beabstandet sind und im We-
sentlichen oberhalb der vorderen Abschnitte der Sei-
tenlängsträgerstrukturen (12) vertikal beabstandet
sind, wobei jede seitliche Stützstruktur (112) an ei-
nem Ende mit einem mittleren Abschnitt einer ent-
sprechenden A- �Säule (16) verbunden ist und sich
von dort nach vorne und nach unten erstreckt und
an einem anderen Ende gegenüber von dem vorge-
nannten Ende mit einer zugehörigen Seitenlängsträ-
gerstruktur (12) verbunden ist.

8. Rahmentragwerk bzw. Gitterrahmen gemäß An-
spruch 7, worin das Paar von vorderen oberen Sei-
tenlängsträgerstrukturen (108) von einem Paar von
rohrförmigen hydrogeformten oberen Seitenlängs-
trägerelementen (126, 128) gebildet wird und worin
das Paar von seitlichen Stützstrukturen (112) von
einem Paar von rohrförmigen hydrogeformten vor-
deren oberen Seitenlängsträgerelementen (134,
138) gebildet wird.

9. Rahmentragwerk bzw. Gitterrahmen gemäß An-
spruch 8, worin besagte Dachlängsträgerstrukturen
rohrförmige hydrogeformte Elemente sind.

10. Rahmentragwerk bzw. Gitterrahmen gemäß einem
der Ansprüche 1 bis 9, wobei besagtes Rahmentrag-
werk bzw. besagter Gitterrahmen weiterhin umfasst:�

erste und zweite Verbindungsstrukturen (102,
104), die jeweils vor bzw. hinter den Radschäch-
ten (66) lateral zwischen den Seitenlängsträger-
strukturen verbunden sind; und
eine Gestellanordnung (152) mit einem Paar
von langgestreckten Gestellstützstrukturen
(154, 156) und einem Paar von U-�förmigen Ge-
stellstrukturen (158, 160), wobei jede U-�förmige
Gestellstruktur (158, 160) ein Paar von Schen-
kelabschnitten (162, 164) aufweist, die sich von
einem Querabschnitt (166, 168) aus erstrecken,
wobei die Gestellstützstrukturen (154, 156) la-
teral beabstandet sind und jeweils zwischen der
ersten und zweiten Verbindungsstruktur (102,
104) verbunden sind, wobei die U-�förmigen Ge-
stellstrukturen (158, 160) longitudinal beabstan-
det sind und jeder Schenkelabschnitt (162, 164)
des Paars von Schenkelabschnitten (162, 164)
von jeder der U-�förmigen Gestellstrukturen
(158, 160) mit einer entsprechenden Gestell-
stützstruktur des Paars von Gestellstützstruktu-

ren (154, 156) verbunden ist.

11. Rahmentragwerk bzw. Gitterrahmen gemäß An-
spruch 10, worin jede der Gestellstützstrukturen
(154, 156) von einem rohrförmigen hydrogeformten
Gestellstützelement (154, 156) bereitgestellt wird,
wobei jedes der Gestellstützelemente (154, 156)
durch eine nach außen deformierte metallische
Wand definiert ist, die in einer bestimmten Oberflä-
chenkonfiguration fixiert ist, und worin jede der U-
förmigen Gestellstrukturen (158, 160) von einem
rohrförmigem hydrogeformten U-�förmigen Gestell-
element (158, 160) gebildet wird, wobei jedes U-�för-
mige Gestellelement (158, 160) durch eine nach au-
ßen deformierte metallische Wand definiert ist, die
in einer bestimmten Oberflächenkonfiguration fixiert
ist.

12. Rahmentragwerk bzw. Gitterrahmen gemäß An-
spruch 10 oder 11, bei dem das Paar von entspre-
chenden Radschächten ein Paar von hinteren Rad-
schächten (66) definiert.

13. Verfahren zum Ausbilden einer hinteren ringförmi-
gen Rahmenanordnung für ein Kraftfahrzeug, um-
fassend:�

Biegen eines rohrförmigen Rohlings in eine im
Wesentlichen U-�förmige Konfiguration;
Formen des U-�förmigen Rohlings mittels Hydro-
formen, um ein hydrogeformtes Rahmenele-
ment in Form eines umgekehrten U’s zu formen,
indem man eine unter Druck stehende Flüssig-
keit innerhalb des U- �förmigen Rohlings anwen-
det, um den U-�förmigen Rohling so zu expan-
dieren, dass er mit Pressflächen einer Pressvor-
richtung für Hydroformen übereinstimmt;
Bereitstellen eines Paares von Rohlingen für
seitliche Elemente;
Formen jedes der Rohlinge für seitliche Elemen-
te mittels Hydroformen, um ein Paar von seitli-
chen Rahmenelementen zu formen, indem man
eine unter Druck stehende Flüssigkeit innerhalb
davon anwendet, um die Rohlinge für seitliche
Elemente so zu expandieren, dass sie mit
Pressflächen einer Pressvorrichtung für Hydro-
formen übereinstimmen;
Verbinden eines ersten Endes jedes der hydro-
geformten seitlichen Rahmenelemente mit zu-
gehörigen Schenkelabschnitten des hydroge-
formten Rahmenelements in Form eines umge-
kehrten U’s;
Bereitstellen einer Querstruktur; und
Verbinden der Querstruktur zwischen zweiten
Enden der hydrogeformten seitlichen Rahmen-
elemente,

wobei die hydrogeformten seitlichen Rahmenele-
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mente untere Abschnitte aufweisen, die näher zu-
einander angeordnet sind als obere Abschnitte,�
wobei die hydrogeformten seitlichen Rahmenele-
mente untere Abschnitte aufweisen, die in eine
Längsrichtung des Rahmens weiter hinten angeord-
net sind als obere Abschnitte davon, und
Verbinden der Querstruktur zwischen einem Paar
von lateral beabstandeten, sich longitudinal erstrek-
kenden Seitenlängsträgerstrukturen, wobei die Sei-
tenlängsträgerstrukturen jeweils einen nach oben
gekrümmten Abschnitt aufweisen, der ein Paar von
Radschächten definiert und wobei die Querstruktur
mit dem Paar von Seitenlängsträgerstrukturen hinter
dem Paar von Radschächten verbunden wird.

14. Verfahren zum Ausbilden eines Rahmentragwerks
bzw. Gitterrahmens für ein Kraftfahrzeug, umfas-
send die Schritte zur Herstellung einer hinteren ring-
förmigen Rahmenanordnung gemäß Anspruch 13,
umfassend weiterhin:�

Bereitstellen von Komponenten für ein Rahmen-
tragwerk bzw. einen Gitterrahmen
einschließlich eines Paares von Seitenlängsträ-
gerstrukturen, wobei jede Seitenlängsträger-
struktur einen Abschnitt umfasst, der einen Rad-
schacht bildet, eines Paares von Verbindungs-
strukturen, und eine Gestellanordnung, wobei
die Gestellanordnung ein Paar von langge-
streckten Gestellstützelementen und ein Paar
von U-�förmigen Gestellelementen umfasst, wo-
bei jedes U-�förmige Gestellelement ein Paar
von Schenkelabschnitten aufweist,� die von ei-
nem Querabschnitt ausgehen und wobei die
Gestellstützelemente und die U-�förmigen Ge-
stellelemente jeweils in einem Hydroformver-
fahren geformt werden, welches das Bereitstel-
len eines rohrförmigen Rohlings mit einer me-
tallischen Wand, das Einlegen des Rohlings in
eine Pressvorrichtung, die Pressflächen auf-
weist, die einen Pressformhohlraum begrenzen,
und das Bereitstellen einer unter Druck stehen-
den Flüssigkeit in einem Innenraum des Roh-
lings umfasst, um die Wand so zu expandieren,
dass sie mit den Pressflächen übereinstimmt,
und
Zusammenbauen der Komponenten, so dass
die erste und die zweite Verbindungsstruktur la-
teral zwischen den Seitenlängsträgerstrukturen
vor bzw. hinter den Radschächte bildenden Ab-
schnitten verbunden werden, wobei besagte
Gestellstützelemente lateral beabstandet sind
und jeweils zwischen der ersten und der zweiten
Verbindungsstruktur verbunden werden, und
wobei die U-�förmigen Gestellelemente longitu-
dinal beabstandet sind und jeder Schenkelab-
schnitt des Paars von Schenkelabschnitten von
jedem U-�förmigen Gestellelement mit einem

entsprechenden Gestellstützelement des Paars
von Gestellstützelementen verbunden ist.

15. Verfahren zum Ausbilden eines Rahmentragwerks
bzw. Gitterrahmens für ein Kraftfahrzeug, umfas-
send die Schritte zur Herstellung einer hinteren ring-
förmigen Rahmenanordnung gemäß Anspruch 13,
umfassend weiterhin:�

Bereitstellen weiterer Komponenten für ein Rah-
mentragwerk bzw. einen Gitterrahmen, ein-
schließlich eines Paars von Dachlängsträger-
strukturen, Paaren von vordersten bzw. hinter-
sten aufrechten Strukturen und einer vorderen
strukturellen Anordnung, wobei besagte vorde-
re strukturelle Anordnung ein Paar von vorderen
oberen Längsträgerelementen, eine vordere
Querstruktur und ein Paar von seitlichen Stütz-
elementen einschließt, wobei jedes Element
durch ein Hydroformverfahren geformt wird, wo-
bei jedes Verfahren das Bereitstellen eines rohr-
förmigen Rohlings mit einer metallischen Wand,
das Einlegen des Rohlings in eine Pressvorrich-
tung, die Pressflächen aufweist, die einen
Pressformhohlraum begrenzen, und das Bereit-
stellen einer unter Druck stehenden Flüssigkeit
in einem Innenraum des Rohlings umfasst, um
die Wand so zu expandieren, dass sie mit den
Pressoberflächen übereinstimmt; und
Zusammenbauen der Komponenten, so dass
jede vorderste aufrechte Struktur mit einer ent-
sprechenden Seitenlängsträgerstruktur verbun-
den wird, um eine A-�Säule daran zu definieren,
jede hinterste aufrechte Struktur mit einer ent-
sprechenden Seitenlängsträgerstruktur verbun-
den wird, um eine D-�Säule daran zu definieren,
jede Dachlängsträgerstruktur zwischen einem
oberen Ende einer entsprechenden A-�Säule
und einem oberen Ende einer zugehörigen D-
Säule verbunden wird, die vordere Querstruktur
lateral zwischen vorderen Endabschnitten der
Seitenlängsträgerstrukturen verbunden wird, je-
de vordere obere Seitenlängsträgerstruktur zwi-
schen der vorderen Querstruktur und einem
mittleren Abschnitt einer entsprechenden A-
Säule verbunden wird, so dass die vorderen
oberen Seitenlängsträgerelemente lateral be-
abstandet voneinander sind und jeweils im We-
sentlichen vertikal über dem vorderen Abschnitt
einer zugehörigen Seitenlängsträgerstruktur
beabstandet sind, und wobei jedes seitliche
Stützelement an einem Ende mit einem mittle-
ren Abschnitt einer entsprechenden A-�Säule
verbunden ist und sich von dort nach vorne und
nach unten erstreckt und an einem anderen En-
de, das dem vorgenannten Ende gegenüber
liegt, mit einer zugehörigen Seitenlängsträger-
struktur verbunden ist.
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Revendications

1. Châssis tridimensionnel (10) pour un véhicule à mo-
teur, ledit châssis tridimensionnel comprenant :�

une paire de structures formant rails de côté (12)
latéralement espacées et s’étendant longitudi-
nalement, lesdites structures formant rails de
côté (12) ayant chacune une portion en arc vers
le haut définissant une paire de passages de
roues ;
une paire de structures dressées (16) tout à fait
à l’avant, qui sont connectées chacune à une
structure formant rail de côté (12) respective, en
formant ainsi une paire de montants A ;
une paire de structures formant rails de toiture
(18), une extrémité avant de chaque structure
formant rail de toiture étant connectée à une ex-
trémité supérieure d’un montant A associé ; et
un assemblage formant anneau arrière (20)
connecté au niveau de ses portions supérieures
auxdites structures formant rails de toiture (18)
et au niveau de ses portions inférieures auxdites
structures formant rails de côté (12), ledit as-
semblage formant anneau arrière (20) compre-
nant (a) un élément supérieur tubulaire hydro-
formé (22) en forme de U inversé, ledit élément
supérieur ayant une portion transversale (28) et
une paire de portions de pied (30) qui s’étendent
vers le bas depuis des extrémités opposées de
ladite portion transversale (28), (b) une paire
d’éléments de côté tubulaires hydroformés (24,
26), lesdits éléments de côté ayant chacun une
première et une seconde extrémité, chacun des-
dits éléments de côté étant connecté à sa pre-
mière extrémité avec une extrémité libre d’une
portion de pied respective (30) dudit élément su-
périeur (22), et (c) une structure transversale
(38) connectée rigidement et dans une relation
en formant un anneau, entre lesdites secondes
extrémités des éléments de côté (24, 26) en ar-
rière desdits passages de roues,
lesdites structures formant rails de côté (12), les-
dits montants A (16), lesdites structures formant
rails de toiture (18) et ledit assemblage formant
anneau arrière (20) définissant généralement
une région intérieure (40) de châssis tridimen-
sionnel, ledit assemblage formant anneau arriè-
re (20) présentant une ouverture arrière vers la-
dite région intérieure (40),

caractérisé en ce que  lesdits éléments de côté (24,
26) sont tels que leur portions inférieures sont dis-
posées plus proches l’une de l’autre que leur por-
tions supérieures, et lesdits éléments de côté sont
tels que leur portions inférieures sont disposées plus
en arrière, dans une direction longitudinale du châs-
sis, par rapport à leur portions supérieures.

2. Châssis tridimensionnel selon la revendication 1,
dans lequel ledit élément supérieur hydroformé (22)
en forme de U inversé, et lesdits éléments de côté
hydroformés (24, 26) forment ensemble un assem-
blage en forme de U inversé, ledit assemblage en
forme de U inversé (32) définissant une paire de
montants (34, 36) tout à fait à l’arrière, chacun des-
dits montants (34, 36) tout à fait à l’arrière ayant une
portion terminale supérieure essentiellement rectili-
gne qui s’étend vers le bas depuis une jonction as-
sociée avec ladite portion transversale (28), une por-
tion terminale inférieure essentiellement rectiligne,
et une portion centrale en angle vers l’intérieur, de
sorte que lesdites portions terminales supérieures
rectilignes définissent une portion supérieure relati-
vement large de ladite ouverture arrière et lesdites
portions terminales inférieures rectilignes définis-
sent une portion inférieure relativement étroite de
ladite ouverture arrière.

3. Châssis tridimensionnel selon la revendication 2, in-
cluant en outre une structure de connexion arrière
s’étendant latéralement et connectée entre lesdites
portions arrières desdites structures formant rails de
côté (12), et dans lequel ladite structure transversale
dudit assemblage formant anneau arrière (20) est
connectée à ladite structure de connexion arrière de
telle façon que ladite structure transversale s’étend
latéralement entre lesdites structures formant rails
de côté (12), ladite portion terminale inférieure de
chacun desdits montants (34, 36) tout à fait à l’arrière
étant connectée à ladite première structure de con-
nexion arrière et s’étendant généralement vers le
haut par rapport à celle-�ci.

4. Châssis tridimensionnel selon la revendication 3,
dans lequel lesdites portions terminales supérieures
essentiellement rectilignes desdits montants (34,
36) tout à fait à l’arrière sont effilées vers l’arrière, et
lesdites portions terminales inférieures essentielle-
ment rectilignes desdits montants (34, 36) tout à fait
à l’arrière sont effilées vers l’arrière et du haut vers
le bas.

5. Châssis tridimensionnel selon la revendication 4,
dans lequel la portion terminale inférieure essentiel-
lement rectiligne de chaque montant (34, 36) tout à
fait à l’arrière est verticale et la portion terminale su-
périeure essentiellement rectiligne forme un angle
d’approximativement 10° avec celle-�ci, comme vue
en élévation latérale.

6. Châssis tridimensionnel selon la revendication 1,
dans lequel ladite structure transversale comprend
un assemblage d’éléments estampés assemblés en
une configuration tubulaire.

7. Châssis tridimensionnel selon la revendication 1, in-
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cluant en outre un ensemble structurel avant (106),
ledit ensemble structurel avant (106) comprenant
une paire de structures formant rails de côté (108)
supérieurs avant, un ensemble structurel transversal
avant (110) et une paire de structures de support de
côté (112), ledit ensemble structurel transversal
avant (110) étant connecté latéralement entre des
portions terminales avant desdites structures for-
mant rails de côté (12), chacune desdites structures
formant rails de côté supérieurs avant (108) étant
connectée entre ledit ensemble structurel transver-
sal avant (110) et une portion intermédiaire d’un
montant A respectif (16) de sorte que lesdites struc-
tures formant rails de côté supérieurs avant (108)
sont latéralement espacées l’une de l’autre et géné-
ralement verticalement espacées au- �dessus de por-
tions antérieures desdites structures formant rails de
côté (12), chaque structure de support de côté (112)
étant connectée à une extrémité avec une portion
intermédiaire d’un montant A respectif (16) et s’éten-
dant vers l’avant et vers le bas depuis celui-�ci, et
étant connectée à une autre extrémité opposée à
ladite extrémité avec une structure formant rail de
côté associée (12).

8. Châssis tridimensionnel selon la revendication 7,
dans lequel ladite paire de structures formant rails
de côté supérieurs avant (108) sont réalisées par
une paire d’éléments formant rails de côté supé-
rieurs avant tubulaires hydroformés (126, 128), et
dans lequel ladite paire de structures de support de
côté (112) sont réalisées par une paire d’éléments
formant rails de côté avant supérieurs (134, 136) tu-
bulaires hydroformés.

9. Châssis tridimensionnel selon la revendication 8,
dans lequel lesdites structures formant rails de toi-
ture sont des éléments tubulaires hydroformés.

10. Châssis tridimensionnel selon l’une des revendica-
tions 1 à 9, ledit châssis tridimensionnel comprenant
en outre :�

une première et une seconde structure de con-
nexion (102, 104) connectées latéralement en-
tre lesdites structures formant rails de côté en
arrière et en avant, respectivement, desdits pas-
sages de roues (66) ; et
un ensemble formant berceau (152) compre-
nant une paire de structures de support de ber-
ceau allongées (154, 156), et une paire de struc-
tures de berceau en forme de U (158, 160), cha-
que structure de berceau en forme de U (158,
160) ayant une paire de portions de pieds (162,
164) s’étendant depuis une portion transversale
(166, 168), lesdites structures de support de ber-
ceau (154, 156) étant latéralement espacées et
étant connectées chacune entre ladite première

et ladite seconde structure de connexion (102,
104), lesdites structures de berceau en forme
de U (158, 160) étant longitudinalement espa-
cées et chaque portion de pied (162, 164) de
ladite paire de portions de pieds (162, 164) de
chacune desdites structures de berceau en for-
me de U (158, 160) étant connectée à une struc-
ture de support de berceau respective de ladite
paire de structures de support de berceau (154,
156).

11. Châssis tridimensionnel selon la revendication 10,
dans lequel chaque structure de support de berceau
(154, 156) est réalisée par un élément de support
de berceau tubulaire hydroformé (154, 156), chaque
élément de support de berceau (154, 156) étant dé-
fini par une paroi métallique déformée vers l’exté-
rieur fixée dans une configuration de surface prédé-
terminée, et dans lequel chaque structure de ber-
ceau en forme de U (158, 160) est réalisée par un
élément de berceau tubulaire hydroformé en forme
de U (158, 160), chaque élément de berceau en for-
me de U (158, 160) étant défini par une paroi métal-
lique déformée vers l’extérieur fixée dans une con-
figuration de surface prédéterminée.

12. Châssis tridimensionnel selon la revendication 10
ou 11, dans lequel ladite paire de passages de roues
correspondants définissent une paire de passages
de roues arrière (66).

13. Procédé pour former un assemblage formant châs-
sis annulaire arrière pour un véhicule à moteur,
comprenant :�

de cintrer une ébauche tubulaire en une confi-
guration généralement en forme de U ;
d’hydroformer ladite ébauche en forme de U
pour former un élément de châssis hydroformé
en forme de U inversé en appliquant un fluide
sous pression à l’intérieur de ladite ébauche en
forme de U de manière à mettre en expansion
ladite ébauche en forme de U jusqu’en confor-
mité avec des surfaces de matrice d’une matrice
d’hydroformage ;
d’approvisionner une paire d’ébauches d’élé-
ments de côté ;
d’hydroformer chacune desdites ébauches
d’éléments de côté pour former une paire d’élé-
ments de côté de châssis en appliquant un fluide
sous pression à l’intérieur desdites ébauches de
manière à mettre en expansion lesdites ébau-
ches d’éléments de côté jusqu’en conformité
avec des surfaces de matrice d’une matrice
d’hydroformage ;
de connecter une première extrémité de chacun
desdits éléments de côté de châssis hydrofor-
més avec des portions de pieds associées dudit
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élément de châssis hydroformé en forme de U
inversé ;
d’approvisionner une structure transversale ; et
de connecter ladite structure transversale entre
des secondes extrémités desdits éléments de
côté de châssis hydroformés,

dans lequel lesdits éléments de côté de châssis hy-
droformés possèdent des portions inférieures dispo-
sées plus proches l’une de l’autre que leurs portions
supérieures,�
dans lequel lesdits éléments de côté de châssis hy-
droformés possèdent des portions inférieures dispo-
sées plus en arrière, dans une direction longitudinale
du châssis, par rapport à leur portion supérieure, et
de connecter ladite structure transversale entre une
paire de structures formant rails de côté, latérale-
ment espacées et s’étendant longitudinalement, les-
dites structures formant rails de côté ayant une por-
tion en arc vers le haut définissant une paire de pas-
sages de roues, et ladite structure transversale étant
connectée à ladite paire d’éléments formant rails de
côté en arrière de ladite paire de passages de roues.

14. Procédé pour former un châssis tridimensionnel
pour un véhicule à moteur, comprenant les étapes
pour former un assemblage de châssis annulaire ar-
rière selon la revendication 13, comprenant en
outre :�

d’approvisionner des composants pour un châs-
sis tridimensionnel qui incluent une paire de
structures formant rails de côté, chaque struc-
ture formant rail de côté incluant une portion
pour former un passage de roue, une paire de
structures de connexion, et un ensemble for-
mant berceau, ledit ensemble formant berceau
incluant une paire d’éléments de support de ber-
ceau allongés et une paire d’éléments de ber-
ceau en forme de U, chaque élément de berceau
en forme de U ayant une paire de portions de
pieds s’étendant depuis une portion transversa-
le, les éléments de support de berceau et les
éléments de berceau en forme de U étant for-
més chacun dans une procédure d’hydroforma-
ge qui inclut d’approvisionner une ébauche tu-
bulaire ayant une paroi métallique, de placer
l’ébauche dans un ensemble de matrice ayant
des surfaces de matrice définissant une cavité
de matrice, et d’amener un fluide sous pression
à l’intérieur de l’ébauche pour mettre en expan-
sion ladite paroi jusqu’en conformité avec lesdi-
tes surfaces de matrice, et
d’assembler lesdits composants de telle maniè-
re que la première et la seconde structure de
connexion sont connectées latéralement entre
lesdites structures formant rails de côté en ar-
rière et en avant, respectivement, desdites por-

tions pour former passages de roues, lesdits élé-
ments de support de berceau sont latéralement
espacés et sont chacun connectés entre la pre-
mière et la seconde structure de connexion, et
lesdites structures de berceau en forme de U
sont longitudinalement espacées, et chaque
portion de pied de ladite paire de portions de
pied de chaque élément de berceau en forme
de U est connectée à un élément de support de
berceau respectif de ladite paire d’éléments de
support de berceau.

15. Procédé pour former un châssis tridimensionnel
pour un véhicule à moteur, comprenant les étapes
pour former un assemblage de châssis annulaire ar-
rière selon la revendication 13, comprenant en
outre :�

d’approvisionner d’autres composants pour un
châssis tridimensionnel qui incluent une paire
de structures formant rails de toiture, des paires
de structures dressées tout à fait à l’avant et tout
à fait à l’arrière, et un assemblage structurel
avant, ledit assemblage structurel avant incluant
une paire d’éléments formant rails de côté su-
périeurs avant, un ensemble structurel transver-
sal avant, et une paire d’éléments de supports
de côté, chaque élément étant formé dans une
procédure d’hydroformage, chaque procédure
incluant d’approvisionner une ébauche tubulai-
re ayant une paroi métallique, de placer l’ébau-
che dans un ensemble de matrice ayant des sur-
faces de matrice définissant une cavité de ma-
trice, et d’appliquer un fluide sous pression à
l’intérieur de l’ébauche pour mettre en expan-
sion la paroi jusqu’en conformité avec les sur-
faces de matrice ; et
d’assembler lesdits composants de sorte que
chaque structure dressée tout à fait à l’avant est
connectée à une structure formant rail de côté
respective de manière à définir un montant A
sur celle- �ci, chaque structure dressée tout à fait
à l’arrière est connectée à une structure formant
rail de côté respective de manière à définir un
montant D sur celle-�ci, chaque structure formant
rail de toiture est connectée entre une extrémité
supérieure d’un montant A respectif et une ex-
trémité supérieure d’un montant D associé, ledit
ensemble structurel transversal avant est con-
necté latéralement entre des portions termina-
les avant lesdites structures formant rails de cô-
té, chaque élément formant rail de côté supé-
rieur avant est connecté entre ledit ensemble
structurel transversal avant et une portion inter-
médiaire d’un montant A respectif, de sorte que
lesdits éléments formant rails de côté supérieurs
avant sont latéralement espacés l’un de l’autre
et sont généralement verticalement espacés au-
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dessus de la portion avant d’une structure for-
mant rail de côté associée, et chaque élément
de support de côté est connecté à une extrémité
à une portion intermédiaire d’un montant A res-
pectif et s’étend en avant et vers le bas depuis
celui- �ci, et est connecté, à une autre extrémité
opposée à ladite extrémité, avec une structure
formant rail de côté associée.
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