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(57) ABSTRACT 
Correspondence Address: 
KATHRYN A MARRA A vehicle door includes various features that enable a thin 
General Motors Corporation door profile not achievable with the prior art. The vehicle 
Legal Staff, Mail Code 482-C23-B21 door includes an inner panel, an outer panel, and a rein 
P.O. BOX 300 forcement member between the inner panel and the outer 
Detroit, MI 48265-3000 (US) panel. Door hardware, including at least a window regulator, 

is connected to the reinforcement member Such that the door 
(21) Appl. No.: 10/427,738 hardware is outboard of a window, thereby enabling the 

inner panel to be positioned in close proximity to the 
(22) Filed: Apr. 30, 2003 window. 
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VEHICLE DOOR 

TECHNICAL FIELD 

0001. This invention relates to vehicle doors character 
ized by a reinforcement at which door hardware is mounted 
outboard of a window. 

BACKGROUND OF THE INVENTION 

0002 Aprior art vehicle door typically includes an outer 
panel, an inner panel, and numerous reinforcements Such as 
a beltline reinforcement, a hinge reinforcement, a latch 
reinforcement, and an impact bar. Door hardware, Such as a 
window regulator, a latch, a window guide, etc., is mounted 
to the inner panel and is inboard of a glass window when the 
window is in its open, i.e., retracted, position. The inner 
panel is typically a structural component, providing a Sub 
Stantial amount of the prior art doors Structural integrity and 
Stiffness. An interior trim panel is mounted to the inner panel 
to provide the door with an aesthetically-pleasing user 
interface. 

SUMMARY OF THE INVENTION 

0003) A vehicle door is provided that includes an inner 
panel, an Outer panel operatively connected to the inner 
panel Such that the inner panel and the outer panel form a 
cavity therebetween, and a reinforcement member at least 
partially located within the cavity. The vehicle door includes 
a window selectively movable between an extended and a 
retracted position. When the window is in the retracted 
position, it is at least partially located in the cavity between 
the inner panel and the reinforcement member. Door hard 
ware, Such as a window regulator, is preferably operatively 
connected to the reinforcement member So that it is outboard 
of the window when the window is in the retracted position. 
In the context of the present invention, “outboard” corre 
sponds to the direction or orientation that would be outboard 
with respect to a vehicle if the vehicle door is operatively 
connected thereto. In other words, the window is between 
the door hardware and the inner panel. 
0004. By mounting door hardware outboard of the win 
dow, the inner panel can be positioned in close proximity to 
the window, resulting in a thinner door compared to the prior 
art. Furthermore, the inner panel can follow the contour of 
the window to further reduce the thickness of the door 
compared to the prior art. 
0005 The reinforcement member is preferably a panel 
that is configured to replace the numerous reinforcements 
found in a typical prior art door. The use of Such a panel 
provides better dimensional control and fewer tolerance 
Stack-ups compared to the prior art, enabling door designers 
to design a thinner door than is achievable with the prior art 
by reducing the design clearances between door components 
compared to the prior art. Furthermore, the panel may be 
configured to provide the door with substantially all its 
Structural rigidity and StiffneSS So that the inner panel need 
not be a structural member. Thus, the inner panel can be 
made thinner than prior art inner panels, or an interior trim 
panel may be employed as an inner panel, thereby elimi 
nating a component found in typical prior art vehicle doors. 
The vehicle door can therefore reduce door thickness com 
pared to the prior art, and thereby increase vehicle interior 
Space and provide increased exterior Styling options 
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0006 The above features and advantages, and other fea 
tures and advantages, of the present invention are readily 
apparent from the following detailed description of the best 
modes for carrying out the invention when taken in connec 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 is an exploded schematic perspective view 
of a vehicle door according to an embodiment of the 
invention; 
0008 FIG. 2 is a schematic sectional view of the vehicle 
door of FIG. 1; and 
0009 FIG. 3 is a schematic perspective view of the 
vehicle door of FIGS. 1 and 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0010 Referring to FIG. 1, an exploded view of a vehicle 
door assembly 10 is schematically depicted. The door 
assembly 10 includes an outer panel 12, a reinforcement 
panel 14, and an inner panel 16. The outer panel 12, formed 
of a Single sheet of material, has a generally Smooth exterior, 
Slightly contoured in accordance with the exterior Styling of 
the associated vehicle. The outer panel 12 includes an upper 
edge 24 forming in part an outer window Sill, a bottom edge 
26, and front and rear edges 28, 30, each including material 
for assembly with the inner panel, such as hem flanges. 
0011. The inner panel 16 includes vertically and laterally 
extending front and rear Side portions 32, 34 longitudinally 
connected by a bottom portion 36. The front portion 32 of 
the inner panel defines a hinge face 33. The rear portion 34 
of the inner panel defines a latch face 37. A window sill 
support member 38 interconnects the upper ends of the front 
and rear Side portions. Outer edges of the front and rear Side 
portions and the bottom portion are adapted for connection 
with corresponding parts of the Outer panel 12. Inner panel 
16 is preferably Stamped and trimmed from a Single sheet of 
material. Alternatively, within the Scope of the claimed 
invention, the inner panel 16 may be a “trim panel” formed 
from plastic, fabric, etc., because the reinforcement panel 14 
is configured to provide the door assembly 10 with sufficient 
StiffneSS and rigidity Such that the inner panel need not be 
Substantially load-bearing. The trim panel would form a user 
interface for the door, and would preferably include a pull 
handle, an armrest, etc. 
0012. The reinforcement panel 14, like the outer panel, is 
formed from a Single sheet. However, its configuration in the 
illustrated embodiment is considerably more complex Such 
that it is preferably manufactured by Superplastic forming, 
quick plastic forming, or sheet hydroforming. Superplastic 
forming is described in U.S. Pat. No. 5,974,847, issued Nov. 
2, 1999 to Saunders, et al, which is hereby incorporated by 
reference in its entirety. Quick plastic forming is described 
in U.S. Pat. No. 6,253,588, issued Jul. 3, 2001 to Rashid, et 
al, which is hereby incorporated by reference in its entirety. 
The reinforcement panel, as well as the inner and outer 
panels, is preferably made from a Suitable aluminum alloy 
material. However, other materials may also be used within 
the Scope of the claimed invention. For example, polymer 
materials, fiber-polymer composites, metals. Such as Steel, 
etc., may be employed. 
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0013 The reinforcement panel 14 is characterized by 
corrugations 39. The outer face 40 of the reinforcement 
panel is characterized by a Series of longitudinally-oriented 
ridges 41 which are configured to conform to the shape or 
contour of the inner face 43 of the outer panel 12. The outer 
face 40 and the series of ridges 41 extend from near the 
bottom edge 26 of the Outer panel to adjacent to the upper 
window Sill edge 24 and longitudinally along the length of 
the outer panel over the distance between the front and rear 
side portions 32, 34 of the inner panel. The outer face of the 
reinforcement panel is provided with (or interrupted with) a 
plurality of, in this case Seven, longitudinally extending 
furrows 42. These are, optionally, each about three centi 
meters wide, have a bell-shaped croSS Section and extend the 
full length of the reinforcement panel, except for at least one 
which stops short of an opening 44 for the door handle. 

0.014. At the front and rear edges of the reinforcement 
panel 14 are vertical inwardly extending front and rear Side 
walls 46, 48, respectively. Four laterally extending furrows 
50 are provided in the front side wall 46 for stiffening its 
Structure, and two laterally extending furrowS 52 are pro 
vided in the rear side wall 48 for the same purpose. The front 
and rear side walls 46, 48 are fixed such as by welding to the 
corresponding front and rear Side portions 32, 34, respec 
tively, of the inner panel to thereby function as a hinge 
reinforcement and a latch reinforcement, respectively. 

0015 The front side wall 46 and front portion 32 of the 
reinforcement panel and inner panel define openings for the 
passage of necessary wiring. The front and rear Side walls 
46, 48 of the reinforcement panel add to the structural 
Stiffness of the front and rear door inner panel Side portions 
32, 34 and provide a stiff box-like support for the reinforce 
ment panel outer portion. If, as shown, the reinforcement 
panel is not provided with an optional lower wall, lateral 
strips 58 may be added for assisting in assembly of the 
reinforcement panel 14 to the bottom portion of the inner 
panel. 

0016 Door hardware, such as a window regulator 60, 
window guide 64, and latch 68, is mounted to the reinforce 
ment panel 14 with mechanical fasteners (not shown) at 
apertures (not shown) defined by the panel 14. Door hard 
ware may be mounted to the reinforcement panel prior to the 
joining of the inner panel, outer panel, and reinforcement 
panel and after the inner panel and the outer panel have been 
painted. Alternatively, and within the Scope of the claimed 
invention, door hardware may be mounted to the reinforce 
ment panel after the inner panel, outer panel, and reinforce 
ment panel have been joined. In Such a Scenario, the door 
hardware would be loaded through a hardware acceSS open 
ing 69 in the inner panel and mounted to the reinforcement 
panel with, for example, pop rivets, Self-tapping Screws, etc. 
Those skilled in the art will recognize other door hardware 
components that may be mounted to the reinforcement panel 
14, Such as interior and exterior door handles, power lock 
Switches, lock rods, etc. 

0017 Referring to FIG. 2, wherein like reference num 
bers refer to like components from FIG. 1, a schematic 
sectional view of the door assembly 10 is depicted. The door 
assembly includes the inner panel 16 operatively connected 
to the outer panel 12 such that the inner panel 16 and the 
outer panel 12 form a cavity 76 therebetween. The rein 
forcement panel 14 is operatively connected to the inner 

Nov. 4, 2004 

panel 16 and the outer panel 12 and is Substantially entirely 
located within the cavity 76. Portions of the outer face 40 of 
the reinforcement panel, i.e., the ridges 41, are positioned in 
abutting relation to contiguous portions of the Outer panel 12 
and are preferably fixed thereto, Such as by adhesive bond 
ing. The outer panel 12 and furrows 42 form load-bearing 
bOX Sections, or hollow load-bearing Sections, which add to 
the Stiffness of the outer panel-reinforcement panel assembly 
and improve the Strength of the door assembly 10 against 
intrusion. Mechanical fasteners 80 for retaining the window 
regulator 60 extend through apertures 84 and are partially 
located between the reinforcement panel 14 and the outer 
panel 12 within furrows. The reinforcement panel 14 is 
connected to the outer panel at the upper edge 24 and the 
outer window Sill to function in part as a belt reinforcement. 
0018. A glass window 88 is operatively connected to the 
window regulator 60. The window regulator 60 is configured 
to selectively move the window 88 between a retracted 
position and an extended position in which the window 
extends higher above the outer window sill than when in the 
retracted position. The window 88 is substantially entirely 
located within the cavity 76 between the inner panel 16 and 
the reinforcement panel 14 when in the retracted position, as 
depicted in FIG. 2. Similarly, the window 88 is located 
between the inner panel 16 and the window regulator 60 
when in the retracted position So that the inner panel 16 can 
be in close proximity to the window 88. 
0019. The window 88 is characterized by a contour, or 
curvature, which approximates the contour of the inner 
panel, the reinforcement panel, and the Outer panel. Thus, 
the inner panel 16, the outer panel 12, and the reinforcement 
panel 14 substantially follow the contour of the window 88, 
i.e., have a corresponding contour. FIG. 3 is a Schematic 
perspective view of the door assembly 10. 
0020. The vehicle door assembly 10 is thinner and more 
lightweight than most prior art door assemblies, resulting in 
increased vehicle interior Space. The complexity of the 
reinforcement panel geometry enables more complex door 
designs with more curvature and angles than is achievable 
with the prior art. The vehicle door assembly 10 has fewer 
parts than a typical prior art door, and therefore may reduce 
costs. The improved dimensional control provided by the 
reinforcement panel improves door assembly reliability, and 
therefore may reduce a manufacturers warranty costs. 
0021 While the best mode for carrying out the invention 
has been described in detail, those familiar with the art to 
which this invention relates will recognize various alterna 
tive designs and embodiments for practicing the invention 
within the Scope of the appended claims. 

1-7. (cancelled) 
8. A vehicle door comprising: 
an inner panel; an outer panel operatively connected to the 

inner panel Such that the inner panel and the outer panel 
form a cavity therebetween; a reinforcement member 
operatively connected to the inner panel and the outer 
panel Such that the reinforcement member is at least 
partially located within the cavity; a window Selec 
tively movable between an extended position and a 
retracted position in which the window is at least 
partially located within the cavity; and a window 
regulator operatively connected to the window; 
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wherein the Outer panel is characterized by a lower edge 
and an outer window sill; wherein a first portion of the 
inner panel defines a hinge face and a Second portion of 
the inner panel defines a latch face; and wherein the 
reinforcement member is operatively connected to the 
outer panel Substantially adjacent to the Outer window 
Sill to thereby function as a belt reinforcement, opera 
tively connected to the first portion to thereby function 
as a hinge reinforcement, operatively connected to the 
Second portion to thereby function as a latch face 
reinforcement and extends Substantially to the lower 
edge; and 

wherein the window regulator is mounted to the rein 
forcement member. 

9. The vehicle door of claim 8, wherein the window is at 
least partially located between the inner panel and the 
reinforcement member when the window is in the retracted 
position. 

10. The vehicle door of claim 8, wherein the window is at 
least partially located between the inner panel and the 
window regulator when the window is in the retracted 
position. 

11. The vehicle door of claim 10, wherein the reinforce 
ment member is one-piece. 

12. The vehicle door of claim 10, wherein the window is 
characterized by a contour, and wherein the inner panel 
substantially follows the contour of the window when the 
window is in the retracted position. 

13. The vehicle door of claim 12, wherein the reinforce 
ment member and the outer panel substantially follow the 
contour of the window when the window is in the retracted 
position. 

14. The vehicle door of claim 8, wherein the reinforce 
ment member is characterized by corrugations. 

15. (cancelled) 
16. A vehicle door comprising: 
an inner panel; an outer panel operatively connected to the 

inner panel Such that the inner panel and the outer panel 
form a cavity therebetween; a reinforcement member 
operatively connected to the inner panel and the outer 
panel Such that the reinforcement member is at least 
partially located in the cavity; a window Selectively 
movable between a retracted position and an extended 
position; and a window regulator operatively connected 
to the window; 

wherein the window is at least partially located between 
the inner panel and the window regulator when the 
window is in the retracted position; 

wherein the window is characterized by a contour, and 
wherein the inner panel substantially follows the con 
tour when the window is in the retracted position; and 

wherein the Outer panel is characterized by a lower edge 
and an outer window sill; wherein a first portion of the 
inner panel defines a hinge face and a Second portion of 
the inner panel defines a latch face; and wherein the 
reinforcement member is a panel operatively connected 
to the outer panel Substantially adjacent to the outer 
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window sill to thereby function as a belt reinforcement, 
operatively connected to the first portion to thereby 
function as a hinge reinforcement, operatively con 
nected to the Second portion to thereby function as a 
latch face reinforcement, and extends Substantially to 
the lower edge. 

17. The vehicle door of claim 16, wherein the reinforce 
ment member is formed using Superplastic forming. 

18. The vehicle door of claim 16, wherein the reinforce 
ment member is formed using quick plastic forming. 

19. The vehicle door of claim 16, wherein the reinforce 
ment member is formed using sheet hydroforming. 

20. The vehicle door of claim 16, wherein the inner panel 
is an interior trim panel. 

21. A vehicle door comprising: 
an inner panel; an outer panel operatively connected to the 

inner panel Such that the inner panel and the outer panel 
form a cavity therebetween; a reinforcement panel 
having at least one aperture for mounting door hard 
ware, the reinforcement panel being connected to the 
inner panel and the outer panel Such that the reinforce 
ment panel is at least partially located within the cavity; 
a window selectively movable between an extended 
position and a retracted position; and a window regul 
lator mounted at Said at least one aperture Such that the 
window regulator and reinforcement panel are out 
board of the window when the window is in the 
retracted position; 

wherein the outer panel is characterized by a lower edge 
and an outer window sill; wherein a first portion of the 
inner panel defines a hinge face and a Second portion of 
the inner panel defines a latch face; wherein the rein 
forcement panel is operatively connected to the outer 
panel Substantially adjacent to the outer window Sill to 
thereby function as a belt reinforcement, operatively 
connected to the first portion to thereby function as a 
hinge reinforcement, operatively connected to the Sec 
ond portion to thereby function as a latch face rein 
forcement, and extends Substantially to the lower edge; 
and wherein the reinforcement panel is characterized 
by corrugations. 

22. A vehicle door comprising: 
an inner panel; an outer panel operatively connected to the 

inner panel Such that the inner panel and the outer panel 
form a cavity therebetween; a reinforcement member at 
least partially located in the cavity; a window Selec 
tively movable between a retracted position and an 
extended position; and a window regulator operatively 
connected to the window; 

wherein the window is at least partially located between 
the inner panel and the window regulator when the 
window is in the retracted position; and 

wherein the window is characterized by a curvature, and 
wherein the inner panel is characterized by a curvature 
that approximates the curvature of the window. 
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