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FIG. 1

Perspective View of Traction Recovery System
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FIG. 2
Exploded View Showing Multi-Layered Construction
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FIG. 3A-3D

Sequential Side Views of Self-Feeding Mechanism
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FIG. S

Bottom View Showing Ground Engagement Surface
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FIG. 6
Cross-Sectional View Along Ling of FIG. 1
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FIG. 7
Detailed View of Tapered Leading Edge
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FIG. 8

Detailed View of Progressive Elevation Segments
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FIG. 9

Rolled Storage Configuration
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FIG. 10

rorce Analysis:
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VEHICLE TRACTION RECOVERY SYSTEM
WITH DYNAMIC SELF-FEEDING

MECHANISM

CROSS-REFERENCES TO RELATED
APPLICATIONS

Not applicable

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable

THE NAMES OF THE PARTIES TO A JOINT
RESEARCH AGREEMEN'T

L1

Not applicable

INCORPORATION-BY-REF.
MATERIAL

T

RENCE OF

Not applicable

STATEMENT REGARDING PRIOR
DISCLOSURES BY THE INVENTOR OR A
JOINT INVENTOR

Not applicable

FIELD OF THE INVENTION

The present mnvention relates generally to vehicle recov-
ery devices and more particularly to a specialized traction
enhancement system for vehicles immobilized on low-iric-
tion surfaces such as ice, snow, mud, sand, or similar terrain.

BACKGROUND

Vehicles frequently become immobilized when their tires
lose traction on slippery surfaces. Conventional solutions
include sand, cat litter, floor mats, or commercial traction
boards. However, these solutions sufler from significant
limitations: sand and cat litter provide only temporary,
localized traction; floor mats can be damaged and often slide
away under tire rotation; and commercial traction boards are
typically rigid, bulky, and difficult to position correctly
under partially sunken tires.

Existing traction devices generally require precise place-
ment under the tire and often become dislodged during
recovery attempts. Additionally, most solutions require
external force to maintain their position during initial tire
rotation, presenting a significant challenge when a vehicle 1s
operated by a single person.

Theretfore, an unmet need remains for an effective traction
recovery system that utilizes the rotational energy of the
wheel to self-position beneath a tire, while providing supe-
rior gripping capabilities on multiple low-1Iriction surfaces
and remaining portable when not 1n use.

BRIEF SUMMARY

The present invention addresses the aforementioned limi-
tations by providing a dynamic traction recovery system
with a novel self-feeding mechamism that utilizes wheel
rotation to position 1itself under a tire automatically.
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In one aspect, the mvention comprises a multi-layered
flexible strip with a specialized upper surface that engages
with tire treads, a reinforced core layer providing tensile
strength, and a bottom surface featuring a proprietary
arrangement of multi-directional gripping elements that
adhere to slippery surfaces without becoming embedded.

In another aspect, the invention includes a tapered leading
edge with a unmique geometry that facilitates initial engage-

ment with a rotating tire, drawing the strip underneath
through principles of mechanical advantage rather than
requiring precise manual positioning.

In yet another aspect, the invention 1ncorporates progres-
sive elevation segments that create a gentle ramp, reducing
the mitial torque required to begin vehicle movement while
distributing weight gradually to prevent the strip from being
pushed forward.

In a further aspect, the mvention features a novel inter-
locking lateral stabilization system that prevents sideways
slippage during tire engagement while maintaining flexibil-
ity for storage.

In yet a further aspect, the invention includes a proprietary
rolling mechanism that allows the strips to be stored com-
pactly without structural degradation or memory eflect that

would compromise functionality upon deployment.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

To 1dentity the discussion of any particular element or act
casily, the most significant digit or digits 1n a reference
number refer to the figure number 1n which that element 1s
first introduced.

FIG. 1 shows a perspective view ol the traction recovery
system.

FIG. 2 1s an exploded view showing the multi-layered
construction of the traction recovery system.

FIGS. 3A-3D are sequential side views illustrating the
seli-feeding mechanism during operation.

FIG. 4 1s a top view of the traction recovery system
showing the tread engagement surface.

FIG. 5 1s a bottom view of the traction recovery system
showing the ground-engaging surface.

FIG. 6 1s a cross-sectional view.

FIG. 7 1s a detailed view of the tapered leading edge
section.

FIG. 8 1s a detailed view of the progressive elevation
segments.

FIG. 9 1s a perspective view showing the system 1n its
rolled storage configuration.

FIG. 10 1s a diagram illustrating the force distribution
during operation.

FIG. 11 1illustrates a method for using the system.

DETAILED DESCRIPTION

The detailed description set forth below in connection
with the appended drawings i1s intended as a description of
exemplary embodiments of the present mnvention and 1s not
intended to represent the only forms 1n which the present
invention may be constructed or utilized.

Structure and Components

FIG. 1 1s a perspective view of the traction recovery
system 100 according to a preferred embodiment of the
present invention. The traction recovery system 100 com-
prises an elongated flexible strip having a length dimension
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substantially greater than its width dimension, which 1s 1n
turn substantially greater than 1ts thickness dimension. The
strip has a tapered leading edge 310. In the preferred
embodiment, the length 1s approximately 48 inches (122
cm), the width 1s approximately 12 inches (30.5 cm), and the
thickness varies between 0.5 and 0.9 inches (1.3-2.3 cm)
depending on the specific section.

FIG. 2 provides an exploded view illustrating the multi-
layered construction of the traction recovery system 100.
The system comprises at least three primary layers: an upper
traction engagement layer 210, a middle reinforcement layer
220, and a lower ground engagement layer 230.

The upper traction engagement layer 210 {features a
specialized pattern of directional ridges 212 and channels
214 configured to maximize engagement with tire treads.
Unlike conventional solutions that rely primarily on surface
texture, these directional ridges 212 incorporate a unique
asymmetrical geometry with a leading edge angle o, sub-
stantially different from trailing edge angle ., (typically
a,=25-35° and «,=53-65°. This asymmetry creates a
mechanical bias that enhances the seli-feeding mechanmism
by converting rotational energy into linear motion.

The upper traction engagement layer 210 1s fabricated
from a proprietary thermoplastic elastomer compound incor-
porating silica nanoparticles and carbon fiber strands to
provide exceptional abrasion resistance while maintaining,
high coetlicient of friction even at extreme temperatures
(—40° F. to 140° E./-40° C. to 60° C.). The Shore A hardness
of this layer pretferably ranges between 65-73, providing
optimal deformation characteristics to conform to tire tread
patterns without excessive permanent deformation.

The middle reinforcement layer 220 comprises a lattice
structure of high-tensile aramid fibers 222 arranged in a
modified honeycomb pattern with longitudinal remnforce-
ment bands 224. This unique arrangement provides excep-
tional tensile strength (exceeding 25,000 ps1) while permit-
ting controlled flexibility along predetermined bend lines
226. The bend lines 226 are strategically positioned to
tacilitate rolling for storage while providing rigid segments
during deployment. The middle reinforcement layer 220
also incorporates a series of resonance dampening nodes 228
that absorb and dissipate vibrational energy generated dur-
ing tire engagement, preventing harmonic oscillations that
could dislodge the system during critical initial engagement.

The lower ground engagement layer 230 represents a
significant mnovation over existing solutions through its
bidirectional gripping mechanism. Rather than employing
conventional spikes or cleats that penetrate the substrate
(which can fail on hard ice or packed snow), this layer
utilizes an array of microscale suction elements 232 inter-
spersed with directional friction pads 234. The suction
clements 232 comprise microscale chambers with non-
return valves that create localized negative pressure zones
upon compression, while the directional friction pads 234
feature anisotropic coellicient of friction (typically 0.8-0.9 1n
the rearward direction and 0.2-0.3 1n the forward direction).
This combination creates substantial resistance to forward
slippage while facilitating insertion during the 1mitial deploy-
ment phase.

Self-Feeding Mechanism

FIG. 3A to FIG. 3D illustrate the sequential operation of
the self-feeding mechanism that represents a core innovation
of the present invention. Referring to FIG. 3A, the tapered
leading edge section 310 of the traction recovery system 100
1s positioned adjacent to a tire 300 that 1s immobilized on a
low-1riction surface 302. The tapered leading edge section
310 features a compound curve with decreasing thickness
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toward the very front edge, creating an insertion profile that
requires minimal clearance between the tire 300 and the
surtace 302.

As shown 1n FIG. 3B, when the tire 300 begins to rotate
(indicated by arrow R), the directional ridges 240 of the
upper traction engagement layer 210 engage with the tire
tread, creating a pulling force (indicated by arrow P) that
draws the traction recovery system 100 beneath the tire 300.
Importantly, this pulling force P i1s generated by the rotation
of the tire 1tself, eliminating the need for external positioning
beyond the 1nitial placement of the tapered leading edge 310.

FIG. 3C illustrates the progressive elevation feature,
wherein a series of graduated elevation segments 320, 322,
324 create a ramped surface that gradually raises the tire 300
from the low-iriction surface 302. Each elevation segment
increases 1n height by a predetermined increment (typically
0.1-0.2 1nches/2.5-5.1 mm) and features a specific length
calculated to optimize force distribution during the critical
weight transfer phase. This gradual elevation reduces the
initial torque required to begin movement while distributing
the vehicle’s weight across multiple contact points, prevent-
ing the system from being pushed forward rather than drawn
underneath.

FIG. 3D shows the full engagement phase, wherein the
tire 300 has been elevated onto the main body section 330
of the traction recovery system 100. At this point, the
bidirectional gripping mechanism of the lower ground
engagement layer 230 provides maximum resistance against
forward slippage, while the full width of the upper traction
engagement layer 210 provides consistent traction to the tire
300, allowing forward progression of the vehicle.

The asymmetrical directional ridges, having a leading
edge angle of 25° 35° and a trailing edge angle of 53° 65°,
act 1n conjunction with the progressive elevation segments
to form a compound mechanical advantage. This coopera-
tion reduces the torque required to liit the tire and improves
alignment as the strip self-inserts beneath the rotating wheel.
Lateral Stabilization System

Referring now to FIG. 4, a top view of the traction
recovery system 100 illustrates the novel lateral stabilization
system that prevents sideways displacement during opera-
tion. The system includes a series of self-centering channels
410 arranged 1n a herringbone pattern with convergence
angle 3 (typically) 15-25°. These channels 410 work 1n
conjunction with lateral stability ridges 420 positioned along
both longitudinal edges of the system.

The self-centering channels 410 exploit the principles of
vector force resolution to automatically guide the traction
recovery system 100 toward centerline alignment with the
tire, even when initial placement 1s slightly offset. This
seli-correction capability significantly enhances ease of use,
particularly in challenging weather conditions or limited
visibility scenarios.

The lateral stability ridges 420 provide additional resis-
tance against sideways slippage through a combination of
increased surface area and specialized geometry. Rather than
simple raised edges, these ridges incorporate a variable-
height profile with undercut sections 422 that create
mechanical interference against lateral movement once
compressed under the tire’s weight.

Ground Engagement Surface

FIG. 5 provides a bottom view illustrating the specialized
ground engagement surface of the lower layer 230. The
arrangement of microscale suction elements 232 and direc-
tional friction pads 234 follows a proprietary distribution
algorithm that optimizes traction across multiple surface
types. This distribution 1s not uniform but rather concen-
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trated i primary load-bearing zones 510 determined
through finite element analysis of typical weight distribution
patterns.

The microscale suction elements 232 are arranged in
clusters with varying density gradients, creating diflerential
adhesion zones that maintain at least partial engagement
even on irregular surfaces. Fach suction element comprises
a flexible chamber with a minute central opeming and
reinforced sidewalls that deform under pressure to expel arr,

creating localized vacuum that enhances adhesion to the
surface.

The directional iriction pads 234 utilize a biomimetic
microstructure mspired by gecko setae, with asymmetrical
microscale projections measuring 15-30 um 1n length. These
projections lie flat when moved 1n one direction but engage
when force 1s applied 1n the opposite direction, creating
substantial anisotropic iriction properties without requiring
penetration nto the substrate.

Additionally, drainage channels 520 are strategically posi-
tioned to evacuate water, slush, or liquefied mud from
beneath the system, preventing hydroplaning effects that
could compromise traction. These channels follow compu-
tational fluid dynamics-optimized pathways to maximize
flow rate while minimizing structural compromise.

Microscale suction elements incorporate non-return valve
membranes that trap air and generate negative pressure
zones. In cold environments, thermal conductive threads
integrated into the suction chambers reduce ice crystalliza-
tion and enhance ground adhesion on 1cy surfaces.

FIG. 6 presents a cross-sectional view illustrating the
integration of the various layers and features. The upper
traction engagement layer 210, middle reinforcement layer
220, and lower ground engagement layer 230 are perma-
nently bonded using a proprietary vulcanization process that
creates molecular crosslinking between layers rather than
relying solely on adhesives, which could delaminate under
extreme conditions.

The cross-section also reveals the internal remnforcement
structure 610, comprising a network of carbon fiber rein-
forcement rods embedded within the middle layer 220.
These rods, measuring 1.5-2.5 mm 1n diameter, are posi-
tioned to create a truss-like internal architecture that pro-
vides exceptional compressive strength while maintaining
flexibility along predetermined bend lines 226.

Stress distribution channels 620 are visible as void spaces
within the cross-section, strategically positioned to allow
controlled deformation under load. These channels prevent
catastrophic structural failure by redirecting stress concen-
trations away from critical junctions and allowing localized
compression without affecting overall structural integrity.
Leading Edge Construction

FIG. 7 provides a detailed view of the tapered leading
edge section 310, highlighting several innovative features
that facilitate initial engagement. The leading edge incorpo-
rates a multi-angle approach profile with primary insertion
angle v, (typically) 12-18° transitioning to secondary eleva-
tion angle v, (typically 25-35°) through a continuous curve
rather than an abrupt transition.

The leading edge material composition differs from the
main body, utilizing a more rigid thermoplastic polyurethane
with Shore D hardness of 45-55 to maintain structural
integrity during forced insertion. This material 1s overmo-
lded with a low-1Iriction coellicient coating 710 on the upper
surface of the very tip (extending approximately 2-3 inches/
5.1-7.6 cm) to facilitate 1nitial positioning beneath the tire
edge.
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Of particular significance 1s the variable-thickness tran-
sition zone 720, which creates a non-linear stifiness gradient
that prevents buckling during the critical mitial loading
phase. This zone incorporates micro-reinforcement fila-
ments 722 arranged in an asymmetrical pattern to provide
directional stiflness, resisting deformation when pulled
underneath the tire while allowing controlled flexibility
when rolled for storage.

Progressive Elevation System

FIG. 8 illustrates the detailed construction of the progres-
sive elevation segments 320, 322, 324. Unlike conventional
ramp designs that utilize a constant slope, these segments
implement a mathematically optimized variable-radius
curve that maximizes the mechanical advantage during
initial movement while ensuring stability during the transi-
tion phase.

Each elevation segment includes embedded foam cells
with a temperature-sensitive density gradient. Below Ireez-
ing, the foam stiffens to maintain load support and reduce
compression deformation, improving performance on 1Cy
terrain. This structure provides dynamic support responsive
to environmental conditions.

Each elevation segment incorporates load distribution
plattorms 810 at specific intervals, creating brietly level
regions that allow momentum development before encoun-
tering the next elevation increment. The spacing between
these platforms 1s calculated based on typical tire circum-
ference measurements to ensure that at least one contact
patch of the tire 1s engaged with a platform at all times.

The internal structure of each elevation segment includes
density-gradient foam cells 820 that provide progressive
resistance to compression. These cells range from lower
density (typically 2-3 1b/{t°) at the bottom to higher density
(typically 8-10 1b/fi) at the top, creating a cushioning effect
that absorbs 1nitial impact while preventing excessive com-
pression under full vehicle weight.

Storage Configuration

FIG. 9 shows the traction recovery system 100 1n 1ts rolled
storage configuration. The system 1s designed to roll along
predetermined flex lines 910 that are reinforced against
maternal fatigue. Unlike conventional tflexible materials that
experience stress concentration at fold points, these flex
lines incorporate elastomeric hinge zones with nanoscale
engineering to distribute bending forces across thousands of
molecular chain segments rather than concentrating stress at
specific points.

The rolled configuration 1s secured using integrated con-
tamnment straps 920 that employ mechanical interlocking
rather than traditional hook-and-loop fasteners, which can
become compromised when exposed to mud or ice. These
straps utilize a specialized gear-tooth pattern that provides
secure locking while remaining easy to release even with
gloved hands or when partially obscured by debrais.

In the rolled configuration, the system achieves a compact
form approximately 12 mches (30.5 cm) 1in width and 6-8
inches (15.2-20.3 cm) 1n diameter, weighing approximately
5-7 pounds (2.3-3.2 kg) depending on specific model varia-
tions. This compact form factor allows for convenient stor-
age 1n a vehicle’s trunk or cargo area.

Self-Deploying Multi-Strip System

In some embodiments, multiple traction strips may be
connected by retractable cords with spooled tensioners. A
single deployment of one strip triggers subsequent deploy-
ment of the next, enabling rapid multi-wheel placement
without repeated manual intervention. The cords are housed
in retractable spools embedded 1n the lateral ridges of each
strip and are coated to resist abrasion and mud fouling.
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Force Distribution Analysis

FIG. 10 provides a diagram illustrating the force distri-
bution during operation of the traction recovery system 100.
When a typical passenger vehicle (weight approximately
4,000 lbs/1,814 kg) engages with the system, the applied
forces are managed through several innovative mechanisms.

The rotational force of the tire (F_r) 1s converted to linear
pulling force (F_p) through the directional ridges of the
upper layer. This conversion 1s optimized through the asym-
metrical ridge geometry, achieving typical force multiplica-
tion of 1.4-1.6x depending on tire tread pattern and rotation
speed.

Downward force from the vehicle’s weight (F_d) 1s
distributed across the progressive elevation segments
through the load distribution platforms, creating reaction
forces (F_rl, F_r2, F_r3) that are angled to partially coun-
teract forward slippage forces. The vector sum of these
reaction forces contributes to the stability of the system
during the critical transition phase.

The bidirectional gripping mechanism of the lower layer
creates substantial resistance force (F_g) against forward
slippage. Through the combined action of the microscale
suction elements and directional friction pads, this resistance
force typically achieves eflective coellicient of friction val-
ues of 0.6-0.8 even on smooth ice, representing a substantial
improvement over conventional solutions (typically 0.2-
0.3).

In one embodiment, embedded pressure sensors transmit
tire weight distribution to a mobile device.

In one embodiment, self-deploying connector mechanism
link two or more strips via retractable cords for sequential
deployment under multiple wheels.

FIG. 11 illustrates a method for using the system.
Although the example routine depicts a particular sequence
of operations, the sequence may be altered without departing
from the scope of the present disclosure. For example, some
of the operations depicted may be performed 1n parallel or
in a different sequence that does not materially affect the
function of the routine. In other examples, different compo-
nents of an example device or system that implements the
routine may perform functions at substantially the same time
or 1n a specific sequence.

Use begins by positioning the tapered leading edge of the
system adjacent to tire 1102.

Then, the user causes the tire to rotate to engage upper
layer of the system 1104.

Those movements create a pulling force that draws the
system under tire 1106.

The tire thus 1s elevated tire via graduated elevation
segments 1108.

The method then provides traction to the tire via full
engagement of the system 1110.

System design prevents forward slippage of the system
1112.

Other aspects of system design prevent lateral movement
1114.

Key mnovative elements include:

Multi-layered construction with specialized materials in

cach layer

Asymmetrical directional rnidges that convert rotational

energy into linear motion

Microscale suction elements combined with directional

friction pads for superior ground grip

Progressive elevation system with mathematically opti-

mized variable-radius curves

Self-centering channels arranged 1n a herringbone pattern
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Resonance dampening nodes to prevent dislodging during,

initial engagement

Specialized rolling mechanism for compact storage

The system comprises non-trivial integration of features;
the system 1s more than a sum of its parts. The self-feeding
mechanism (with asymmetrical directional ridges) works in
tandem with the variable-radius elevation segments, and
ground grip technologies, suggesting non-obvious func-
tional synergy.

The prior art contains no direct teaching or suggestion.
While individual elements (traction mats, suction cups, etc.)
are known, no prior art suggests or teaches combining them
in this manner to achieve automatic, torque-assisted inser-
tion under a tire.

The system solves a longstanding user problem. Many
single-operator recovery scenarios fail due to dislodgement
or mcorrect placement of mats. This design addresses that
through seli-centering, seli-feeding, and progressive

engagement-suggesting a non-obvious solution to a persis-
tent 1ssue.

The system’s material and structure are complex. The
inclusion of nano-engineered tlex lines, multi-layer bonding
with molecular crosslinking, and resonance dampening
nodes shows design complexity not found in obvious modi-
fications of known products.

I claim:

1. A traction recovery system for vehicles on low-1riction

surfaces, comprising:

a tire;

a flexible elongated strip having a length dimension at
least three times greater than i1ts width dimension,
which 1s 1n turn at least eight times greater than its
thickness dimension;

an upper traction engagement layer comprising direc-
tional ridges with asymmetrical geometry to engage
with tire treads and convert rotational energy into linear
motion;

a middle reinforcement layer comprising a lattice struc-
ture of high-tensile fibers with a modified honeycomb
pattern with longitudinal reinforcement bands;

a lower ground engagement layer comprising an array of
microscale suction elements with non-return valve
structures interspersed with directional friction pads
that create resistance of at least 0.8 coeflicient of
friction to forward slippage;

a tapered leading edge section with a multi-angle insertion
profile and varnable-stifiness transition zone configured
to prevent buckling during 1mitial engagement with a
compound curve with decreasing thickness toward said
leading-edge section, creating an 1nsertion profile
requiring minimal clearance between a tire and surface;
and

a plurality of progressive elevation segments configured
with variable-radius curvature and embedded load dis-
tribution platforms at spacing intervals corresponding
to typical tire contact patches;

wherein said directional ridges and said plurality of
progressive elevation segments operate cooperatively
to reduce 1nitial torque required to begin tire ascent and
maintain stable insertion of the strip beneath the tire
without external force.

2. The system of claim 1, wherein the microscale suction

clements comprise tlexible chambers with embedded ther-
mal conductors configured to reduce 1ce adhesion.
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3. The system of claim 1, further comprising a lateral
stabilization system including self-centering herringbone
channels configured to realign the strip when 1mitially mis-
aligned by up to 10 degrees.

4. The system of claim 1, wherein the elevation segments
comprise variable-density foam cells that respond to tem-
perature changes by increasing compression resistance
below 0° C.

5. The system of claim 1, wherein the directional friction
pads comprise biomimetic setae structures with asymmetri-
cal surface projections producing anisotropic Iriction 1n
torward and rearward directions.

6. The system of claim 1, further comprising a seli-
deploying connector mechanism linking two or more strips
via retractable cords for sequential deployment under mul-
tiple wheels.

7. The system of claim 1, further comprising embedded
pressure sensors configured to transmit tire weight distribu-
tion to a mobile device.

8. The system of claim 1, wheremn the upper traction
engagement layer, middle reinforcement layer, and lower
ground engagement layer are permanently bonded using a
vulcanization process that creates molecular crosslinking
between layers.

9. The system of claim 1, further comprising an internal
reinforcement structure comprising a network of carbon
fiber reinforcement rods embedded within the middle layer,
positioned to create a truss-like internal architecture.

10. The system of claam 1, wherein the tapered leading
edge material composition differs from the main body,
utilizing a more rnigid thermoplastic polyurethane with a
low-1riction coeflicient coating on the upper surface of the
tapered leading edge.

11. The system of claim 1, wherein the system 1s designed
to roll along predetermined flex lines that are remforced
against material fatigue through elastomeric hinge zones
with nanoscale engineering.

12. The system of claim 11, further comprising integrated
containment straps that employ mechanical interlocking
with a specialized gear-tooth pattern that provides secure
locking while remainming easy to release.

13. The system of claim 1, wherein the directional ridges
of the upper layer achieve force multiplication of rotational
force to linear pulling force through asymmetrical ridge
geometry.

14. The system of claim 1, further comprising drainage
channels strategically positioned to evacuate water, slush, or
liquefied mud from beneath the system, preventing hydro-
planing eflects.

15. The system of claim 1, wherein the internal structure
of each elevation segment includes density-gradient foam
cells that provide progressive resistance to compression.

16. The system of claim 1, wherein the middle reinforce-
ment layer includes resonance dampening nodes that absorb
and dissipate vibrational energy generated during ftire
engagement.

17. A method of recovering a vehicle immobilized on a
low-1riction surface using a traction recovery system, com-
prising:

positioning a tapered leading edge section with a multi-

angle isertion profile and variable-stiflness transition

zone ol the traction recovery system adjacent to a tire
that 1s immobilized on the low-friction surface;
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causing rotation of the tire to engage with directional
ridges having asymmetrical geometry of an upper trac-
tion engagement layer of the traction recovery system;

allowing a pulling force that draws the traction recovery
system beneath the tire through conversion of rotational
energy nto linear motion via the asymmetrical geom-
etry of the directional ridges;

progressively elevating the tire from the low-iriction
surface via a series of graduated elevation segments
configured with variable-radius curvature and embed-
ded load distribution platforms at spacing intervals
corresponding to typical tire contact patches that create
a ramped surface; and

providing traction to the tire via full engagement with a
main body section of the traction recovery system
while preventing forward slippage via an array of
microscale suction elements with non-return valve
structures terspersed with a bidirectional gripping
mechanism of a lower ground engagement layer.

18. A traction recovery system for vehicles on low-

friction surfaces, comprising;

a flexible elongated strip having a length dimension at
least three times greater than i1ts width dimension,
which 1s 1n turn at least eight times greater than its
thickness dimension, configured to be positioned adja-
cent to a tire immobilized on a low-iriction surface;

means for engaging with tire tread to create a pulling force
that draws the strip beneath the tire when the ftire
rotates, said means comprising directional ridges with
asymmetrical geometry that convert rotational energy
into linear motion;

means for progressively elevating the tire from the low-
friction surface, said means comprising graduated
clevation segments configured with variable-radius
curvature and embedded load distribution platforms at
spacing intervals corresponding to typical tire contact
patches;

means for preventing forward slippage of the strip relative
to the low-1Iriction surface, said means comprising an
array ol microscale suction elements with non-return
valve structures interspersed with directional friction
pads that create resistance of at least 0.8 coeflicient of
friction;

means for preventing lateral displacement of the strip
during operation, said means comprising a lateral sta-
bilization system including seli-centering herringbone
channels configured to realign the strip when nitially
misaligned by up to 10 degrees; and

means for compactly storing the strip when not in use,
said means comprising integrated containment straps
that employ mechanical interlocking with a specialized
gear-tooth pattern.

19. The traction recovery system of claim 18, further
comprising means for distributing force across multiple
contact points via the embedded load distribution platforms
positioned at the spacing intervals corresponding to typical
tire contact patches to prevent the strip from being pushed
forward rather than drawn underneath the tire, wherein the
load distribution platforms create localized contact zones
that maintain engagement even during initial tire rotation
phases.
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