
PARAMETRIC MECHANISM DESIGN 
THROUGH NUMERICAL OPTIMIZATION 
AND PHYSICS SIMULATION

Alexander Schepelmann
NASA Glenn Research Center, Cleveland, OH 44135

Space Resources Roundtable XXIII Meeting, Golden, CO
June 2023



THE DESIGN-BUILD-TEST APPROACH IS FLAWED

⁍ Lengthy development time, high cost for TRL 7+ hardware.

⁍ Limited testing capabilities due to environment differences.

⁍ Unoptimized hardware wastes resources.
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DESIGN CAN (AND SHOULD!) BE LARGELY AUTOMATED

Optimization-based design with physical simulation can reduce the time, effort, and cost 
required to develop and deploy hardware that is optimized for its operating environment.
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MECHANISM OPTIMIZATION TOOLCHAIN

MECHANISM
GENERATION

SYSTEM SIMULATION

PARAMETER
OPTIMIZATION
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⁍ Analytically:

⁍

⁍

𝑣 = 𝑟𝜃̇
𝑟 = 127.3 [𝑚𝑚]

EXAMPLE:  WHEEL RADIUS OPTIMIZATION

Wheel mechanism.
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EXAMPLE:  WHEEL RADIUS OPTIMIZATION 
(CONT’D)

Wheel radius optimization in simulation environment via CMA-ES [1].

minimize
!

𝑔 𝑟 = (0.1 − 𝑣𝑥 𝑚𝑒𝑎𝑠 𝑟 )2

subject to 𝑟 ∈ .05,∞

Cost space and optimization path.

Schepelmann SRR 2023 | 06/12



MECHANISM DESIGN TOOLCHAIN
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MECHANISM DESIGN TOOLCHAIN

.STEP
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OPTIMIZED MECHANISMS ARE PARAMETRIC
AND REMAIN FULLY EDITABLE
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MULTI-DIMENSIONAL OPTIMIZATION
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2D wheel optimization problem in granular media.
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MULTI-DIMENSIONAL OPTIMIZATION
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Design space parameter sweep. Simulated in Chrono [2].2D wheel optimization problem in granular media.



MULTI-DIMENSIONAL OPTIMIZATION
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Wheel simulations. Parameter optimization using discrete hill climbing.



MULTI-OBJECTIVE FORMULATION ENABLES 
MODULARITY AND CO-OPTIMIZATION
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NEXT STEPS
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Soil model should be tuned to range of interest.

Soil Parameters

Reactions (Fx, Fy, … Mz)

Poisson’s Ratio (ν)

Shear Modulus (G)

Friction Coefficient (μ)

etc. … 

GRC Soil Characterization Rig.



THANK YOU! QUESTIONS?
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