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(57) Abstract: A Z-fold convertible soft top (10) having
only two side rails (210, 220) with an independent header
element (310) for a motor vehicle (40) is provided. The ve-
hicle can have a body (100) with a passenger compartment
(42) and a storage compartment (44) located behind the
passenger compartment. The Z-fold convertible soft top
can have a header element, a front side rail and a rear side
rail. The header element can be pivotally coupled to the
front side rail, the front side rail can be pivotally coupled
to the rear side rail, and the rear side rail can be pivotally
coupled to the body of the vehicle.
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Z-FOLD CONVERTIBLE TOP WITH TWO PIECE SIDE RAIL

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims priority of United States Provisional Patent Application
Serial No. 61/159,652 filed March 12, 2009, which is incorporated herein by reference.

FIELD OF THE INVENTION
[0002] The present invention is related to a Z-fold convertible soft top. In particular, the
present invention is related to a Z-fold convertible soft top having only two side rails and an

independent header element.

BACKGROUND OF THE INVENTION

[0003] Convertible tops for motor vehicles that fold into a Z-fold configuration when in a
stored position are known. Such a position can result in a front header element being stored in
an upright position with one or more side rails that connect the header element to a body of a
vehicle being stored in an inverted position. The term “upright position” refers to an element
that has the same general orientation in the stored position as it has when in the extended
position. The term “inverted position” refers to an element that has a generally 180 degrees
opposite orientation in the stored position as it has in the extended position. The use of Z-fold
convertible tops can result in a relatively compact package of the top when it is in the stored
position and thus provides for efficient use of space.

[0004] Heretofore Z-fold convertible tops have required at least three side rails with a side
rail defined as a component of the top that holds a seal that is operable to seal at least part of the
top to a side window of the vehicle. Typically, a side rail includes a longitudinally oriented
member extending along a length of the vehicle when the top is in the extended position;
however, a side rail can also include a portion of a header element that holds a vehicle-length-
wise oriented seal. If the side rail is a longitudinally oriented member, the member requires
linkage that pivotally couples it to the header element, an adjacent side rail, a balance link, a
drive link, and/or the vehicle body, and the like. As such, the greater the number of side rails,
the more complex and space inefficient the convertible top. As such, a Z-fold convertible top
having only two side rails would provide a more space efficient and less complex convertible

top. Such a convertible top would be desirable and have fewer seal joints.
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SUMMARY OF THE INVENTION
[0005] A Z-fold convertible soft top having only two side rails with an independent header
element is provided. A motor vehicle with the Z-fold convertible top is also provided. The
vehicle can have a body with a passenger compartment and a storage compartment located
behind the passenger compartment. The Z-fold convertible soft top can have a header element, a
side rail and a rear side rail.
[0006] The header element can be pivotally coupled to the front side rail, the front side rail
can be pivotally coupled to the rear side rail, and the rear side rail can be pivotally coupled to the
body of the vehicle. For the purposes of the present invention, the term “pivotally coupled” can
include direct pivotal coupling between two components, or in the alternative, indirect pivotal
coupling between two components, i.e. two components that pivot relative to each and yet are
coupled to each other via at least one intermediate link.
[0007] A fabric cover can be attached to the header element and the header element, front
side rail and rear side rail can have an extended position in which the fabric extends at least
partially over the passenger compartment of the vehicle. In addition, the header element, front
side rail and rear side rail can have a storage position in which the header element, front side rail
and rear side rail are folded into a Z-fold configuration and can be stored in the storage
compartment of the vehicle.
[0008] The Z-fold convertible soft top can include a balance link that is pivotally coupled to
the vehicle body and a front side rail drive link or a front side rail balance link. In addition, an
actuator can be pivotally coupled to the vehicle body and the balance link, or in the alternative,
the actuator can be pivotally coupled to the vehicle body and the rear side rail.
[0009] As stated above, a front side rail drive link and front side rail balance link can also be
included. The front side rail drive link can be pivotally coupled to the front side rail and the rear
side rail, and the front side rail balance link can be pivotally coupled to the rear side rail and the
front side rail. In addition, the front side rail, rear side rail, front side rail drive link and front
side rail balance link can form a four-bar linkage, and the vehicle body, rear side rail, balance
link and front side rail drive link can also form a four-bar linkage.
[0010] In some instances, a first scissors link extending from the front side rail balance link
and affording for the front side rail balance link to be pivotally couple to the front side rail and
the front side rail drive link can be included. The first scissors link can have a first member and
a second member with the first side rail balance link pivotally coupled to the first member, the

second member and/or to a pivot axis about which the first member and the second member are
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pivotally coupled to each other. In some instances, the first member is pivotally coupled to the
first side rail and either the first side rail balance link or the second member, while the second
member is pivotally coupled to the first side rail drive link and either the first side rail balance
link or the first member. In addition, the first member, second member, front side rail and front
side rail drive link can form a four-bar linkage.

[0011] The Z-fold convertible top can also include a header element drive link that is
pivotally coupled to the header element. The header element drive can also be pivotally coupled
to the front side rail drive link and/or front side rail balance link. The front side rail, header
element, header element drive link and either the front side rail drive link or the front side rail
balance link can form a four-bar linkage.

[0012] In some instances, a second scissors link extending from the header element drive
link and affording for the header element drive link to be pivotally couple to the header element
and the front side rail can be included. The second scissors link can have a first member and a
second member with the header element drive link pivotally coupled to the first member, the
second member and/or to a pivot axis about which the first member and the second member are
pivotally coupled to each other. In some instances, the first member is pivotally coupled to the
header element and either the header element drive link or the second member, while the second
member is pivotally coupled to the first side rail and either the header element drive link or the
first member. In addition, the first member, second member, header element and front side rail

can form a four-bar linkage.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] Figures 1A-1E are outer side view illustrations of a Z-fold convertible soft top
according to an embodiment of the present invention in an extended position (1A-1B), partially

extended or retracted positions (1C-1D) and a retracted position (1E);

[0014] Figure 2 is an enlarged outer side view of the embodiment shown in Figures 1A-1E;
[0015] Figure 3 is an inner perspective view of the embodiment shown in Figure 1C;
[0016] Figure 4 is an inner side view of the embodiment shown in Figure 1B;

[0017] Figure 5 is a side view of another embodiment of the present invention; and

[0018] Figure 6 is an enlarged side view of the embodiment shown in Figure 5.



10

15

20

25

30

WO 2010/105037 PCT/US2010/026955

4

DETAILED DESCRIPTION OF THE INVENTION
[0019] The present invention discloses a Z-fold convertible soft top having only two side
rails with an independent header element. The invention also discloses a motor vehicle with the
Z-fold convertible top. As such, the invention has utility as a component for a motor vehicle.
[0020] A Z-fold convertible soft top having only two side rails with an independent header
element is provided. For the purposes of the present invention, the term side rail is defined as an
element or member of the convertible top that holds a seal that is operable to seal at least part of
the convertible top to a side window of the vehicle. A motor vehicle with the Z-fold convertible
top is also provided. The vehicle can have a body with a passenger compartment and a storage
compartment located behind the passenger compartment.
[0021] The Z-fold convertible soft top can have a header element, a pair of front side rails
and a pair of rear side rails. It is appreciated that the soft top can be symmetrical about a
longitudinal axis of the vehicle, and as such, only a single front side rail and a single rear side
will be discussed hereafter -- with the knowledge that a generally symmetric front side rail and
rear side rail can be included.
[0022] The header element can be pivotally coupled to the front side rail, the front side rail
can be pivotally coupled to the rear side rail, and the rear side rail can be pivotally coupled to the
body of the vehicle. It is appreciated that the term pivotally coupled includes indirect pivotally
coupled and direct pivotally coupled. For example and for illustrative purposes only, the rear
side rail can be directly pivotally coupled to the vehicle body about a common pivot axis, or in
the alternative, be indirectly pivotally coupled to the vehicle body through an elongated member
that is directly coupled to the vehicle body about a first pivot axis and directly coupled to the rear
side rail about a second pivot axis.
[0023] A fabric cover can be attached to the header element and the header element, front
side rail and rear side rail can have an extended position in which the fabric extends at least
partially over the passenger compartment of the vehicle. In addition, the header element, front
side rail and rear side rail can have a storage position in which the header element, front side rail
and rear side rail are folded into a Z-fold configuration and can be stored in the storage
compartment of the vehicle.
[0024] The Z-fold convertible soft top can include a balance link that is pivotally coupled to
the vehicle body and a front side rail drive link or a front side rail balance link. In addition, an
actuator can be pivotally coupled to the vehicle body and the balance link, or in the alternative,

the actuator can be pivotally coupled to the vehicle body and the rear side rail, or any other
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component of the soft top, such that movement of the top from an extended position where the
top at least partially covers the passenger compartment to a retracted position where the top is
located at least partially within the storage compartment is afforded by the actuator.

[0025] As stated above, a front side rail drive link and front side rail balance link can also be
included. The front side rail drive link can be pivotally coupled to the front side rail and the rear
side rail, and the front side rail balance link can be pivotally coupled to the rear side rail and the
front side rail. In addition, the front side rail, rear side rail, front side rail drive link and front
side rail balance link can form a four-bar linkage, and the vehicle body, rear side rail, balance
link and front side rail drive link can also form a four-bar linkage.

[0026] In some instances, a first scissors link extending from the front side rail balance link
and affording for the front side rail balance link to be pivotally couple to the front side rail and
the front side rail drive link can be included. The first scissors link can have a first member and
a second member with the first side rail balance link pivotally coupled to the first member, the
second member and/or to a pivot axis about which the first member and the second member are
pivotally coupled to each other. In some instances, the first member is pivotally coupled to the
first side rail and either the first side rail balance link or the second member, while the second
member is pivotally coupled to the first side rail drive link and either the first side rail balance
link or the first member. In addition, the first member, second member, front side rail and front
side rail drive link can form a four-bar linkage.

[0027] The Z-fold convertible top can also include a header element drive link that is
pivotally coupled to the header element. The header element drive can also be pivotally coupled
to the front side rail drive link and/or front side rail balance link. The front side rail, header
element, header element drive link and either the front side rail drive link or the front side rail
balance link can form a four-bar linkage.

[0028] In some instances, a second scissors link extending from the header element drive
link and affording for the header element drive link to be pivotally couple to the header element
and the front side rail can be included. The second scissors link can have a first member and a
second member with the header element drive link pivotally coupled to the first member, the
second member and/or to a pivot axis about which the first member and the second member are
pivotally coupled to each other. In some instances, the first member is pivotally coupled to the
header element and either the header element drive link or the second member, while the second

member is pivotally coupled to the first side rail and either the header element drive link or the
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first member. In addition, the first member, second member, header element and front side rail
can form a four-bar linkage.

[0029] Turning now to Figures 1A-1E, an embodiment of a Z-fold convertible soft top is
shown generally at reference numeral 10. It is appreciated that only a portion of the top 10 is
shown in the figures and that a generally symmetrical half is not shown. However, the teaching
and disclosure of the top 10 can be fully realized by the figures and their accompanied
explanation.

[0030] The top 10 can include a front side rail 210 and a rear side rail 220. In addition, a
header element 310 can be pivotally coupled to the front side rail 210. As shown in Figures
1A-1E, the Z-fold convertible soft top 10 is operable to move between an extended position as
shown in Figures 1A-1B to a stored position as shown in Figure 1E, and vice versa. It is
appreciated that when the top 10 is in the extended position it can extend over and cover a
passenger compartment 42 of a vehicle 40 and when the top 10 is in the stored position it can be
stored in a storage compartment 44 of the vehicle 40. It is further appreciated that the header
element 310 can have an upright orientation in the stored position while the front side rail 210
and the rear side rail 220 have an inverted orientation in the stored position.

[0031] Turning now to Figures 2-4, an enlarged view of the convertible soft top 10 is
shown. The vehicle 40 can have a body 100 that supports the convertible top 10 and the rear
side rail 220 can have a first end 222 and a second end 224 with the second end 224 pivotally
coupled to the vehicle body 100 about a pivot axis 225. In addition, a balance link 260 can be
included and have a first end 262 and a second end 264, with the second end 264 pivotally
coupled to the body 100 about a pivot axis 265.

[0032] Pivotally coupled to the balance link 260 can be an actuator 110, the actuator 110
having a first end 112 pivotally coupled to the balance link 260 about a pivot axis 113 and a
second end 114 pivotally coupled to the vehicle body 100 about a pivot axis 115. In this manner,
an actuator can be used to move or drive the balance link 260.

[0033] A front side rail drive link 230 can have a first end 232 and a second end 234, the
first end 232 being pivotally coupled to the front side rail 210 about a pivot axis 233. Likewise,
the second end 234 can be pivotally coupled to the rear side rail 220 about a pivot axis 235. In
some instances, the front side rail 210 and/or the rear side rail 220 can have one or more brackets
216 and/or 226, respectively, to which linkage can be attached thereto. In the alternative, the

linkage can be attached directly to the front side rail 210 and/or the rear side rail 220. It is
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appreciated that the brackets 216 and/or 226 can be rigidly and/or fixedly attached to the side
rails.

[0034] As part of the pivotal coupling of the front side rail 210 to the rear side rail 220, a
front side rail balance link 240 can be included. The front side rail balance link 240 can have a
first end 242 and a second end 244, the first end 242 being pivotally coupled to the front side rail
210 about a pivot axis 243. In addition, the second end 244 can be pivotally coupled to the rear
side rail 220 about a pivot axis 245. As shown particularly in Figure 2, the front side rail drive
link 230, the front side rail balance link 240, the front side rail 210 and the rear side rail 220 can
form a four-bar linkage that affords for controlled movement of the front side rail 210 with
respect to the rear side rail 220. In addition and as illustrated in Figures 2-4, the balance link
260, the front side rail drive link 230, the rear side rail 220 and the vehicle body 100 can provide
a four-bar linkage that affords for controlled movement of the rear side rail 220 with respect to
the vehicle body 100.

[0035] Looking particularly at the header element 310, a header element drive link 250 can
be included and have a first end 252 and a second end 254. The first end 252 can be pivotally
coupled to the header element 310 about a pivot axis 253 and the second end 254 can be
pivotally coupled to the front side rail drive link 230 about a pivot axis 255. The header element
310 can also be pivotally coupled to the front side rail 210 about a pivot axis 212. In this
manner, the front side rail 210, the header element 310, the header element drive link 250 and
the front side rail drive link 230 can form a four-bar linkage that affords for controlled
movement of the header element 310 with respect to the front side rail 210. It is appreciated that
with the four-bar linkages, the actuator 110 can move or drive the top 10 in a controlled manner.
In addition, the actuator 110 can be any type of actuator known to those skilled in the art,
illustratively including a hydraulic actuator as shown in the figures, an electric motor actuator, a
magnetic actuator, a gear driven actuator and the like.

[0036] In addition to the header element 310, the front side rail 210 and the rear side rail
220, the convertible soft top 10 naturally has one or more bows. For example and for illustrative
purposes only, the convertible soft top 10 can have a first bow 320 that is attached to the front
side rail 210. In addition, the rear side rail 220 can have a second bow 330, a third bow 340
and/or a corner bow 350 attached thereto. In some instances, the corner bow 350 can have an
end 352 that is pivotally attached to the rear side rail 220 about a pivot axis 353. In addition, a
tension bow 360 can be pivotally attached to the rear side rail 220 about a pivot axis 363.

Located between the corner bow 350 and the tension bow 360 can be a backlight 370. Although
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not shown in the figures, it is appreciated that a fabric cover can extend from the header element
310 over the one or more bows to the tension bow 360 in order to provide a convertible soft top
for a motor vehicle. It is further appreciated that with the pivotal coupling of the header element
310 to the front side rail 210, a Z-fold convertible top with only two side rails and an
independent header element is provided. As such, a less complex and relatively space efficient
convertible soft top is provided for a motor vehicle.

[0037] Another embodiment 20 of the present invention is shown in Figures 5 and 6. The
embodiment 20 can include a first scissors link 420 and/or a second scissors link 440. It is
appreciated that the first scissors link 420 and/or the second scissors link 440 can improve the
quality of motion for the Z-fold convertible soft top. In particular, the first scissors link 420
and/or the second scissors link 440 can increase a moment arm during raising and/or lowering of
the Z-fold convertible top 20 and reduce acceleration of the convertible top 20 at both ends of
movement provided by the actuator 110. As shown in Figure 5, the Z-fold convertible soft top
20 can include a front side rail 210’, a rear side rail 220’, a front side rail drive link 230’, a front
side rail balance link 240’, a header element drive link 250’ and a header element 310'. It is
appreciated that the components indicated by the prime reference numerals may or may not have
the same dimensions, be made from the same material and the like as the components illustrated
by the non-prime reference numbers in Figures 1-4.

[0038] Turning to Figure 6, an enlarged view of the first scissors link 420 and second
scissors link 440 is shown. The first scissors link 420 can have a first member 424 and a second
member 428. The first member 424 can have a first end 423 that is pivotally coupled to the front
side rail balance link 240" about a pivot axis 243’. The first member 424 can also have a second
end 425 that is pivotally coupled to the front side rail 210" about a pivot axis 422. Likewise, the
second member 428 can have a first end 427 that is pivotally coupled to the front side rail
balance link 240" about the pivot axis 243". A second end 424 of the second member 428 can be
pivotally coupled to the front side rail drive link 230" about a pivot axis 426. In some instances,
the first member 424, second member 428, the front side rail drive link 230’ and the front side
rail 210’ can form a four-bar linkage as illustrated in Figure 6.

[0039] The second scissors link 440 can have a first member 444 and a second member 448.
The first member 444 can have a first end 443 that is pivotally coupled to the header element
drive link 250" about a pivot axis 253'. The first member 444 can also have a second end 445
that is pivotally coupled to the header element 310" about a pivot axis 446. Similarly, the second
member 448 can have a first end 447 pivotally coupled to the header element drive link 250’
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about the pivot axis 253’ and a second end 449 pivotally coupled to 210" about a pivot axis 442.
In addition, the first member 444, second member 448, the front side rail 210’ and the header
element 310’ can form a four-bar linkage.

[0040] In the alternative to the above, the first end 443 of the first member 444 can be
pivotally coupled to the second member 448 about a pivot axis 441. In such an instance, the first
member 444 and the second member 448 do not have a common pivot axis with respect to the
header element drive link 250", It is appreciated that the same could be true for the first scissors
link 420 and the first member 424, second member 428 and front side rail balance link 240’
[0041] In this manner, the first scissors link 420 and/or the second link scissors link 440 can
provide pivotal coupling between the front side rail balance link 240" and the front side rail 210’
and/or the header element drive link 250" and the header element 310".

[0042] The foregoing drawings, discussion and description are illustrative of specific
embodiments of the present invention, but they are not meant to be limitations upon the practice
thereof. Numerous modifications and variations of the invention will be readily apparent to
those of skill in the art in view of the teaching presented herein. As such, the specification and
the claims that follow should be interpreted broadly.

[0043] I claim:
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CLAIMS

1. A Z-fold convertible soft top having only two side rails with an independent
header element for a vehicle, the vehicle having a body with a passenger compartment and a
storage compartment located behind the passenger compartment, said convertible soft top
comprising:

a header element, a front side rail and a rear side rail;

said header element pivotally coupled to said front side rail, said front side rail pivotally
coupled to said rear side rail and said rear side rail pivotally coupled to the body of the vehicle;

a fabric cover attached to said header element;

said header element, said front side rail and said rear side rail having an extended
position whereby said fabric extends at least partially over the passenger compartment and a
storage position whereby said header element, front side rail and rear side rail fold into a Z-fold

configuration.

2. The Z-fold convertible top of claim 1, further comprising a balance link and an

actuator, said actuator pivotally coupled to the vehicle body and said balance link.

3. The Z-fold convertible top of claim 2, further comprising a front side rail drive

link pivotally coupled to said front side rail and said rear side rail.

4. The Z-fold convertible top of claim 3, further comprising a front side rail balance

link pivotally coupled to said rear side rail and said front side rail.

5. The Z-fold convertible top of claim 4, wherein said front side rail, said rear side

rail, said front side rail drive link and said front side rail balance link form a four-bar linkage.

8. The Z-fold convertible top of claim 6, further comprising a first scissors link,
wherein said front side rail balance link is pivotally coupled to said front side rail and said front

side rail drive link.

9. The Z-fold convertible top of claim 1, further comprising a header element drive
link pivotally coupled to said header element and at least one of said front side rail drive link and

said front side rail balance link.
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10. The Z-fold convertible top of claim 9, wherein said front side rail, said header
element, said header element drive link and at least one of said front side rail drive link and said

front side rail balance link form a four-bar linkage.

11. The Z-fold convertible top of claim 9, further comprising a second scissors link,
wherein said header element drive link is pivotally coupled to said header element and said front

side rail.

12. A Z-fold convertible soft top having only two side rails with an independent
header element comprising:

a vehicle having a body with a passenger compartment and a storage compartment
located behind said passenger compartment;

a header element, a front side rail and a rear side rail;

said header element pivotally coupled to said front side rail, said front side rail pivotally
coupled to said rear side rail and said rear side rail pivotally coupled to said body of said vehicle;

a front side rail drive link pivotally coupled to said front side rail and said rear side rail
and a front side rail balance link pivotally coupled to said rear side rail and said front side rail;

a balance link pivotally coupled to said body and at least one of said front side rail drive
link and said front side rail balance link;

an actuator pivotally coupled to said body and said balance link; and

a fabric cover attached to said header element;

said header element, said front side rail and said rear side rail having an extended
position whereby said fabric extends at least partially over said passenger compartment and a
storage position whereby said header element, said front side rail and said rear side rail fold into

a Z-fold configuration.

13. The Z-fold convertible top of claim 12, wherein said front side rail, said rear side

rail, said front side rail drive link and said front side rail balance link form a four-bar linkage.

14. The Z-fold convertible top of claim 13, further comprising a first scissors link and
a second scissors link, wherein said front side rail balance link is pivotally coupled to said front

side rail and said front side rail drive link via said first scissors link, and said header element
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drive link is pivotally coupled to said header element and said front side rail via said second

scissors link.

15. The Z-fold convertible top of claim 14, wherein said first scissors link has a first
member and a second member, said first member pivotally coupled to said front side rail and at
least one of said front side rail balance link and said second member, and said second member
pivotally coupled to said front side rail drive link and at least one of said front side rail balance

link and said first member.

16. The Z-fold convertible top of claim 14, wherein said second scissors link has a
first member and a second member, said first member pivotally coupled to said header element
and at least one of said header element drive link and said second member, and said second
member pivotally coupled to said front side rail and at least one of said header element drive link

and said first member.

17. A Z-fold convertible soft top for a motor vehicle having only two side rails with
an independent header element comprising:

a front side rail with a side seal operable to seal at least a portion of said front side rail to
at least a portion of a side window of the motor vehicle;

a rear side rail with a side seal operable to seal at least a portion of said rear side rail to at
least a portion of a side window of the motor vehicle;

a non-side seal header element pivotally coupled to said front side rail, said non-side seal

header element having a stored upright position.

18. A Z-fold convertible soft top having two side rails with an independent header
element comprising:

a header element, a front side rail and a rear side rail;

said header element pivotally coupled to said front side rail via a first scissors link, said
front side rail pivotally coupled to said rear side rail via a second scissors link and said rear side
rail pivotally coupled to the body of the vehicle; and

a fabric cover attached to said header element;

said header element, said front side rail and said rear side rail having an extended

position whereby said fabric extends at least partially over the passenger compartment and a
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storage position whereby said header element, front side rail and rear side rail fold into a Z-fold
configuration;

said first scissors link and said second scissors link providing improved quality of motion
for the Z-fold convertible soft top by at least one of increasing a moment arm during raising and
lowering of the Z-fold convertible top and reducing acceleration at both ends of movement of the

Z-fold convertible top.
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