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( 57 ) ABSTRACT 
A vehicle is provided . The vehicle may include a detachable 
roof assembly that includes an upper B - pillar extending 
from a longitudinal roof rail that extends between a pair of 
transverse roof bows . The vehicle may also include a frame 
assembly . The frame assembly may include a lower B - pillar 
that extends from a rocker panel to a beltline of the vehicle . 
The lower B - pillar may include an upper end that defines a 
receptacle that may receive at least 50 % of the upper B - pillar 
when the roof assembly is assembled to the frame assembly . 
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REMOVABLE ROOF STRUCTURE [ 0010 ) FIG . 4 is a graph comparing displacement of the 
removable roof structure versus a conventional roof struc 
ture under a simulated test . TECHNICAL FIELD 

[ 0001 ] The present disclosure relates to a removable roof 
structure for a vehicle . 

BACKGROUND 

[ 0002 ] Those that enjoy the sound of the open road and 
wind blowing in their hair , a vehicle that can be converted 
from an enclosed cabin to an open - air cabin may be enticing . 
Detachable tops or structural roof assemblies may be dis 
engaged and removed from the vehicle body to create the 
open - air cabin . In conventional vehicles , the roof is not 
detachable and acts as a portion of the structural frame to 
stiffen the overall vehicle body structure . Providing a 
detachable roof structure that provides similar structural 
stiffness is one of the challenges in this field . 

SUMMARY 

[ 0003 ] According to one embodiment of this disclosure , a 
vehicle is provided . The vehicle may include a detachable 
roof assembly that comprises an upper B - pillar extending 
from a longitudinal roof rail that extends between a pair of 
transverse roof bows . The vehicle may also include a frame 
assembly . The frame assembly may include a lower B - pillar 
that extends from a rocker panel to a beltline of the vehicle . 
The lower B - pillar may include an upper end that defines a 
receptacle that may receive at least 50 % of the upper B - pillar 
when the roof assembly is assembled to the frame assembly . 
[ 0004 ] According to another embodiment of this disclo 
sure , a five - door vehicle is provided . The five - door vehicle 
may include a frame assembly comprising a lower B - pillar 
extending from a rocker and terminating at a beltline of the 
vehicle and forming a receptacle . The vehicle may also 
include a roof assembly including an upper B - pillar includ 
ing hydroformed tube extending from a longitudinally 
extending roof rail . At least one - third of a length of the upper 
B - pillar may be disposed within the receptacle . The upper 
B - pillar and the lower B - pillar may be detachably connected 
to one another by a connector . 
[ 0005 ] According to yet another embodiment of this dis 
closure , a five - door vehicle is provided . The vehicle may 
include a frame assembly comprising a lower B - pillar form 
ing a receptacle , and bifurcating front and rear side ingress / 
egress openings . The vehicle may also include a roof assem 
bly including an upper B - pillar including a tube extending 
from a longitudinally extending roof rail . At least one - third 
of a length of the upper B - pillar may be disposed within the 
receptacle . The upper B - pillar and the lower B - pillar may be 
detachably connected to one another by a connector . 

DETAILED DESCRIPTION 
[ 0011 ] As required , detailed embodiments of the present 
invention are disclosed herein ; however , it is to be under 
stood that the disclosed embodiments are merely exemplary 
of the invention that may be embodied in various and 
alternative forms . The figures are not necessarily to scale ; 
some features may be exaggerated or minimized to show 
details of particular components . Therefore , specific struc 
tural and functional details disclosed herein are not to be 
interpreted as limiting , but merely as a representative basis 
for teaching one skilled in the art to variously employ the 
present invention . 
[ 0012 ] With reference to FIG . 1 , a vehicle or more spe 
cifically a five - door sport utility vehicle 10 is shown . The 
vehicle 10 may include removable or detachable roof 
assembly 12 , which may be configured to attach and detach 
to a vehicle frame 14. The vehicle frame 14 may be 
comprised of various structural members , such as a lower 
B - pillar 16 , that forms a receptacle 17 and extends from a 
rocker panel 18 to a beltline 28 of the vehicle frame 14. The 
beltline 28 of the vehicle may refer to demarcation between 
body panels of the vehicle 10 and the side windows of the 
vehicle 10 . 
[ 0013 ] The roof assembly 12 includes a pair of upper 
B - pillars 30 each extending from a pair of longitudinally 
extending roof rails 36. Because the upper B - pillars are 
symmetrically opposite ( e.g. , mirrored ) to one another , only 
one will be discussed . The upper B - pillar 30 may be 
comprised of an elongated - tapered tube 29 that is inserted 
into the receptacle 17 defined by the lower B - pillar 16. The 
upper B - pillar 30 and the lower B - pillar 16 are each con 
figured so that at least one - third of the upper B - pillar 30 is 
disposed within the receptacle 17 when the roof assembly 12 
is connected to the vehicle . 
[ 0014 ] The pair of longitudinally extending roof rails 36 
are connected by a front roof bow 38 and a rear roof be 40 . 
The front roof bow 38 may attach to a pair of A - pillars 32 
that extend from a hinge pillar 20 of the vehicle frame 14 
when the roof assembly is attached to the frame 14. Simi 
larly , the rear roof bow 40 may attach to a pair of C - pillars 
34 that extend from a portion of near the rear quarter panel 
22. A driver - side front opening 24 is defined by the hinge 
pillar 20 , the rocker panel 18 , and the lower B - pillar 16. A 
driver - side rear opening is defined by the rear quarter panel 
22 , the rocker panel 18 , and the lower B - pillar . 
[ 0015 ] Referring to FIGS . 2 through 3A , the upper B - pillar 
30 and the lower B - pillar 16 are provided . The lower B - pillar 
16 may include an outer panel 44 that is attached to an inner 
panel 42. The inner and outer panels may each be comprised 
of U - shaped metal stampings that are attached to one 
another by one or more welds 46. The outer panel 44 may 
include a medial section 47 that is spaced apart from a pair 
of peripheral flanges 45 by a pair of structural ribs 49. The 
medial section defines a first set of apertures 35 that are 
aligned with a second set of apertures 37 defined by the 
upper B - pillar 30 and a third set of apertures 39 defined by 
the inner panel 42. Furthermore , the outer panel 44 includes 
an upper end 44a that terminates at the beltline 28 of the 
vehicle frame 14 and a bottom end 44b that is attached to the 
rocker panel 18 . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0006 ] FIG . 1 is an exploded - perspective view of an 
example vehicle that includes the removable roof structure 
according to at least one embodiment of this disclosure . 
[ 0007 ] FIG . 2 is an exploded - perspective of a B - pillar 
assembly of the removable roof structure . 
[ 0008 ] FIG . 3 is a perspective view of the B - pillar assem 
bly of the removable roof structure . 
[ 0009 ] FIG . 3A is a cross - sectional view take along the 
lines 3A in FIG . 3 . 
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[ 0016 ] One or more fasteners or connectors , such as bolts 
64 , may be inserted through the first set of apertures 35 so 
that they extend through the second and third sets of 
apertures , and vice - versa . A set of reinforcement sleeves 60 
may be disposed within the upper B - pillar 30 so that they are 
aligned with the second set of apertures 37. The reinforce 
ment sleeves 60 may provide additional cross - section to the 
fastening joint to absorb shear forces through the upper 
B - pillar 30 and the lower B - pillar 16. A set of female 
fasteners , such as nuts 62 may be disposed within the outer 
panel 44 and aligned with the first set of apertures . The bolts 
64 may thread into the nuts 62 so that the upper B - pillar 30 
is detachably connected to the lower B - pillar 16. Each of the 
bolts 64 may include a head configured to engage a tool 
( e.g. , socket , wrench , etc. ) so that the bolt may be threaded 
into and out of the nut 62 . 

[ 0017 ] The upper B - pillar 30 may include a tube 29 that 
has an upper end 29a and a lower end 29b . The upper end 
29a may be attached to a first flange bracket 31 and a second 
flange bracket 33. The first and second flange brackets 31 
and 33 may define a trough or channel that is configured to 
receive the longitudinal roof rail 36. The flange brackets 31 
and 33 may be stamped metal brackets that are attached to 
the upper end 29a by one or more welds or other suitable 
attachment configurations . The tube 29 may be a hydro 
formed tube comprised of aluminum or other suitable metal 
or alloy . Aluminum hydroformed tubes are generally formed 
by extruding an aluminum billet through an extrusion die at 
a high temperature and at high pressure form a straight 
cylindrical ( e.g. , round , square , rectangle ) section . The 
cylindrical section is then fed into a hydroforming press that 
bends the section to a desired shape . 
[ 0018 ] Referring to FIG . 4 , a graph comparing displace 
ment of a conventional fixed roof against the detachable roof 
assembly 12 undergoing a simulated roof strength test . In the 
test , the strength of the roof is determined by pushing a metal 
plate against one side of it at a slow but constant speed . The 
force applied relative to the vehicle's weight is known as the 
strength - to - weight ratio . This ratio varies as the test pro 
gresses . The peak strength - to - weight ratio recorded at any 
time before the roof is crushed 5 inches is the key measure 
ment of roof strength . A good rating requires a strength - to 
weight ratio of at least 4. In other words , the roof must 
withstand a force of at least 4 times the vehicle's weight 
before the plate crushes the roof by 5 inches . For an 
acceptable rating , the minimum required strength - to - weight 
ratio is 3.25 . For a marginal rating , it is 2.5 . Anything lower 
than that is poor . The x - axis of the graph represents dis 
placement ( mm ) of the plate during the simulation . The 
y - axis represents the strength - to - weight ratio as described 
above . Line S1 represents a conventional roof structure , one 
that is not detachable . Line S2 represents the roof assembly 
as illustrated in the Figures . 
[ 0019 ] While exemplary embodiments are described 
above , it is not intended that these embodiments describe all 
possible forms of the invention . Rather , the words used in 
the specification are words of description rather than limi 
tation , and it is understood that various changes may be 
made without departing from the spirit and scope of the 
invention . Additionally , the features of various implement 
ing embodiments may be combined to form further embodi 
ments of the invention . 

1. A vehicle comprising : 
a detachable roof assembly including , 

a pair of transverse roof bows ; 
a longitudinal roof rail extending between the pair of 

transverse roof bows , and 
an upper B - pillar defined by an elongated tapered tube 

extending from the longitudinal roof rail ; and 
a frame assembly including , 

a rocker panel , 
a lower B - pillar defined by a pair of U - shaped panels 
welded together end to end such that the lower 
B - pillar defines a receptacle extending from the 
rocker panel to a beltline of the vehicle and config 
ured to receive the elongated tapered tube , wherein 
an inner surface of the receptacle contacts an outer 
surface of the elongated tapered tube such that 
apertures defined by the elongated tapered tube and 
the receptacle are aligned ; and 

a bolt extending through the apertures . 
2. ( canceled ) 
3. The vehicle of claim 1 wherein the upper B - pillar 

includes a pair of opposing flanges that extend from an upper 
end of the tube to define a trough configured to receive the 
roof rail . 

4. The vehicle of claim 2 wherein the elongated tapered 
tube is hydroformed aluminum tube . 
5. ( canceled ) 
6. ( canceled ) 
7. The vehicle of claim 1 further comprising : 
a reinforcement sleeve extending between sidewalls of the 

elongated tapered tube and defining an inner diameter 
configured to receive the bolt . 

8. A five - door vehicle comprising : 
a frame assembly including , 

a rocker , 
a lower B - pillar forming a receptacle extending from 

the rocker and terminating at a beltline of the vehicle 
and forming a receptacle ; 

a detachable roof assembly including 
longitudinally extending roof rail , 
an upper B - pillar defined by a hydroformed elongated 

tapered tube extending from the longitudinally 
extending roof rail wherein an inner surface of the 
receptacle contacts an outer surface of the hydro 
formed elongated tapered tube such that at least 
one - third of a length of the hydroformed elongated 
tapered tube is disposed within the receptacle and 
aperture defined by the hydroformed elongated 
tapered tube and the receptacle are aligned ; and 

a connector extending through the apertures and detach 
ably connecting the lower B - pillar and the upper B - pil 
lar . 

9. The five - door vehicle of claim 8 wherein the lower 
B - pillar includes inner and outer U - shaped panels each fixed 
to another to define a tapered cylindrical structure narrowing 
from a base of the outer U - shaped panel to the beltline . 

10. ( canceled ) 
11. ( canceled ) 
12. The five - door vehicle of claim 9 wherein portions of 

the inner U - shaped panel are fixed to and in direct contact 
with a portion of a pair of side flanges of the outer U - shaped 
panel . 

13. ( canceled ) 
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14. The five - door vehicle of claim 8 wherein the connec 
tor includes 

at least one bolt that extends through the aperture defined 
by the receptacle and the aperture defined by hydro 
formed elongated - tapered tube ; and 

at least one reinforcement sleeve extending between inner 
surfaces of the hydroformed elongate - tapered tube and 
defining an inner diameter configured to receive the at 
least one bolt . 

15. A five - door vehicle comprising : 
a frame assembly forming front and rear side ingress / 

egress openings and including a lower B - pillar defined 
by a pair of U - shaped panels welded together end to 
end such that the lower B - pillar forms a receptacle , 
wherein the lower B - pillar bifurcates the front and rear 
side ingress / egress openings ; 

a roof assembly including 
a longitudinally extending roof rail , 
an upper B - pillar defined by an elongated tapered tube 

including a tube extending from the longitudinally 
extending roof rail , wherein an inner surface of the 

receptacle contacts an outer surface of the elongated 
tapered tube such that apertures defined by the 
elongated tapered tube and the receptacle are aligned 
and at least one - third of a length of the upper B - pillar 
is disposed within the receptacle ; and 

a connector detachably connecting the lower B - pillar and 
the upper B - pillar . 

16. ( canceled ) 
17. The five - door vehicle of claim 15 wherein the upper 

B - pillar includes a pair of opposing flanges that extend from 
an upper end of the tube to define a trough adapted to receive 
the roof rail . 

18. ( canceled ) 
19. The five - door vehicle of claim 15 wherein the con 

nector includes a bolt that extends through the aperture 
defined by the lower B - pillar and the aperture defined by the 
upper B - pillar 

20. The five - door vehicle of claim 19 wherein the con 
nector further includes a weld nut fixed to an outer surface 
of the lower B - pillar . 


