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e Novel programmable passive mechanical spring architecture protected under U.S.
Patent US 12,612,951 B1.

e Enables tunable non-linear force—displacement behavior using purely passive

geometric mismatch.

e Bridges the gap between conventional fixed-response springs and complex

electronically controlled systems.

e Eliminates need for sensors, hydraulics, software, and active electronics.

e Strong applicability across aerospace, defense, robotics, automotive/EV, and
industrial automation sectors.

e Delivers integrated guiding + spring functionality in a compact, high-fatigue-life
design.



e Non-circular tubular guide-rod swept along a first helical path.
e Complementary slider bore swept along a second helical path with pitch mismatch.

Controlled elastic deformation induced by geometric mismatch.

e Force response programmable through:

Helical pitch difference,
Cross-sectional eccentricity,
Wall thickness,

Material properties.

Compact, multifunctional architecture combining guidance and tunable force

management.



Primary Target Sectors

e Aerospace and Defense

Robotics and Compliant Actuation

Automotive and EV Systems

Industrial Precision Systems

Recoil and Energy Absorption Systems

Industry Needs Addressed

e Compact programmable mechanics

e Long fatigue life with reduced strain



e Reduced electronic and hydraulic complexity
e Tunable stiffness and damping behavior

e Space-constrained, high-performance force-management systems



TAM

e Global spring, actuator, and motion-control markets worth multi-billions annually.

SAM

e Aerospace, robotics, automotive/EV, and industrial automation sectors

demanding advanced programmable mechanics.

SOM

e Initial commercialization focus:

e Recoil and energy absorption systems,



e Robotics actuators,

e Aerospace mechanisms,

e Industrial motion control systems.



Growth Drivers

e Rapid expansion of robotics and automation

e EV and aerospace lightweighting initiatives

Miniaturization trends in aerospace systems

e Demand for passive, high-reliability solutions

Need to reduce electronic complexity and failure points

Commercial Challenges

e Prototype validation and performance demonstration

e OEM qualification timelines (especially aerospace/defense)



e Manufacturing process optimization

e Conservative adoption cycles in regulated industries



Conventional Competitors

e Traditional coil springs
e Belleville washers
e Gas springs

e Elastomeric dampers

Advanced Alternatives

e Electronically controlled active suspensions
e Hydraulic adaptive systems

e Servo-compliant actuators
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Key Differentiation

e Fully passive programmable mechanics
e Integrated guiding and force generation
e Superior compactness and fatigue resistance

e Reduced system complexity and weight
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e Few existing architectures offer continuously programmable passive mechanical

response.
e Major white-space opportunities in:

e Compact recoil and energy absorption systems,
e Compliant robotics actuators,

e Aerospace mechanisms,

e Adaptive industrial motion systems.

e Potential to replace bulky electronically controlled systems in space-constrained

environments.
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Strengths

e Unique programmable force response via geometric design
e Broad applicability across multiple high-tech sectors
e Strong patent protection with broad claims

e Multifunctional (guiding + spring) compact architecture

Weaknesses

e Currently at prototype stage

e Manufacturing process refinement required
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Opportunities

e Defense modernization programs
e Rapid growth in robotics and automation

e EV and aerospace lightweighting trends

Threats

e Incumbent spring and actuator suppliers
e Long qualification cycles in aerospace/defense

e Competing active/adaptive technologies
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Potential Licensees

e Aerospace OEMs (e.g., Boeing, Airbus, Lockheed Martin)

Defense contractors

Robotics manufacturers

Automotive Tier-1 suppliers

Precision actuator and motion control companies

Conclusion

e Strongly differentiated programmable passive mechanical technology.

e Significant licensing and joint-development potential.
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e High relevance in compact, high-cycle, high-performance applications.

e Excellent positioning to capture value in the growing demand for reliable,

sensor-free force management solutions.
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