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(57) Abstract: Examples of drag reduction apparatuses and assemblies
for land vehicles, and particularly for attachment to a door of a land
vehicle operated by a cam lock bar, are described. A drag reduction ap-
paratus may include a plurality of panels foldedly coupled together and
automatically deployable into an unfolded configuration. The panels
may be coupled to a base panel that is coupled to the door of the land
vehicle by a double-hinge mechanism operated by the cam lock bar.
The double-hinge mechanism may draw the base panel toward the
centerline of the rear of the land vehicle to allow the door to fully open
with the drag reduction apparatus attached. The apparatus may be at-
tached to two adjacent doors ot a land vehicle and a plurality of panels
on one door configured to overlap with a plurality of panels on the ad-
jacent door.
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SELF-DEPLOYING APPARATUSES, ASSEMBLIES, AND METHODS FOR
DRAG REDUCTION OF LAND VERICLES

CROSS-REFERENCE TO RELATED APPLICATION(S)

{001} This application claims the bavefit of ULS, Provisional Patent Application Serial
No, 617840393, fited June 27, 2013, which provisional appheation is incorporated

herem by this reference in ds entirety for sy purpose.

TECHNICAL TIELD

jo02) This present disclosure relates to methods and devices for drag reduction of land

vehicles, such as trucks, tractor frailers and sinular vehicles.

BACKGROUND

1003} The present disclosure relates to drag reduction for land vehicles, such as tracks,
tractor-tranfer rigs, buses, recreational vehicles and the like. Drag generated by a
vehicle may be proportional to the surface grea of the velucle, and such larger land
vehicles may be particularly coucerned with reducing drag m order o reduce fuel
consumption,  While cerlamn drag reduction devices fov land vehicles are known,
devices of thiy kind may have fmutations and may not be swited for all applications.
For example, known drag reduction devices are typically designed to attach to the
frante of a truck cargo doot. As such, the drag reduction device must be pulled to the
side of the truck body andfor swung open in order to access the cargo door. This may
he cumbersome as # may add extra steps hefore an operator can reach the cargo. This
may be particularly disadvantageous for freight or other shipping operators who may be
operating under tight schedules. Alternate andfor improved devices for drag reduction

may be desirable.

SUMMARY OF THE INVENTION

jond] Examples of apparatuses, sysiems mnd methods for drag reduction of land

vehicles, such as trucks, tractor trailers and simsilar vehicles, are descnibed, including
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examples of drag reduction apparatas for attachment to a roll-ap door of a land vehicle.
An apparatus according to examples of the disclosore may inclade g plorglity of pasels
mnchuading a pair of top panels, 3 pair of bottomn panels, first and second side panels, and
a plorality of transition pansis connecting the top, bottom, and side panels, the plurality
of panels may be foldably coupled 1o allow the panels to be provided between a folded
conflguration in which the panels may be {Iat against each other and a deploved
configuration in which the panels may define a cavity therebetwesn, wherein the pair of
top panels may be configared to transition between the folded configuration and the
deploved configuration simulaneously and the pair of bottom panels may be
configared to ftransttion between the folded configuration and the deployed
configaration simultaneously, and an attachment mechanism disposed along an edge of
the iop, botiom, and side panels which may be conligured o foldably couple the edges
of the panels to a swiace of 8 land vehicle. The apparatus may further include a paiv of
base panels, wherein the pair of top panels and the fivst and second side panels may be
hingedly coupled to the pair of base panels around a penmaeter of the cavity, and the
bottom panels may be hingedly coupled to the pawr of base panels nudway along a
length of the base panels, wherain the panels are flat against each other agamst & front
surface of the base panels v the folded configuration. The base panels may mclude
attachment mechanisms disposed on back surfaces of the base panels opposite the fromt
surfaces of the base panels, the attachment mechanisms may be configured to lnngedly
attach the base panels to the surface. The attachment mechamsims may be configured
to draw ihe base papels toward a cemterlime of the swrface when achivated.  The
attachment mechmusms may be activated by rotating a bar that nwy be coupled to the
attachment mechanisms.

{005 An apparatus for redecing drag according to examples of the disclosure may
mcknde a frst and a second top panel, a first and a second bottom panel, a first and a
secound side panel, a first plurality of transition panels that may comect the first top,
buottom, and side panels, the frst phurality of panels may be foldably coupled, a second
plurality of transition panels may comect the second top, bottom, and side panels, the
second plurality of panels may be loldably coupled, wherein the first and second
plurality of panels may allow the panels (o be provided between a [olded configuration

m which the panels may be flat against each other and a deploved configuration m
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which the pavels may define o cavity therebetween, a first asttachment mechanism
disposed along an edge of the first top, bottom, and side pavels which may be
configured to foldably couple the adges of the pavels 1o a first base panel, and a second
attachment mechanism disposed along an edge of the second top, bottom, and side
panels which may be configured to foldably couple the edpes of the panels o a second
base panel. wherein the second base papel may be adjacert to the first base panel,
wherein the first and second base panels may be configured to be attached to a rear
surface of a fand vehicle.

[006] A svsiem for drag reduction according to examples of the disclosure may
inctude a first door and a second door of a land vehicle, the first and second doors may
each inchade an edge hingedly coupled o a doorway of the land vehicle, wherein the
first and second doors may be adjacent; the lirst and second doors may each include a
cam lock bar, and an apparatus that may comprise a plurality of panels, the apparatus
may be coupled o the first and second doors, wherein the apparatus may be coupled in
a manner configured to allow the first and second doors 1o open and close while the

apparatus is attached.

BRIEF DESCRIPTION OF THE DRAWINGS

a7} The foregoing and other features of the present disclosure will become more
fully apparent from the following description and appended claims, taken m
conjunction with the accompanving drawings. Understanding that these drawings
depict only several examples I accordance with the disclosure and are, therefore, not
1o be considerad Himiting of #s scope, the disclosure will be described with additional
specificity and detail wough use of the accompanying drawings, in which:

[O08] FIG. 1 shows an exemplary apparatus according 1o the present disclosure, the
apparatus shown attached © a door of 8 truck and in a deployed configuration.

089§ FIG. 2 shows an example accovding to the presenmt disclosure, including an
apparatus atlached to a door of a fruck, the apparatus shown during o folded or
undeploved configuration.

{016 FIG. 3 shows a further example according to the present disclosure, including
close-up or partial view of an apparatus attached to a truck door and the truck door

being operated into an open or partially open position.
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011} FIG. 4 shows g partial view of an appavatus according to the present disclosure
as perceived from the bottom looking upward and illustrating an over-center hrace
member for a top panel of the apparatus.

{012} FIGS. 3A-B show an illustratton of a double-hinge attachment method
according to examples herein.

{013} FIGS. 6A-C show an example of a double-hinge mechamsm according

examplies of the present disclosare.

DETAILED DESCRIPTION

{014} in the following detaled description, reference 1 made to the accompanying
drawings, which form a part hereof. n the drawings, stnnlar symbols typically idewify
similar components, unless context dictates otherwise,  The illustrative examples
described in the detatled description and drawings are not meant to be Hmiting., Other
examples may be atilized, and other changes may be made, without departing from the
spirit or scope of the subject matter presented herein. It will be readily understood that
the aspects of the present disclosure, as generally described herein, and iHlustrated in the
Figures, can be arranged, substitwted. combined. separated, and designed i a wide
vartety of different configurations, all of which are implicidy contemplated.

{15 The present disclosure relates to apparatuses and method for drag reduction of

land vehicles. Land vehicles include, but are not linited {0, trucks and tractor trailers.

Drag reduction apparatuses according to the present disclosure may be confligured to be

self-deploving.  The apparatus may be configured 1o expand to its unfolded {e.g

deployed state, for example, 3s shown i FIG. 1) due o a low pressure region

developing around andior at the rear end of the vehicle, which may oceur as the vehicle
mereases its speed. Suction or 1t force may be generated and applied to the panels of
the apparatus as a result of 8 lower pressure around andfor in the wake of the velucle as
conparad to immediately behind the vehicle. Sufficient hft force to deploy the
appatatus may occwr when the vehivle reaches a threshold wvelocity.,  In some
egmbodiments, the threshold velocity may be between 33-45 miles per hour,  The
appargtus may be configured to have a higher or lower threshold velocity for
deplovment. Examples of drag reducing devices described herein may be referred to as

a “ventilated cavity” type device, owing to the wechanism of deployment being hft
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force generated by a lower pressure region.  However, the theory behind the
mechanism of deplovment is provided here by way of explanation, and 15 not intended
o be limiting,

{016} Apparatuses according to the present discloswre may inchude a phaslity of rigid
or semi-nigid panels which may be foldedly or hingedly coupled weether, cg., for
allowing the panels © be automatically moved hetween a first (ep., folded or
undeployed} configuration and a second {e.g., vnfolded or deployed) confipuration on
attaiming a threshold speed of the velicle to whach the apparatos is attached.

{017} FIG. 1 illostrates an example apparatns 100 in the deployed configuration
according o an embodiment of the disclosure. The apparstus 100 is iflustrated
mstalled on a truck trailer 10 with two adjacent hingedly attached doors 12A-B. Each
door 124-B mcludes a cam lock 14A-B coupled to 2 cam bar 16A-B for opening,
closing, and securing the doors 12A-B. The apparatus 100 may be attached o doors
having different confipurations than the configuration iHusirsted i FIG. 1. The
apparatos for drag reduction 100 may mclude a plurality of panels, inclading a pair of
top panels 102A-B, a pair of bottom panels 112A-B, and first and second side panels
106A-B. The first and second side pangds may also be referred to as driver-side 106A
and corb-side 1068 panels, although # 18 to be understood that the designation of
“driver-side”™ and “corb-side™ may change depending on the configuration of the
velucle and requirements for positiomng the dover side to meet local laws or
regulations. The apparatus may alse imnclude a plurality of wransition pansls 104A-B,
IONA-B connecting the top, bottom and side panels. The combined lop 102A-B,
combined bottom HI2A-B and each of the side 106A-B panels may be generally
rectangular or shghtly waperoidal in shape. The ususition panels 104A-8, 108A-B
may be generally iniangular and may be disposed such that they bridee the gaps
between the top, bottom, andfor side panels. Other geometries may be possible without
departing from the principles of the invention,

{B18] The pluratity of panels mav be folded accordmg to any number of {olding
conflgurations. In an example embodiment of the discloswe dlustrated w FIG. 2, the
top panels 102A-B may fold on top of the side panels 106A-B and be the outermost
panels when the apparatus 100 is in the folded confipuration. In other embodiments,

the side panels 106A-B may be the top most or outer most panels in the folded
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configuration, with the top 102A-B and/or bottom panels 11 2A-B disposed between the
side panels 106A-B and the door 12A-8. In the deploved configuration, the apparatus
100 may define a cavity 12{ between at the panels. For exanple, gs shown m FIG. 1 a
generally rectangular or slightly fapered rectangalar cavity 120 may be defined batween
the top 102ZA-B, bottom 112A-B, and at least portions of the side 106A-B panels, which
may provide asrodynamic advantages as may be appraciated by those skilled in the an.
Depending on the folding configurations, the top 2A-B, bottom 11248, andior side
H1I6A-B panels may combine with adjacent transition panels 104A-B, 108A-B to form
generally rectangular or shightly trapezoidal panel sections along vertical and horizontal
axis when unfolded to define the cavity 120 therebetween. The panels may be shaped
andfor sized so as to achieve a desired shape at the tail end of the vehicle, which may
be selected for optimal or improved drag reduction.

{019} The panels may be made of a lghtwelght material, such as a polymer or
composite.  In some examples, one of more of the panels may be made frony sheat
metal, fiber board, or other semi-rignd or rigid structures or materials. The panels may
be configured such that they maintain theiv shape without any substantial flex or sag
while iy the deploved configuration. In some examples, the panels may be formed
using a fiber reinforced polvpropylene or polvethylene (FRPY material and may have a
thickness of about 0.05 o about .24 nches. The panels may generally have any
thickness which can be accommodated between the cargo door and the side of the
vehicle when the door is secured/stowed in an open position {sge e.g., FIG. 3} In some
examples, the panels may be made of foam which may be lapunated on one or both
sides, The foam may be polyethviens foam, and in examples, # may be laminated (e.g.
faced) using oneg or muwe lavers for improved durability of the panels andior for
preventing dantage 1o the cove, such as by preventing intrusion of pollgants mito the
foam core. While not meant to be hnuting, in some examples, the outer layers may be
made of substantially any polymenic material, for example nylon, pelyester, mylar, or
any other of a varety of durable polymeric materials. In some exaaples, the outer
layvers may be provided as a film or a woven laver of polymer or avanud fibers. Other
materials may be used for the outer lavers andior core. In some examples, the panels
may be mylar or nvlon faced foam insulation panels may be up to about .25 inch

thick, or m some examples, may have a thickness of up to about 0.5 mches. Other
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thicknesses may be used. The panels, and depending on the matenals selected, may
have a dilferent thickness, and the examples described hevein are provided for
tHustration purposes and are not to be taken i a Hmiting sense, Generally, any foam or
other senm-rigid material may be used {0 provide a desivad level of ngidity while being
sufficrently hehtweight for celf-deplovment. Generally, the panels may be made from
any material that s sufficiently stiff or rigid to maintain their shape in the deploved
slate.

{020} Referring back 1o FIG. 1, in some examples, the apparatus mayv inclode g pan of
base panels IGA-B (also referred to as back cover panels), which may lie generally
parallel to the door 12A-B of the truck. The base panels 116A-B may be in direct
contact with the door 12A-B, or i some examples, the base panels 116A-B may be

spaced apart from the sarface of the door, as will be further described, e.g., 1o provide

=

o~

clearance for operation of the cam lock bar of the tuck door. Morgover, the base
panels 116A-B may be hingedly attached o the door, for example, using 2 double-
hinge mechamism ot shown 1 FIG. 1) as will be desoribed with refevence to FIGS. 5-
6. The double-hinge mechanism may [cilitate lateral movement of the base panels
116A-B during opening and closing of the door 12A-B, eg to avoid frapping or
pinching the base panels 116A-B at the door hinge bite.  As will be understood, the
wuck door 12A-B may swing approximately 270 degrees.  Because the base panels

116A-B may extend all the way to the edge of the door {e.g., to the door hinges). it may

be desirable for the base panels 116A-B {o be movable towards centerline {e.y.. edges
of the doors opposite the door hinges) when the door 12A-B rotates to the about 270

degree positon. Maving the base panels 116A-B towards centerhne may prevent the
apparatus 100 from becoming pinched at the door hinge bite.  The double-hings
mechantsin may be biased so that it gutomatically retuens (o the neutral position with
the driver-side/carb-side edges of the apparatus 100 genevally aligned with the driver~
sidefcurb-side edges of the door 12A-B when the door 12A-B is pivoted back to about
AN deoress.  Attachment of the apparates 100 to the door 12A-B wming double-hinge
mechanisms of the kind described beremn oy facilitate m some examples shifting of
the whole apparatus 100 {e.g.. each half of the apparatus 100} towards centerline to
altow full compaction of the apparatus 100 against the side of the tratler 10 and forward

oat of the door hinge bite. Accordingly, examples of drag reduction apparatuses
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described herein may sllow for easier opening and closing of the doors of the land
vehicles to which the apparatuses ave attached.

{021} The peripheral panels (e.g., the top 102A-B, bottom 112A-B, and side panels
106A-B) may be pivotally or hingedly attached 10 the base pansls 116A-B along a
perimeter of the cavity 120 that forms when the panels are deploved. In some
gxanyles, the bottom panelk 112A-B mav be attached along 3 bottom edpe of the

., as shown m FIG. 1 the bottom panels 112A-B

L

apparates 100, In other examples, @
may be attached at an intermediate location alony the vertical axas. For example, the
bottom panels 112A-B may be located midway or slightly below the nudpoint between
the top panels 102A-B and the bottom of the doors 12A-B. The apparatus may include
any number of retention mechanisms 114, which may be configured to hmit the
moevement of some of the panels, e.g., the amount of rotation of any of the peripberal
panels relative to the base panels 1168A-B. For example, one or miwe strings, cords,
humgees, or other suitable tension members may be attached between the base panels
116A-B and any one of the top 102A-B. bottom 112A-B, andfor side panels 106A-B.
One or more retention mechanisms 114 according to the examples heremn may be
attached to any of the peripheral panels. Optionally, retention mechanisms 114 may be
coupled to the bottom panels 1HI2A-B 30 as to prevent the bottom panet 112A-B from
folding upward when deploved, eg., due to low pressuve. Oue or more retention
mechanisms 114 may be included for the side 106A-B and/ov top panels 112A-B. The
retention mechanism 114 {e.g., cord) may be collapsible to allow a peripheral panel to
fold towards the base panels 116A-B. The retention mechanism 114 may have a fixed
length when expanded 1o prevent the peripheral psnel from rotaung beyend a
predetermunad postion {e.g., up to 90 degrees) relalive to the base panels 116A-B.
1224 in some examples, an over-center brace member 1OA-B, which may be made
of metal or a rigid plastic matenial, may be used. As shown o FIG. 1, a pair of over~
center braces LI0A-B may each be attached to an outer surface of one of the base
panels 116A-B and to 3 boitom surface of each of the top panels 102A-B {aoing the
respective base panel 116A-B, The over-center brace member 1104A-B may be self
deployable in that it may be configured to expand due to the lifling force on the panel.
An example of an over-center brace member 110 according (o an embodiment of the

disclosure is shown m more detail in FIG. 4. The brace may inclade an over-center
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mechanism 415 which wrges the over-center brace member 1160 o an expanded
position once deployed, which may be advantageous in preventing premature collapse
of the top panel 102A-B. Une of more over-center braces HUA-B may be included
between any of the peripheral panels and the base papels 116A-B.  In some
embodiments, the over-center brace 110A-B may be configured for providing any of
the peripheral panels in up 1o about 435 degres position relative to the base panels 116A-
B, which may restrict hyper-extension of the panels and may be an aevodvnamucally
desirable position,

1023} Foldable joints, which may also be referred to as hinge joints or living hinges.
may be disposed between each panel to allow the panels to pivol relative to one
another. The foldable joints may be mplemented according 10 any suitable techmque.
For example, the foldable joimt may include one or more layers of flexible material
which is secured (2.1, {fused, heat welded, mechanically fastened, ete.} alony respective
edee portions of adjoining or adjacent panels. The foldable joint may be configured 16
reduce or muninuze resistance to pivotal motion of the panels. In some instances, the
foldable jomnt may be biased so as to urge ov facilitate pivotal motion in one direction
andior resist rotation i gun opposite divection. The foldable joint may be a multi-laver
stracture {e.g., a two-ply structure) made from elastomeric or other durable Hexible
matertals.  In some examples, hving hinges may be implemented using mechanically
fixed dual durometer extrusions. A gap may remain between the lavers of the foldable
jomt for flex and mininsal resistance to the prvoting/olding action.

f624} The foldable joims may be located between the transition panels 103A-B,
H08A-B and the side panels 106A-B, the top panels 102A-B, and the botiom panels
112A-B. The foldable joints may also be between sude panels 106A-B and the base
pangls 1IOACB, the top panels 12A-B and the base panels 116A-B, and the hottom
panels 112A-B and the base panels 116A-B. The foldable joints may be located at
edges of two or more panels. For example, driver-side side panel 18A may have
sdees 160, 162, 164, and 166, Adjacent transition panel 1944 may have edges 1440,
142, and 144, A foldable jomt 170 may be located al the mierface of edge 160 of side
panel HI6A and edge 140 of transition panel 104A. A jomnt sinnlar to foldable joint 170
may be located slong an edge transition panel 104A and an edge of top panel H02A. A

similar foldable jomt similar to the foldable jomt 178 may be located along an edge of
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transition panel 1084 and an edge of bottom panel 112A. Transition panel HI8A may
have a second foldable joint along a second edge adjacent to a back surface of side
pangl 106A. However, other attachment mechanisms between transition panel 1084
ang the back sutlace of side panel 106A may be used. Similar foldable joints may also
be located along corvesponding panels on the curb-side panels (B).

{1251 Side panel 106A may have a foldable joint 172 slong edge 166 to couple the
side panel 1I6A to an outer edge the base panel 1164, Side panel 106A may also be
hingedly coupled to the outer edge of the base panel 116A.  In an allernstive
embodiment, the side panel 106A may be directly coupled to an edge of the door 12A
along edge 166, Sumilarly, top panel 102A may have a foldable joint along a top edge
of the top panel and a top edge of the base panel 116A to couple the top panel 1024 to
the base panel 116A. Top panel HRA may also be hingedly coupled to the top edge of
the base panel 116A. In an alternative embodiment, the fop pasel 102A may ba divectly
couplad 0 a top edge of the door 12A. Simslar foldable joints or other attachment
mechanisms may also be located along cowesponding panels on the curb-side panels
{B).

026} As shown in FHG. 3, the apparatus 100 may remain attached 1o the tratler 10
door 12B, when opening andior closing the door 2B, mehuding while moving the
handle 148 of the cam lock bar 168 andfor stowing the door 1238 10 a secured open
position. In sonme examples, the apparatus 100 may span most or substantially all of the
surface area of the cargo door 12. The apparatus 100 may be gensrally reclangular in
plan and may be shapedisized such that it covers most or all of the swrface area of the
rear end of the ruck trailer 10, The apparatus 100 may be provided in seime examples
with a cutowt or mdented portion along & bottiom portion of the apparaius 100 such that
the apparatus, when atiached at the back of the truck tratler 10, remains clear of the
handle 14 of the cam lock bar 16.

{027} in some examples, the drag reduction apparatus 100 may be affixed to the back
end of a land vehiele (e.g., a truck) in a manner which does not interfere with operation
of the cargo door of the truck. For example, the drag reduction apparaius 10U may be
attached directly to the cargo door and may have a shape which atlows for the door 12
o be operated {e.g., opened or closed) without removing the apparatus 100 or without

having to first manipelate the apparates 100 {e.g., move the apparatus aside or out of
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the way} i order to access andior open the cargo door 12, For example, as pravioushy
described, the gpparatus 100 may be attached to the door 12 using a double-hinge
mechanism so as © prevent mterference of the panels with operation of the cam lock
bar 16 andior prevent the pangls from becoming pinched andéor damaged by the door
hinge bite. Each base panel 116 may extend between the edge of the door 12 (eg.,
proximate the door binges at the driver-side and aub-side edges) and abowt the
midpoint or centerline of the rear end of the vehicle trailer 1}, where the two doors
meet. As will be understood, the apparates 100 may inclade two separate portions, left
or driver-side portion and right or curb-side portion, and each portion may be secured
o each of the door panels 12ZA-B of a split-type cargo door. In thus manner, each of the
two portions of the apparates 1 may remain attached to each door panel 124-B while
the door is opened and closed (see e.g., FIGS. 3).

{028} The left and nght portions of the apparatus 100 mav adiom andfor overlap at a
seam 118 corresponding 1o the seam or interface of the two cargo doors 12A-B. The
two portions may be configured o engage at the seam 118, eg., 1o offer a nominal
resistance to separation of the two portions during use. As deseribed, the top panel
section includes a left 102A and right 102B top panel sections.  Aservodynamic
advantage {e.g. drag reduction) may be dinunished if only one of the lefl and right
panels deplovs.  Thus, it may be advantageous for the left 102A and vight 102B top
panel sections to remain attached andfor deploy simultaneously.  Similar advantages
may be aclueved by faciltating simultaneous deployment of the bottom left 112A and
bottom vight 1128 panel sections. A mechanism may be provided at the seam 11§,
e.g., along any portions of the edges which overlap, which may resist separation of the
pangls along the seam. For example, magnetic or mechanical engagement mechamsms
may be gsed. Magnetic tape or a phashity of magnetic strips may be provided along at
least a portion of the seam for engagement between the two portions.  Other magnet
shapes may also be used. An example of a magnet placed on the seam 118 of the top
panels 102ZA-B is shown in FIG. 4 In this example, the magnet 420 is attached o the
edge of the right top panel 2B, The magaet 420 extends beyvond the edge of the nght
top panel 1028 to engage with the left top panel 102A. {n other examples, mechanical

attachment {e.g., Velcro) or adhesives (e.g., removable, reusable, pressure-sensitive
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adhesives) may additionally or instead be used. Other suitable attachment techmques
may alse be used.

{029} An overlap at the seamn 118 may faciiitate an enpagement between the two
pottions of the apparatus 106, Furthermore, in some embodiments, additional
mechanisms for maintaining a connection between the two portions of the apparatus
may be provided. In some examples. the panels may be configured such that they over-
lap with corb-side panels over the driver-side panels. In some embodiments, this can
be achieved by sixing the carb-side panels (B} wider than the driver-side panels (A}
along the horizontal or lateral dimension. In other examples, and for case of
manufacture, each of the two halves may be generally the same size/dimensions, and
separate strips of material may be attached along overdapping edges at the curb-side or
driver-side portion as may be desired. A wider cwrb-side portion may be advantageous
in many cases, e.u., as standard truck doors typically use an opendelose arrangement m
which the curbside door 12B closes over the driver side door 12A. Thas, in a standard
configuration, a curb-side door 12B may typically first be disengaged {irst priov o
opening the driver side door 12A. A cotresponding overlap of the panels may be used.

j030] One or more double-hinge mechanism according o the present examples may
be nsed at the back {or unexposed) swrface of the base panels 116A-B to attach the
apparatis 100 to the cargo door 12A-B of the gack. The double-hinge mechamsms
may be connected between the door panel 12 and a facing surface of the base panel
tle. FIGS, 5A-B and FIGS. 0A-C dlusirate examples of double-lunge mechanisms
described herein. A double-hinge mechanism may be configured o allow the base
panels 116A-B of the apparatus to move laterally relative 1o the door panels 12A-8, for
example up/down or side-to-side, depending on the nyientation of the double-hings
mechanisim,  For example, one or more double-hinge mechanisms may be disposed
along the bhortrontal direction for translating the pavels side to side, e.g., as described
above for avoiding the bite of the door. The double-hinge mechamsms may be
advantageously configured {0 allow the apparatus to temporarily move away o be
provided i 4 spaced apart position from the door when the canm fock 15 operated. As
may be appreciated, during locking and unlocking of the door, the cam lock bar 16 of
the door 12 may displace outward from the door. This motion of the cam lock bar 16

would be obstructed by any stroctare that is rigidly mounted across the bar
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Advantageously, the base panels 116A-B of the apparatus 100, which cover the cam
tock bar 16, may be mounted in a movable maoner using the double-hinge mechanism
which may allow the panels to displace cutward similar to the cam lock bar 16 and may
further allow the panels to subsequently returm to thelr neutral position closer 1o the
door panels.  In other examples, as way be needed or desived. the dooble-hinge
mechanisms may be arranged vertically for ranslating the panels up and down, eg., 1
gxamples m which the panels are sived smaller than the doors andior apidown
movernent may stead be desired.

{031} In the illustrapions in FIGS. SA-B, o first horizontal member 305 may represent
the door panel and a second generally parallel horizontal member 310 may represent
the base panel of the apparatas WKL The two horizontal members 505, 510 may be
attached using a double-dunge mechanism S04 which may be vepresented by the two
connecting membars S1SA-B that exiend betwesn the first 305 and second 510
horizontal members.  The double-hinge mechamsm 300 may melude two pivotal
connections 320A-B, 535A-B, each to one of the two horizontal members 505, 510,
with one of the pivotlal connections S20A-B, 525A-B pivoting in one direction and the
other pivoting m the opposite divection. The dounble-hinge mechanism 315 may be
configared to rotate or pivot up to 180 degrees af each of the two pivolal conpections.
This may enable the borizontal member 310 representing the apparatus portion {o move
away from and sideways refative to the door panel (e.g., from a first position as shown
i FIG. SA 10 a second position in FIG. 3B As will be appreciated, dimg the
position shown m FIG. 3B, the borizontal members 505, 310 may be sufficiently
spaced apart o allow for movemest of another structute which may be disposed
between the two vertical panels. A bar 533 coupled to the first or second horeomtal
memaber 303, 310, may be used to operate the double-hinge wechanisnn  In some
embodiments, when rotated, the bar 535 may cause the hortzontal members to move
from the position shown m FIG. SA to the position shown m FIG. 5B, The bar 335
may be coupded by a sivap, clamp, or other sutlable atlachment mechausm. In one
embodiment, the bar 535 may be cam bay 16, Cam bar 16 may be rotated by a vser
operating the handle 14 A stop 330 muy be provided (o the double-hinge mechanism
500 to hmut the movement of the double-hinge mechanism 540, eg., to prevent either

folly expanding or fully collapsing the double-hmge jomt, as may be desired. Each
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pivotal connection S20A-B, 323A-B mav be implemented using any suitable pivotal
Joint, for example g conventional hinge ov a spring-loaded hinge which may enable an
over-center action (o urge the movemant of the funge in a predeternuned divection. The
two pivotal joims may be connected asing a connecting member which may be mads
from a rigid material, such as metal, composite, or other suitable materials,

10321 Referving to FHGS, 6A-60, an exanple of a double-hinge jount 600 is depictad,
which includes a first pivotal joint 605 comnected 1o a first panel 610 (e.g., bottom
plate} and g second prvotal joint 6135 connected 10 & second panel 620 (e.g., top plate),
The first and second pivotal joints 605, 618 are comnected 1o each other using &
connecting member 623, In some embodinients, the copnecting member may be a metal
plate. The first and second pivotal joinis 605, 615 may be dissimilar, for example the
first prvotal jomt 603 may be an over-center joint {e.g.. a spring loaded hinge joint),
while the sscond pivotal 615 joint may freelv rotate up to about 180 degrees. Using an
pver-center joint for one or more of the pivotal joints of the dogble-hinge member GG
may be advantageous as it may help retain the double-hinge member 600 i a first, e.g.,
newiral or collapsed position, as shown in FHG. 6A, or a second, eg., expanded
position, as shown mm FIG 6C, resisting a ranstion bebween the fwo positions, as
shown iy FIG. 6B, This mav be useful for reducing or mininuzing the nisk that the
panels will unexpectedly push away from the door, e.g., during use/deplovment of the
apparatus.

{833] Apparatuses according to the present disclosure may be configured o be seif-
deploving, it that the panels may astomatically unfold when a speed of the land vehicle
reaches or exceeds a threshold speed high enough 1o generate a low pressure region
arowd the velucle {e.g.. m the wake of the velucle). The pressure around the vehicls
may decrease as the speed of the vehicle moveases resulling in highflow pressurg
regions, with the high pressure region located tmmediately behind the vehicle and the
low pressure regions located around and/or m the wake of the vehicle. Thus, as the
vehicle speed Increases, a suction or owtward/difling force may be produced around
andior m the vehicle’s wake, which may cause the panels of the apparatus o
auniomatically deploy or unfold o form 3 cavity {see FIG. 1), As the speed of vehicle
increases, the outermost of the peripheral panels may be pulled outward due to the low

pressure region around the vehicle and as these panel unfold, the remaining panels
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{e.g.. pavels sandwiched between the owtermost and base panels) may be pulled
outward in purt by the presswre differentigl and further assisted by the foldable
attachment of the panels (e.g., by virtue of the wansition panels connecting the main
pangls). The panels may renain m their unfolded or partially wnfolded configuration as
long as a low pressure region remains at the back of the vehicle. The panels may return
to the folded configuration when the speed of the vehicle is below the threshold speed
and the low pressure region diminishes, One or more of the panels may return to their
folded position due, i part, to gravity. For example, when the speed of the truck s
msufficient to maintain the cavity m its expanded shape. pravity may act on the top
panel pulling it down and thereby causing the side panels to fold Inwards. In some
examples, the panels may be manually expanded prior to departare or folded down after
reaching s desunation by the vebicle operator, e.g., when the operator may wish to
access the cargo compartiment by opening the rear door on which the drag reducing
apparatus s mowunted.  In some examples, the sizes, weights, composition and {olding
configuration of the panels may be further tailored to facilitate lower resistance in
opening and folding of the drag reducing apparatus.

034 In some examples. drag reduction apparatuses according to the present
disclosyre may further be used as a gap-fill when maultiple land vehicles {e.g. tratlers)
are arranged 1o travel v a coordinated manner {e.g a road train configuration). In
examples, two or more trailers may be pulled simultancously using the same tractor
unit, in which case, drag reduction apparaiuses as described may be mownied at the rear
end of each traler. That i3, one or more drag reduction devices are provided at
miermediate locations along the length of the road wain. In addition 1o providing drag
reducing as a gap-8il apparatus, this arrangement may offer the added advantage of
obviating the need for moviag the drag reduction apparatus from one trailer 1o the next,
particudarly when the travlers are used imterchangeably in o double- or wmiple-tradler
configuration i which the tratlers may be switched fore and aft.

{335] While an exemplary folding configuration iy depicted m the exemplary
apparatus i FIGS. 2-3, other folding patterns, for examiple, in which the sude panels
overlap the top and/or bottom panels may be used. In some examples, and depending

on the deswed configuration, different shapes and fold lines may be used 1o effectuate
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different expanded configurations, for example configuratons resulting in a more
conical Structiure of VArious DOR-SYDImeic stractures,

{036} in some exgmples, when the operator desires 1o access the cargo conpartment
of the vehicle, the operator may operate the cam lock bar of the cargo door (sea FIG. 3}
and may open and close each door with the panels remaining attached thereto. The left
and right portions of the apparatus are attached such that they move with the door
panel. In other words, and contrary to known devices for drag reduction, the operator
does nol need to independently move the apparvatus ouwt of the way before opening the
door using examiples of drag reduction devices described herein but instead, the
apparatus may move with the door and remain generally flat against the door during
opening and closing of the door. I desired, additional straps, bungees, or other
attachment mechamsms may be provided for secunng the panels m the folded position.

{1371 While various aspects and examples have been disclosed herein, other aspects
and examples will be apparent to those skilled 1 the art. The various aspects and
examples disclosed herein are for purposes of illustration and are not intended fo be
liting, Thus, the present disclosure is not intended to be limited 10 the embodiments
shown herein bul is to be accorded the widest scope possible consistent with the

principles and novel featares as defined by the following claims.
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CLAIMS

What ts claimed is;

i. An apparatus, comprising

a plurality of panels inchuding a pair of top panels, 3 pair of bottom panels, first
and second side panels, and a plurality of fransition panels conpecting the top, boltom,
and side panels, the plarality of panels foldably coupled to allow the panels fo be
provided between a folded configuration in which the panels are flat against each other
and a deployed configuration in which the panels define a cavity therebetween, wherein
the pair of top panels are configwred 1o transition between the folded configaration and
the deployed configuration simulianeously and the pair of boltomn paaels are configured
to transition between the folded configuration and the deploved configuration
sinuiltaneonsly; and

an attachment mechanism disposed along an edge of the top, hottom, and side
panels configured to foldably couple the edpes of the panels 1o a surface of a land

vehicle,

2. The apparawus of clabm 1, further comprising ¢ frst cord coupled o g
back surface of the first side panel and a second cord coupled 1o a back surface of the
second side panel, the first and second cords configured to couple to the surface,

wherein the first and second cords are further configured to mantain a position of the

first and second side panels in the deploved configuration.

3. The apparatus of claim 1, further comprising a pair of over-the-center
brace members coapled 1o back surfaces of the pair of top panels, the pair of over-the-
center brace members configured to couple to the surface, wherein the palr of over-the-
center brace members are further configyred (o mamtam a position of the pair of top

panels in the deploved configuration.

4. The apparatus of claim 1. further comprising a pair of base panels,
wherein the pair of top pansls and the first and second side panels are hingedly coupled

to the pair of base panels around a perameter of the cavity, and the bottom panels are
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hmngedly coupled to the pair of base panels nudway along a length of the base panels,
wherein the panels are Hat against each other agamnst a front surface of the base panels

in the folded confiyuration.

5. The apparstus of claim 4, forther comprising attachment mechanisms
disposed on back surfaces of the base panels oppostie the front swrfaces of the base
panels, the attachment mechanisms configwred to hingedly attach the base panels to the

surface.

6. The apparatus of claim 3, wherain the allachment mechanisms arg
configared 1o draw the base panels toward a centerline of the surface when activated.
7 The apparatus of clamm 6, wherein the atachment mechanisms are

activated by rotating 2 bag coupled to the attachiment mechanisms.

8. An apparatus for reducing drag, the apparatus comprising:

a fivst and 2 second top panel;

a fivst and a second bottom panel;

a first and a second side panel;

a first plurality of transition panels connecting the first top, bottom, and side
panels, the first plurality of panels foldably coupled;

a second plurality of transition panels convecting the second top. bottom, and
side panels, the second plurality of panels foldably coupled;

wheretn the first and second plurality of panels allow the panels 1o be providad
between a folded configuration in which the panels ave flat agamst each other and a
deployed configaration in which the panels define a cavity therebetween;

a fust attachment mechanism disposed along an edge of the first top, bottony,
and side panels confiwed o foldably couple the edges of the panels 1o a first base
panel;

a second attachment mechamsm disposed along an edge of the second top,
bottom, and side panels confipured to foldably couple the edges of the panels to a

second base panel, wherein the second base panel s adjacent to the first base panel,
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wherein the first and second base panels are configured to be attached to a rear surface

of & land vehicle.

g, The apparatus of claim 8, wherein the first base panel iy configured for
attachment to a fivst door and the second base panel is configored for attachment o a
second door, wherewn the first and second doors ave adjacent one another on the rear

suarfice of the land vehicle,

10, The apparatus of claim 9, wherein the base panels sre attached to the

doors such that the fivst and second doors can open while the base panels are attached.

tl. The gpparatus of claim §, wherein the first top panel and the first bottom
panel are longer than the second top panel and the second botiom panel such that the
first top pangl overlaps the second top panel and the first bottom panel overlaps the

second bottom panel.

{2, The apparatus of claim 8, wherein the first top panel is magnetically
coupled to the second top panel and the first bottomn panel 15 magnetically coupled o

the second bottom panel.

13, The apparatus of claim & wherein transition panels foldably coupled to
the first and second bottom panels are magnetically coupled to inner surfaces of the

first and second side panels.

14, The apparatus of claim 8, wherein the first base panel is configured for

attachment to a door by a dogble-hinge mechanism, wherein the door has an edge

hingedly coupled to a doorway.

{5, The apparaius of claim 14, wherem the door welades a cam lock bar
coupled to the double hinge mechamsm, wherein the double hinge mechanism is
configured to draw the first base panel away from the edse hingedly coupled to the

door when the cam tock bar is rotated to an unlocked position.
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F6. A svstem for drag reduction, the sysient comprising:

a first door and a second door of a land vehicle, the first and second doors each
melading an edge hingediy coupled to a doorway of the land vehicle, wherein the first
and second doors are adjacent, the first and second doors further each including & cam
fock bar;

an apparates comprising a plarality of pasels, the apparatus coupled 1o the first
and second doors, wherenn the apparatus 1s coupled tn a manner configured to allow the

first and second doors to open and close while the apparatus is attached.

17, The svstem of claim 16, wherein the plurality of panels are foldably
coupled to allow the panels to be provided between a folded configuration s which the
panels are flat agamst each other and a deploved configuration in which the pavels form
a cavity thergbetween.

2
:
i

I8, The svstem of claim 17, wherem the plurality of panels are configured o
autermatically transition to the deploved configuration when the land vehicle moves ata
threshold velocity.

19, The system of claim 17, wherein the ploradity of panels are configwred o
automatically ransition o the folded configuration when the land vehicle moves below

a threshold velocity.

20, The svstem of clanm 17, wherein the plurality of panels comprise a ngid
material, the rigid material configred to prevent the plurality of panels front saguing in

Pog)

the deploved configuration.
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