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Some slides from...
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The Building Block Method

Engineering Systems: Functional characterization and
Mathematical decomposition into building blocks

Representation

¥

Characterize
Building Blocks

L

Evaluate Candidate

Building Blocks  [€7]
Decompose Problem Wouldn’t it be iIlSighth.l if such a
Specification decomposition strategy can be applied to
v compliant mechanisms?
Mechanism

Assembly
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The Building Block Method

For an elastic continuum, functional characterization

Mathematical of constituent members are not evident.

Representation

¥

Characterize
Building Blocks

L

Evaluate Candidate

Saxena, Yin, and Ananthasuresh,2003

Building Blocks The deformation nature of each constituent member
l, epends on the members connected to it.
Decompose Problem
Specification IWhere a fundamental building block for compliant
l‘ yanisms?
Mechanism We need a new Mathematical Representation of
—>  Assembly e need a new Mathematical Representation o
Compliance that enables a building block approach
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Representation ot Compliance
at a Single Port

And illustration of the building
block method



An Intrinsic Geometric Representation

At the Input . . .
i Eigen-Twist and Eigen-Wrench

w Parameters Lipkin, Patterson 1992
Selectively normalizing translations...

Minimize PE = w! Cw
Such that w/ I'vv = 1
=> Cwg = afiI‘Wﬁ 1=1..3

... and rotations

Minimize PE = t'C~1t
Such that t7¢ét =1

=> C Mg = kyiltgi i = 1..3

Six parameters: af,,af,, kg

TE?&B
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An Intrinsic Geometric Representation

At the Input For A Beam
w ot | . .
re = 5.5=0,6 = 180°

[3 [ ET

S gt T

For A Compliant Dyad

Translational and rotational compliance are
decoupled at the Center of Elasticity
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A Geometric Representation
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Concatenation...  c_, .-yt TCon T
computationally. _ _

Ananthasuresh, 11Sc, .ﬁ'f



Concatenation...
Visually BBz "% Goin

N 7
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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 stiffneés in X @d Y directions

ircular Compliance
CIUSCE T T 08 0 1
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]
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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.

e Synthesis (intuition-based)
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