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Primary reference
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A comprehensive reference
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Another comprehensive 
reference
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Some slides from…

Prof. Girish Krishnan, UIUC, USA
Prof. Charles Kim, Bucknell University, USA
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The Building Block Method

Evaluate Candidate 
Building Blocks

Characterize 
Building Blocks

Decompose Problem 
Specification

Mechanism 
Assembly

Mathematical 
Representation

Engineering Systems: Functional characterization and 
decomposition into building blocks

Wouldn’t it be insightful if such a 
decomposition strategy can be applied to 
compliant mechanisms?
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Is there a fundamental building block for compliant 
mechanisms?

The Building Block Method

Evaluate Candidate 
Building Blocks

Characterize 
Building Blocks

Decompose Problem 
Specification

Mechanism 
Assembly

Mathematical 
Representation

For an elastic continuum, functional characterization 
of constituent members are not evident.

The deformation nature of each constituent member 
depends on the members connected to it.

Saxena, Yin, and Ananthasuresh,2003

We need a new Mathematical Representation of 
Compliance that enables a building block approach
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Representation of Compliance 
at a Single Port

And illustration of the building 
block method
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An Intrinsic Geometric Representation

For Planar case

Eigen-Twist and Eigen-Wrench 
Parameters
Selectively normalizing translations…

… and rotations

Six parameters: 

Lipkin, Patterson 1992

At the Input

At the Center of Elasticity
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An Intrinsic Geometric Representation

For Planar case

At the Input

At the Center of Elasticity

For A Beam

For A Compliant Dyad

Translational and rotational compliance are 
decoupled at the Center of Elasticity
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Series Combination: 
Compliance ellipses add, 
coupling vectors add with 
modifications

A Geometric Representation

Parallel Combination: 
Stiffness ellipses add, 
coupling vectors add
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Concatenation… 
computationally.
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Concatenation...
visually
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Stiffness ellipsoids
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Parallel concatenation
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SYNTHESIS WITH BUILDING 
BLOCKS
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Problem Restatement
Vision Based Force Design Goal:
1.  Design a compliant suspension with decoupled translations and rotations in the XY-
plane
2.  Equal stiffness in X and Y directionsCircular Compliance 

Ellipse
Zero Coupling Vector

Upon Parallel 
Decomposition

+ +
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Problem Decomposition
Symmetric half design by series decomposition

Final Mechanism Assembly
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Force Sensor Solution
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Main points
• A mathematical representation of lumped 

stiffness of a compliant dyad.
• Computational concatenation of 

compliant dyads.
• Synthesis (intuition-based)
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Further reading
ASME Journal of Mechanisms and Robotics, February 2011.
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