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(57) Abréegée/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 apparatus may Include a plurality of panels foldedly couplea
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 attached to two adjacent doors of a land vehicle and a plurality of panels on one door
configured to overlap with a plurality of panels on the adjacent door.
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(87) 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 mto 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 of 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 VEHICLES

TECHNICAL FIELD

1002]

[003]

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

vehicles, such as trucks, tractor trailers and similar vehicles.

BACKGROUND

The present disclosure relates to drag reduction for land vehicles, such as trucks,
tractor-trailer rigs, buses, recreational vehicles and the like. Drag generated by a
vehicle may be proportional to the surface area of the vehicle, and such larger land
vehicles may be particularly concerned with reducing drag in order to reduce fuel
consumption. While certain drag reduction devices for land vehicles are known,
devices of this kind may have limitations and may not be suited for all applications.
For example, known drag reduction devices are typically designed to attach to the
frame of a truck cargo door. As such, the drag reduction device must be pulled to the
side of the truck body and/or swung open in order to access the cargo door. This may
be cumbersome as it may add extra steps before 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 and/or improved devices for drag reduction

may be desirable.

SUMMARY OF THE INVENTION

[004] Examples of apparatuses, systems and methods for drag reduction of land

vehicles, such as trucks, tractor trailers and similar vehicles, are described, including
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examples of drag reduction apparatus for attachment to a roll-up door of a land vehicle.
An apparatus according to examples of the disclosore may mclade o ;_}l'z,:ir‘aﬁiy of panels
including & pair of top panels. a pair of bottown panels, {irst and second side panels, snd
a plurality of transition pangls connecting the top, bottom, and swde panels, the plurality
of panels may be foldably coupled 1o allow the panels 1o be provided between a folded
configuration in which the panels may be Iat against each other and a deployed
configuration in which the panels may define a cavity therebetween, wherein the pair of
top panels mav be configared fo transition between the folded conficuration and the
deploved configuration sinwhaneously and the pair of bottom panels may be
configured o frans#ion between the f{olded configuration and the deployed

configaration simultaneously, and ap attachment mechanism disposed alonyg an edge of

the top. botiom, and side panals which may be configured to foldably couple the edypes
of the panels to a surface of a land vehicle. The apparatus may further include a pair of
base panels, whergin the pair of wp panels and the {irst and second side panels may be
hingedly coupled o the paw of base panels around a penmeter of the cavity, and the
boltom panels may be hingediy coupled (o the pair of base panels nudway along a
fength of the base panels. wherem the panels are flat agsinst each other agamst & frond
surface of the base panels in the folded configaration, The base panels may mclude
attachment mechanisms disposed on back surfaces of the base panels opposite the from
surfaces of the base panels, the attachment mechamsms may be configured (o hunpedly
attach the base panels to the surface.  The altachment mechamsms may be configured
to draw the base panels toward a comterbme of the surface when achvated.  The
attachrnent mechansms may be activated by rofating a bay that nway be coupled 1o e
attachment mechanisms.

{005] An apparatus for redecing drag accordmg to examples of the disclosure mav
mciude a Lirst and a second top panel, a first and a second botiom paned, a first and a
second stde pancl, a hirst plurality of franstion panels  that may comedt the fust top,
botiom, and side panels, the first phoality of panels may be foldably coupled, a second
plurality of ransition paneis may comect the second top, bottom, and side panels, the
second plurahity of panels may be foldably coupled, wheremn the first and second
plurality ol panels may allow the panels (o be provided behween a {olded configuration

m which the panels may be flat agamst each other and a deploved configuration m
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which the panels may deline g cavity therebetween, a first attachment mechanism
disposed along an edse of the first top, hottom, and side pasels which mav be
configured to foldably couple the edges of the pavels 1o a first base panel, and a second
attachment mechamism disposed along an edee of the second top, bottom, and side
panels which may be configured w foldably couple the edpes of the panels 0 a second
base panel, wherein the second hase panel may be adjacent to the first base panel,
wherei the first and second base panels may be configured to be attached to a rear
surface of a fand vehicke.

j006] A svstem for drag reduction agcording o examples of the disclosure may
meiade a first door and a second door of a fand vehicle, the first and second doors may

first and second doors may be adjacent, the [irst and second doors IRAY eR ch mclude a
cam lock har, and an apparaius 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 1o allow the [lirst and second doors to open and close while the

apparatus 1s aftached.

.............................................................................................................

...............................................................................................................

{807} The foregoing and other features of the present disclosure will become more
fully apparend from the following destription and appended clainis, taken m
comunction with the accompanving drawings. Understanding that these drawmngs
gdepiot onlv several examples m accordance with the disclosure and are, therefore, not
to be considerad himinmg ol 18 scope, the disclosure will be desentbed with additionsl
specificity and detadd through use of the accompanying drawings, in which:

JO08] FIG. | oshows an exemplary apparatus accordmg o the present disclosure, the
apparatus shown attached © a door of a truck and v g deploved configuration,

609] FIG. 2 shoows an example accowding to the presemt disclosure, meluding an
appaatus atiached to a door of a truck, the apparatus shown during a folded or
anideploved configuration.

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

bemg operated mito an open or partially open postion,
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011} FIG. 4 shows g partial view of an apparatus according to the present disclosure

as perceived from the bottoms looking upward and llustrating an over-center hrace
member for a top panet of the appargiug,

{01 21 FIGS. 3A-B show an dlustration of a double-lunge atlachment method
according 1o examples berem.

101 3] FIGS. 6A-C show an example of a double-hinge mechapism according o

examples of the present disclosare.

DETAILED DESCRIPTION

[0 14} In the following detailed deseription, reference 15 made o the accompanying
drawings, which form a part hereof. In the drawmgs, sinnlar symbols typrcally wendily

similar components, unless context dictates otherwise,  The illustralive examples

described in the detiled description and drawings are not meani to be mitmg. Other
examples may be atilized, and other changes may be made, without departing from the
spirit or scope of the subject matter presented herem. It will be readily understood that
the aspects of the present disclosure, as generally described hervein, and tliustrated m the
Flgures, can be arranged, substituied, combined, separated, and designed 1 a wide
variety of different confimuatong, all of which are implicily contemnplated

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

land vehicles, Land vehiwoles mciude, but are nol hinnied {0, fnacks and tracior trailers.

Drag reduction apparatuses according (o the present disclosure may be conligured to be

'S:éflfffﬁdﬁpl@}*‘mgt The apparatus may be configured to expand o #s wnfolded {e.¢.

deployed state, for example, gs shown m FIG. 1) due to a low pressure region

developmyg around andior at the rear end of the vehicle, which may ocour as the vehicle
mereases its speed. Suction or Ll force may be generated and applied to the panels of
the apparaius as & result of a lower pressure arowd andéor m the wake of the velucle as
compared to immediately behind the vehicle. Sufficient hft {orce {0 deploy the
apparatus may occur when the vehicle reaches a threshold velocity,  In some
embodiments, the {hreshold velocity may be between 3345 mules per hour. The
apparatus may be conligured to have a higher or lower threshold velocity for
deplovment. Examples of drag reducing devices described herem may be referred to as

.

a “venttdated cavity” tvpe device, owing to the mechanism of deplovment bemng iRt
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force generated by a lower presswre region. However, the theory behind the
mechanism of deplovment is provided here by way of explanation, and s not intended

{01 6] Apparatuses accordimng to the present discloswre may inciude a pluralily of rigid
of semi-ngid panels which nwy be foldedly or hingedly coupled weether, eg.. for
alfowing the panels o be automatically moved between o first (2.g. folded or
undeploved) C{}ﬂﬁ_gu}mim and a second {e.g . unfolded or deploved) configuration on
aitaiming a threshold speed of the vehicle to which the apparatas is attached.

1017} FIG. | ilostrates an example apparatus 100 i the deployed configuration
according o an embodiment of the disclosure. The apparatas 100 15 lustrated
mstalied on a truck tradler 13 with two adjacent mngediyv attached doors 12A-B. Each
door 12A-B inchides a cam lock 14A-B coupled to 8 cam bar 16A-B for opening,
closing, and securing the doors 12A-B. The apparatus 100 may be attached o doors
having different configurations than the configuration iHustrated in FIG. 1. The
apparatas for drag reduction 100 may mclude a plarality of panels, meluding a pair of
top panels 10ZA-B, a pair of botiom panels 112A-B, and first and second side panels
106A-B, The first and second side pangls may also be referred 1o as driver-side 106A
and courb-side 106B panels. although it i3 o be understood that the designation of
“driver-side™ and “ourb-side” may change depending on the confipuration of the
velucle and requirements for positiomng the dowver side to meet local laws or
regulations. The apparatus may also mclude a pluralitv of wansition pangls 104A-B,
HSA-B connecling the top, boltom and side panels. The combined fop 102A-B.
combined bottom 11ZA-B and each of the side 106A-B panels may be generally
vectanguiar or shghtly waperoidal mn shape. The rausiion panely 14A-B, 108A-B
may be generally inanguwdar and may be disposed such that they budge the gaps
between the {op, botiom, andsor side panels. Other geometnies may be possible wathowt
departing from the principles of the wyvenfion.

{18} The plurality of panels may be {olded accordmg o any sumber of {oldmg
configurations. In &y example embodiment of the disclosure dlustrated m FiG. 2, the
top panels L02A-B may fold on top of the side panels 106A-B and be the cutermost
panels when the apparafus 164 158 10 the {olded configuration.  In other embodients,

the side panels HHA-B may be the top most or outer most panels m the folded
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configuration, with the top 102A-B and/or bottom panels 1124-B disposed between the
side panels 106A-B and the door 12A-B. In the deploved confipuration, the apparatus
100 may define a cavity 120 between ai the panels, For example, as shown i FIG. 1. g
cenerally rectangular or shghtly {aperad rectangalar cavity 120 may be defimead belween
the top HIZA-B, bottom 112A-B, and at least portions of the side 106A-B panels, which
may provide aerodyn amic advantages us may be appreciated by those skilled in the art.
HI6A-B panels may combine with adjacent transition pasels 104A-B, 10RA-B to form
cenerally rectangular or slightly trapezoidal panel sections along vertical and horizontal
axis when uniolded {0 deline the cavity 120 therebetween, The panels may be shaped
andior sired so as to achieve a desired shape at the tad end of the vehicle, which may
be selected for optinal or improved drag reduction.

{019 The panels may be made of a lightweight material, such as a polymer or
composite. In some examples, one or more of the panels mayv be made from sheat
metal, fiber board, or other semi-rigid or rigid structares or materials. The panels may
be confipured such that they mamiain therr shape without any substantial flex or sag
while m the deploved configuration.  In some exanples, the panels may be formed

using a fiber reinforced polvpropylene or polvethyiene (FRPY material and may have a

thickness of about 0.05 1o about £.24 inches. The pavels may generally have any

tluckness which can be acconmimodated between the cwreo door and the side of the
vehicle when the door is secured/stonwved 1t an open position {sge e.g., FIG. 3} In stune
examples, the panels may be made ol foam winch may be lanunaled on one or both

sides, The foam may be polvethvieneg fommn, and in exgmples, i may be laminated (e.g.

faced) usmg one or more lavers for mmproved durabiliv of the panels anditr for

preveniing damage o the core, such as by preveniing mirusion of pollwtants mio the
foam core. While not meant (0 be hnuting. 1 some examples, the outer layvers may be
made of substantially anv polvmenc material, for example nylon, polvester, nwlar, or
any other of a vanety of durable polymeric matertals. In some examples, ihe outer
lavers may be provided as a fibm or & woven laver of polymer or aranud fibers. {(®her
materials may be used for the outer lavers andior core. In some exanples, the panels
may be mylar or nvion faced foam msulation panels may be up 1o about 0.25 inch

thick, or m somic examples, may have a thickness of up 10 about 0.5 mches. Other
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thicknesses may be used. The panels, and depending on the matenials selected, may
have a dilferent thickness, and the examples described herein are provided for
iHustration purposes and gre not to be taken i a Himiting sense. Generally, any foam or
other semu-rigid material may be used o provide a desived level of ngudily while being
sufficiently hehtweight for self-deployment. Generally, the panels may be made bom
any material that 1s sufficiently stiff or ripid to maintain their shape in the deploved
Siale.
1020} Referving back 1o FIG. 1, i some examples, the apparatus may inchude a pair of
base panels HGA-B {also referred 1o as back cover panels), which may lie generally
paraliel {0 the door 12A-B of the truck. The base panels 116A-B may be m dirsct
contact with the door 12A-8B, or i3 some examples, the base panels 116A-B may be
spaced apari from the sarface of the door, as will be further described, e, {o provide
clearanve for operation of the cam lock bar of the truck door. Morzover, the base
panels 116A-B may be hingedly attached to the door, for example, using a double-
hinge mechamsm {(not shown 1 FIG. 1) as will be descnbed wath reference to FIGS. 5-

. The double-hinge mechanism mayv [acilitate lateral movement of the base panels

116A-B during opening and closing of the door 12A-B. e to avold frapping o
pinching the base panels 116A-B at the door hinge bute. As wall be understood, the

orees.  Because the base panels

LA L}
L.

truck door 12A~B may swing approsimately 270 de
{16A~B may extend all the way to the edie of the door (e.g., 1o the door lunges), it may
be desmable for the base panels 110A-B {0 be movable towards centerline (.1, edges
ol the doors opposite the door hunges) when the door 12A~B rotates to the abount 270
degree posiiion. Maving the base panels 110A-B towards centerhng mav prevent the
apparatus 100 from Decoming ;3,1211(:2&& d at the door hinge hite.  The double-hinge
mechanism may be biased so that # satomaticelly reuns to the peatral position with
the drnver-side/carb-side edges of the apparatus 106} generally abigned with the driver-
sidefcurb-side edges of the door 12A-B when the door 12A-B 15 pivoled back 1o gbout

O degress.  Attachment of the apparates 100 0 the door 12A-B wing double-lunge

‘

rechanisms of the kind described beremn may facilitpte o some examples shifiing of
the whole apparatus 100 {e g each hall of the apparatus 100} towards centerline to
alfow full compaction of the apparatus 100 aeamst the side of the tradler 10 and {orward

oal of {he door binge bite. Accordingly, exampies of drag reduction apparatuses
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described herein may allow for easier opening and closing of the doors of the land
vehicles to which the apparatuses ave attached.

1021} The peripheral panels (e.u., the top 102A-B. bottom F12A-B, and side panels
106A-B) may be prvotally or hingadly attached 1o the base pansgly 116A-8 along 3
perimeter of the cavity 120 that forms when the panels ave deploved. In some
exarples, the bottom panels T12A-B may be attached along a bottom edpe of the
apparatas 100, In other examples, e g, as shown in FIG. 1, the botiom panels 1124-B
may be attached at an intermediate location along the vertical axis. For example, the
botiom panels H1ZA-B may be located muadway or stightly below the nudpoint between
the top panels 102A-B and the bottom of the doors 1ZA-B. The apparatuys may include
any mumber of retention mechanisms 114, which may be conbipured to hmt the
movement of some of the panels, e.g., the amount of rotation of auy of the peripheral
panels reiative io the base panels 116A-B. For example, one or move strings, vords,
bungees, or other suitable tension members may be attached between the base panels
116A-B and any one of the top 102A-B, bottom H2A-B, and/or side panels 106A-B.
One or more retenfion mechanisms 14 according (o the examples herein may be
attached 1o anv of the penpheral panels. Optionaily, retention mechanisms 114 may be
coupled to the bottom panels 112A-B s0 as to prevent the bottom panet 112A-B from
folding upward when deploved, 2w, due o Jow pressure.  Oue or more reteniion
mechanisnis 114 may be ncluded for the side 106A-B and/or top panels 1{2A-B. The
retention mechanism 4 {eg.. cord} mayv be coliapsible 1o allow a peripheral panel {o
fold towards the base panels 116A~B. The relention mechamsin 114 mav bave a fixed
fenigth when expanded to prevent the peripheral panel from molating beyond a

ad position {e.g., up to 90 degrees) relative to the base panels 116A-B.

022} In some examples, an over-center brace member 110A-B, which may be made
of metal or a ngad plastic matenal, may be used. As shown m FiG. 1, a pawr of over-
center braces HIOA-B mav each be alfached to an outer surface of one of the base
panels 116A-B and to a bottom suriace of each of the top panels H2A-B lacing the
respective base panel 116A-B. The over-center brace member 110A-B may be sel-
deplovable in that ot may be configurad o expand dug to the hifting force on the panel.
An example of ap over-cender brace meniber 110 according o an embodiment of the

disclosure 15 shown m more detail m FIG. 4. The brace may mclade an over-center
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mechanism 415 which wrges the over-center brace member 110 into an expanded
position once. deployed, which mav be advantageous in preventing premature coliapse
of the top panel 102A-B. Une or more over-center braces 110A-B may be included
between any of the peripheral panels and the base poanels 116A-B.  In soms
embodiments, the over-center brace 110A-B may be configured for providing any of
the peripheral panels i up o about 45 degree position relative 1o the base panels 116A-
B, which may restrict hyper-extension of the panels and may be an aerodynamically
destrable position.

{023} Foldable joints, which may also be referred to as hinge joints or living hinges,
may be disposed between each panel to allow the panels {0 pivol relative 10 one
another. The foldable jomnts may be smplemented according {0 any suitable techmgue.
For exnmple, the foldable joint may mnclade one or more layers of flexible material
which 1s secured (2.2, fused, heat welded, mechanmically fastened, ete.) alony respective
edoe portions of adioining or adjacent panels. The foldable joint may be configured 1o
reduce or nuninuze resistance to prvotal motion of the panels. In some instances, the
foldable jomt may be hiased so as 1o urge ov facilitate prvotal motion in one divection

andior resist rofating m an opposie divection, The foldable jomt mayv be a mudti-layver

materials. In some examples, iving lunges may be mmplemented asing mechanically
fixed dual durometer extrusions. A gap mav remain between the lavers of the foldable
jomnt for Hex and minimal resistance to the pivoting/iolding action.

1024} The foldable joints may be located between the transihon panels TO4ASB,
HO8A-B and the side panels 106A-B, the top panels H02A-B, and the botiom panels

112A-B, The foldable joints mav also be between side panels 16A-B and the bass
panels HHOACB, the top pangls H2A-B and the base panels 116A-B, and the botlom
panels 112A-B and the base panels 116A-B. The loldable jouus may be located at
edees of two or more paneis. For example, dnver-side side panel 1A may have
gdges 160, 162, 164, and 166, Adjcent transiion panel 104A may have edges 144,
142, and 144, A foldable yourt 170 may be located al the mieriace of edee 160 of sude
panel 100A and edge 140 of transttion panel 1044 A jomt sinnlar to foldable joint 170
may be located along an edge transition panel 104A and an edge of top panel 102A. A

similar foldable jomt simiar to the foldable jomt 174 may be located alony an edge of
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transition panel 108A and an edge of bottom panel 112A. Transition panel 108A LY
have a second foldable joint along a second edge adjacent to a back surface of sde
panel 106A. However, cother attachment mechanisms between transition panet 08A
angd the back surlace of side panel 106A may be ased. Suntar foldable jomts may also
be located along corvesponding panels on the curb~side panels (B).

H125] Side panel 106A may have a foldable joint 172 slong edge 166 to couple the
side panel HIGA to an outer edge the base panel 1164, Side panel | G6A may also be
hingedly coupled to the outer edge of the base panel 116A.  In an allernative
embodiment, the side panel 106A may be divectly coupled o an edge of the door 12A
along edue 166, Similarly, top panel 102A may have g foldable jomnt along a top edge
of the top panel and a top edge of the base panel 116A {o couple the top panel 102A 1o
the base panel 116A. Top panel HRA may also be hingedly coupled to the top edge of
the base panel 116A. In an altemative embodiment, the fop panel FO2A may be directly
coupled 0 a top edge of the door 12A. Similar foldable joints or other attachment
mechanisms may also be located along corresponding panels on (he curb-side panels
{B)

026] As shown i FHa. 3, the apparatus 100 may remamn atiached o the trader 10
door 12B, when opeming andior closing the door 12B, iclhuding while moving the
handle 148 of the cam lock bar 168 andior stowing the door 128 n 8 secured open
posinon. In some examples, the apparatus 100 may span most or substantially all of the
surface area of the cargo door 12. The apparatus 100 may be generally reciangular in
plan and may be shapedisized such that it covers most or all of the surface arca of the

resr en

d of the truck watler 1. The apparatus 100 may be provided in some exaamples:
with a cuiout or ndented portion along a botiom portion of the apparatus 100 such that
the apparatus, when attached at the back of the truck tader 10, remams clear of the
handle 14 of the cam lock bar 16.

0271 i some oxamples, the drag reduction apparatus 1 may be attixed to the back
end of a land vehuele (e, & truck) I a manner which does not terfere with operation
of the cargo door of the track. For examiple, the drag reduction apparatus 10U may be
attached directly to the cargo door and may have a shape wilach allows for the door 12
10 be operaled {e.g., opened or closed) without removing the apparatus 100 or withowt

having o first mampelaie the apparatas 100 {e.g.. move the apparatus aside or out of
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the way} i order o access and/or open the cargo door 12, For example, as pre vioushy
described, the apparatus 100 may be attached to the door 12 mimg a double-hinge
mechanism so as o prevent interference of the panels with operation of the cam lock
bar 16 andior prevent the pangls rom becomime pinched and/or damged by the door
hinge bite. Each base panel 116 may extend between the edge of the door 12 (e.n.,
proximate the door hinpes gt the driver-side and cuwrb-side edpes) and aboui the
midpoint or centerline of the rear end of the vehicle trailer 19, wheve the two doors
meet. As will be understood, the apparates 100 may inclade two separate portions, left
ov driver-side portion and right or curb-side portion, and each portion may be secured
0 each of the door panels 12A-B of a split-tvpe cargo door. in thius manner, each of the
bwo portions of the apparatus HE may remain aftached to each door panel 12A-B while
the door is opened and closed (see e.p., FIGS. 3.

{028 The left and right portions of the apparatus 100 may adjoin andior oveslap at a
seam 118 corresponding to the seam or interface of the two cargo doors 12A-B. The
two portions may be configured to engage at tbe seam 118, eg., to offer a ponunal
resistance 1o separation of the two portions dunng use. As described, the top panel
section mcludes a left 102A and right 102B top panel sections. Asrodyvnamic
advantage {e.g. drag reduction) may be dimunished i only one of the lefl and night
panel sections 0 remain attached andior deploy simultaneousty. Simular advantages
may be aclueved by facilitating simultaneous deplovment of the bottom left 112A and
botltom night 1128 panel sechions. A mechanism may be provided at the seam HE,
e.¢., along gy portions of the edges which overlap, which may resist separation of the
pangls along the seam. For example, magnetic or mechanical engagenient mechamsms
may be gsed. Magnelic tape or a phaabity of magnetic strips may be provided along at
least a portion of the seam for engagement between the two portions.  Other magnet
shapes mav also be used. An example of a magnet placed on the seam 118 of the op
panels HEA-D 13 shown i FiG. 4 In s example, the magnel 420 15 aliached o the
adge of the right top panel 1028, The mapnet 420 extends bevond the edee of the nght
top panel 1028 1o enpage with the left top panel H2A . In other examples, mechanical

attachment {e.2., Velcro) or adhesives {e.g., removable, reusable, pressure-sensiive
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adhesives) may additionally or instead be used. Other suitable attachment techaiques
may also be used

10291 An overlap at the semm 118 may fact litate an en pagement between the two
porfions of the apparatus 100, Furthermore, m some embodunents, additional

mechanisms for mamtaining a connection between the two portions of the apparatas

a . .

alomg the horizontal or lateral dumension.  In other examples, and for ease of
manufactare, each of the two halves may be generally the sgme size/dimensions, and
separate strips of matenial mayv be attached along overapping edges at the carb-side or
driver-side portion as may be desired. A wider awrb-side portion may be advanlageous
i many cases, e.g. as standard truck deors typically use an open/elose arrangement
which the curbside doos 12B closes over the driver side door 12A. Thus, in 8 standard
configuration, a curb-side door 12B may tvpically first be disenguged fivst prior o
opening the driver side door 12A. A cotresponding overlap of the panels may be used.
{036 One or more double-hinge mechanism sccording fo the present examples may
be used at the back {or unexposed) surface of the base panels 116A-B io attach the

apparatus M 1o the cargo door 124-B of the wuck. The double-hinge mechamsms

{16, FIGS SA-B and FIGS. 0A-C illusirate examples of double-lunge mechanisms
described beremn. A double-hinge mechanism may be configured {o allow the base
panels 116A~-B of the apparaiug to move fateradly relative to the door panels 12A-B, for
example up/down or side-to-side, depending on the orientation of the double-hings
mechamsm,  For example, one or more double-hinge mechamsms may be disposed
along the hortrontal direction lor transiating the pawoels side to side, e.g., as described
above for avoidmg the biie of the door. The double-hinge mechamsms may be
advantageousty configured o allow the apparatus to temporaniy move away of be
provided i a spaced apart position from the door when the cam foek s operated. As
may be appreciated, during lockimg and unlocking of the doov, the cam lock bar 16 of

the door 12 may displace cutward {rom the dootr. Tias motion of the cam lock bar 16
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Advantageously, the base panels 116A-B of the apparatus | 00, which cover the cam
Tock bar 16, may be mounted in a movahle manver using the dowuble-hinge mechanism
which may gliow the panels to displace cutward similar to the cam lock bar 16 and may
further allow the panels to subsequenily relum o thetr newtral position closer o the
door panels.  In other examples, as may be needed or desired, the double-hinge
mechanisms may be arranged vertically for translating the panels up and down, 2., in
examples in which the panels are sized smaller than the doors andior up/down
rmovernent may mstead be desired.

{031} In the fdlustrations in FIGS, SA-B, a first horizontal member 503 may represent
the door panel and a second generally parailel hortzontal member 310 may represem
the base panel of the apparatus HHYL  The two honzontal members 35, 510 may be
attached using a double-nge mechanism 300 which may be represented by the two
connecting members S1SA-B that extend betwesn the firsi 505 and second 510
horizontal members.  The double-binge mechanism 300 may inchude two pivotal
connections 320A-B, 533A-B, each o one of the two horizontal members 505, 510,
with one of the pivotal connections S20A-B, 325A-B prvoting m one direction and the
other prvoting m the oppostte direction,  The double-hmge mechanismy 315 may be
configured to rotate or pivol up to 180 degrees at each of the two pivotal connections.
away from and sidewavs relative to the door panel (e.g., from a first position as shown
in FIG. SA to a second postiion in FIG. 8BY. As will be appreciated, during the
postiion shown m FIG. 3B, the bonzonial members 503, 310 mav be suihiciently
spaced apart o allow oy movenent of another structure which may be disposed
between the two vertical panels. A bar 533 coupled to the first or second honwomtal
member 303, 310, may be used w operate the double-hunge wechamsm,  In some
embodiments, when rotated, the bar 335 may cause the horwzonial members o move
from the postiion shown i FIG. 3A {0 the position shown m FIG, 5B, The bar 335
may be coupled by a strap, clamp, or other suiable atlachment mechmusm.  In one
enibodiment, the bar 335 may be cam bar 16, Cam bar 16 may be rotated by a user
operating the handle 14 A stop 530 may be provided {o the double-hinge mechanism
00 to finut the movermeni of the double-hinge mechamism M), e g, to prevert erther

fully expanding or tully collapsmy the double-hinge jomt, as may be desired. Each
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pivotal connection 5204-B, 525A-B may be implemented using any suitable pivotal
Jotrt. for example g conventional hinge or a spri ing-toaded higtiges which may enable s
over-venter action 1o urge the movement of the hinge in a predetermined direction. The
bwo prvotal joiss mav be commectad asing a connecting meamber which may be mads
from a rignd material, such as metal, composite, or other suitable materials,

132] Referring to FIGS. 6A-6C, an example of a double-hinge joint 600 is depicted,
which includes a first pivotal joint 605 connected to a first panel 610 (e.g., bottom
plate) and a second pivolal joint 615 connected 1o a second panel 620 (e.e., top plate).
The first and second pivotal joimts 605, 6158 wre connecied to each other using a
confiecting member 623, In some embodiments, the connecting member may be a metal
plate. The first and second prvolal jomis 605, 615 may be dissinnlar, for example the
first prvotal joimt 603 may be an over-center jomt {e.g. a spring loaded hinge joint),
while the second fpimml 618 joint may freely rotate up to about 150 degrees. Using an
over-center joint for one or more of the pivotal joinis of the double-hinge member 600
may be advantageous as 1 may help retain the double-hinge member 600 n a first, e.g.,
neutral or collapsed posittion, §s shown n FIHG. 6A, or a second, ep.. expanded
postiton, as shown in FiG, 6C, resisting a fransgion between the Iwo pOsSHIONS, as
shown v FIG. 6B, This mav be wseful for reducimg or minimuzing the nisk that the
panels will anexpectediy push away from the door, e.g., during aseddeplovment of the
apparstus.

{033} Apparatuses according (o the present disclosure may be configured fo be sgif-
deploving, m that the panels may antomatically unfold when a speed of the land vehicle
reaches or exceeds a threshold speed high enough 10 generate a low pressure region
around the vehicle (e m the wake of the vehicle). The pressure around the vehiclg
may decrease as the speed of the vehicle moreases resudbmg i highidow presswre
regions, with the high pressure region located numediately behind the vehicle and the
low pressure regions tocated around andior i the wake of the vehicle. Thus, as the
vehicle speed ncreases, 8 saction or owtward/difing force may be produced around
and/or i the velnele’s wake, whnch may cause the panels of the apparatus o
automatically deplov or unfold to form g cavity {see FIG. 1) As the speed of vehicle
mereases, the outermost of the peripheral panels may be pulied outward due 1o the low

pressure region around the vehicle and as these panel unfold, the remammmg panels
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{e.g.. panels sandwiched between the ocuilermost and base panels) may be palled
oulward m part bx the pressure dillerentinl and further assisted by the foldable
attachment of the panels {e.g.. by virtue of the fransiiion panels connecting the main
panels). The panels may remam m thew wnlolded or partially unfolded configuration as
long as a low pressure regron remains at the back of the vehicle, The panels may return
io the folded configuration when the speed of the vehicle is below the threshold speed
and the low pressure regron diminishes, Osne or more of the pancls may return to their

folded position due, in part, © gravity. For example, when the speed of the truck s

panel pulling 1t down and thereby causing the side panels o fold mwards, In some

examples, the panels may be manually expanded prior (0 departure or folded down alter
reaching s destnation by the vehicle operator, e.g., when the operator may wish to
aecess the cargo compartiment by ';ﬁ}'}f&'.iﬁi.‘i;g. the rear door on wiuch the drag xfef:?im:%ing
apparatus i mounted.  In some examples, the sizes, weights, composition and {olding
configuration of the panels may be further tailored to faciitate lower resistance i
opening and loiding ol the drag reducing apparatus.

{034 In some examples, drag reduction apparatuses according to the present

disclosure may further be used as a gap-fill when maltiple land vehicles (e.g. tratlers)

Yt

2

are arvanged 1o travel 1 a coordinated manner {e.g a road irain configuration). In
examples, two or more tratlers may be pulled simultaneously usine the same fractor
winit, m whuch case, drag reduction apparatuses as described mav be mounted at the rear
end ol each traler. Thal 18, one or mose drag reduchion devices are provided at
reducing as a gap-fill apparatus, this arrangement may offer the added advantage of
obviating the need for moving the diag reduction apparatus from one tratler to the nexi,
particutarly when the tratlers are used interchangeably m a double- or inple~trailer
configuration i wihich the tratlers mav be switched fore and aft.

{035] While an exemplary {oldmg confipabion 8 depicted m the exemplary

apparatas m PGS, 2.3, other folding patterns, for example, m which the side panels

on the destred condiguration, different shapes and fold lines may be used 1o effectyate
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different expanded configurations, for example configurations resulting m a mwere
conical structure or various :n.{meSg}efinfnfn-eiri{‘: sruciares,

{36 In some examples, when the operator destres 10 access the cargo conpariment
of the vehicla, the operator may operaie the cam ook bar of the cargo door (zee FIG. 3)
and may open and cloge sach door with the panels remmaining 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 not need to independently move the apparatus out of the way before opening the
door using examples of drag reduction devices described bherein but instead, the
apparatys may move with the door and remain generally flat agamnst the door durmyg
opening and closimg of the door. I deswed, additional straps, bungees, or other
attachment mecharusms may be proyvaded for secunng the panels i the folded posthion.

{037 While various aspects and examples have been disclosed herein, niher aspects
and exaniples will be apparent to those skifled in the art. The various aspecis and
examples disclosed heremn are for purposes of ilustration and are not miended o be
g, Thus, the present disclosure 18 not miended to be limied 10 the embodiments
shonwn heremn bat s to be accorded the widesi scope possible consistent with the

principles and novel features as defined by the following clamms.



CA 2916928 2017-03-29

17

CLAIMS

What is claimed 1is:

1. An apparatus, comprising:

a plurality of panels including a pair of top panels, a pair of bottom panels, first and
second side panels, and a plurality of transition panels connecting the top, bottom, and side
panels, wherein the plurality of panels are foldably coupled to allow the plurality of panels to be
provided 1n a folded configuration in which at least some of the plurality of panels are againSt
cach other and in a deployed configuration in which the plurality of panels define a cavity
therebetween, wherein the pair of top panels are configured to transition between the folded
configuration and the deployed configuration together and the pair of bottom panels are
configured to transition between the folded configuration and the deployed configuration
together;

the plurality of panels further comprising a pair of base panels configured for coupling
the plurality of panels to a vehicle door, the pair of top and bottom panels and the first and
second side panels foldably coupled to the pair of base panels; and

at least one hinge mechanism attached to at least one of the pair of base panels and
configured to allow the at least one of the pair of base panels to move laterally with respect to a

centerline of the vehicle door when the at least one of the pair of base panels is attached to the

vehicle door.

2. The apparatus of claim 1, further comprising a first cord coupled to a back surface
of the first side panel and one of the pair of base panels, and a second cord coupled to a back

surface of the second side panel and the other of the pair of base panels.

3. The apparatus of claim 1, further comprising a pair of over-the-center brace
members, each coupled between respective ones of the pair of base panels and a back surface of

respective ones of the pair of top panels.



CA 2916928 2017-03-29

18

4, The apparatus of claim 1, wherein the bottom panels are pivotally coupled to the

pair of base panels midway along a length of the base panels.

5. The apparatus of claim 1, wherein the hinge mechanism 1s a double-hinge
mechanism.
6. The apparatus of claim 1, wherein the hinge mechanism 1s biased to return to a

neutral position when the vehicle door is pivoted toward a closed position.

7. The apparatus of claim 6, wherein the wherein hinge mechanism is further
configured to allow the at least on¢ of the pair of base panels to move away from the vehicle

door while remaining attached to the vehicle door.

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

a first and a second top panel,;

a first and a second bottom panel;

a first and a second side panel;

a first plurality of transition panels connecting the first top panel to the first side panel
and the first bottom panel to the first side panel, the first plurality of transition panels foldably
coupled to respective ones of the first top, bottom, and side pancls;

a second plurality of transition panels connecting the second top panel to the second side
panel and the second bottom panel to the second side panel, the second plurality of transition
panels foldably coupled to respective ones of the second top, bottom, and side panels;

wherein the first and second pluralities of transition panels allow the apparatus to be
provided between a folded configuration in which at least some of the panels are against each
other and a deployed configuration in which the panels define a cavity therebetween;

a first attachment mechanism attached to a first base panel and

a second attachment mechanism attached to a second base panel, to allow the first and
second base panels to move laterally with respect to a centerline of a vehicle door and remain

against the vehicle door when the first and second base panels are attached to the vehicle door.
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9. The apparatus of claim 8, whercin each of the first and second attachment

mechanisms comprises a hinge mechanism.

10.  The apparatus of claim 9, wherein each of the first and second base panels are
attachable to respective one of a first and second vehicle doors such that the first and second

doors can open while the base panels remain attached thereto.

11.  The apparatus of claim 8, wherein at least one of the top panels and at least one of
the bottom panels at least partially overlap the other one of top panels and the other one of the

bottom panels, respectively, when the apparatus 1s attached to the vehicle door.

12.  The apparatus of claim 8, wherein the first top panel is magnetically coupled to
the second top panel, wherein the first bottom panel is magnetically coupled to the second
bottom panel, or wherein the pair of top panels are magnetically coupled to one another and the
pair of bottom panels are magnetically coupled to one another when the apparatus 1s attached to

the vehicle door.

13.  The apparatus of claim 8, 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 double-hinge mechanism, wherein the door has an edge hingedly coupled to a

doorway.

15.  The apparatus of claim 14, wherein the door includes a cam lock bar coupled to
the double hinge mechanism, wherein the double hinge mechanism 1s configured to draw the
first base pancl away from the edge hingedly coupled to the door when the cam lock bar is

rotated to an unlocked position.

16. A system for drag reduction, the system comprising:
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a first door and a second door of a land vehicle, the first and second doors each including
an edge hingedly coupled to a doorway of the land vehicle, wherein the first and second doors
are adjacent, the first and second doors further each including a cam lock bar; and

an apparatus comprising a plurality of panels, the apparatus coupled to the first and
second doors, wherein the apparatus is coupled in a manner configured to allow the first and

second doors to open and close while the apparatus is attached;

wherein the plurality of panels includes a first plurality of peripheral panels toldably coupled
to a first base panel positioned against the first door and attached thereto using a first hinge
mechanism configured to allow the first plurality of panels to move laterally with respect to the first
door while remaining against the first door, and wherein the plurality of panels includes a second
plurality of peripheral panels foldably coupled to a second base panel positioned against the second

door and attached thereto using a second hinge mechanism configured to allow the second plurality

of panels to move laterally with respect to the second door while remaining against the second door.

17.  The system of claim 16, wherein the plurality of panels are foldably coupled to
allow the panels to be provided between a folded configuration in which the panels are flat

against each other and a deployed configuration in which the panels form a cavity therebetween.

18.  The system of claim 17, wherein the plurality of panels are configured to

automatically transition to the deployed configuration when the land vehicle moves at a

threshold velocity.

19. The system of claim 17, wherein the plurality of panels are configured to

automatically transition to the folded configuration when the land vehicle moves below a

threshold velocity.

20.  The system of claim 17, wherein the plurality of panels comprise a rigid material,
the rigid material configured to prevent the plurality of panels from sagging in the deployed

configuration.
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21.  The apparatus of claim 1, further comprising a mechanism provided at adjacent
edges of the top panels, at adjacent edges of the base panels or both, the mechanism configured

to resist separation of the adjacent edges of the top panels, the adjacent edges of the top panels,

or both.

22.  The apparatus of claim 1, wherein the top panels are disposed on top of the side

panels when the apparatus is in the folded configuration and attached to the vehicle door.

23.  The apparatus of claim 1, wherein the bottom panels are folded in a same

direction as the top panels.

24.  The apparatus of claim 8, wherein each of the first and second bottom panels are
coupled to the respective ones of the first and second base panels at an intermediate location

along a length of the base panels.

25.  The system of claim 16, further comprising a retention mechanism coupled
between at least one of the peripheral panels and at least one of the first and second base panels
to limit movement of the at least onc of the peripheral panels relative to the at least one of the

first and second base panels.

26.  The system of claim 16, wherein the first and second hinge mechanisms are

configured to return the panels to a neutral position when respective ones of the first and second

doors are pivoted toward a closed position.

27. The system of claim 16, wherein at least one of the first and second hinge

mechanisms is further configured to allow respective one of the first and second base panels to

move away from respective one of the first and second vehicle door while remaining attached

thereto.

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

first and second top panels;
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first and second bottom panels;

first and second side panels;

a first plurality of transition panels connecting the first top panel to the first side panel
and the first bottom panel to the first side panel, and a second plurality of transition panels
connecting the second top panel to the second side panel and the second bottom panel to the
second side panel, wherein the first and second pluralities of transition panels are configured to
allow the apparatus to transition between the folded configuration and the deployed
configuration;

first and second base panels, wherein the first base panel is connected to the first top
panel, the first side panel, and the first bottom panel, and wherein the second base panel 1s
connected to the second top panel, the second side panel, and the second bottom panel; and

first and second attachment mechanisms for coupling the first and second base panels,
respectively, to a vehicle door, and wherein the first and second bottom panels are each coupled
to a respective one of the first and second base panels at an intermediate vertical location of the
respective base panel, and wherein the top and bottom panels are folded in a same direction

when the apparatus is in the folded configuration.

29.  The apparatus of claim 28, wherein each of the first and second base panels are

attachable to respective one of a first and second vehicle doors such that the first and second

doors can open while the base panels remain attached thereto.

30. The apparatus of claim 28, wherein the pair of top panels are configured to

transition between the folded configuration and the deployed configuration together and the pair

of bottom panels are configured to transition between the folded configuration and the deployed

configuration together.

31.  The apparatus of claim 28, wherein the plurality of panels are configured to
automatically transition to the deployed configuration when the land vehicle moves at a

threshold velocity.

CA 2916928 2018-01-25
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32.  The apparatus of claim 31, wherein the plurality of panels are configured to

automatically transition to the folded configuration when the land vehicle moves below a

threshold velocity.

33.  The apparatus of claim 28, wherein the plurality of panels comprise a rigid

material, the rigid material configured to prevent the plurality of panels from sagging in the

deployed configuration.

34.  The apparatus of claim 28, further comprising a mechanism provided at adjacent
edges of the top panels, at adjacent edges of the base panels or both, the mechanism configured
to resist separation of the adjacent edges of the top panels, the adjacent edges of the top panels,

or both.

35.  The apparatus of claim 28, wherein the top panels are disposed on top of the side

panels when the apparatus is in the folded configuration and attached to the vehicle door.
36.  The apparatus of claim 28, further comprising a mechanism coupled between at
least one of the panels and a respective base panel to limit movement of the at least one of the

panels relative to the respective base panels.

37.  The apparatus of claim 36, wherein the mechanism comprises one or more cords,

over-the-center brace members, or combinations thereof.

CA 29169528 2018-01-25
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