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Analysis of Stiffness Bounds for Parallel Devices Using Eigenvalues

Taeksoo Kim, Hyun Kim, and Daehie Hong

ABSTRACT

In order to use a parallel device for machine tool feed mechanism, it is very important to analyze its stiffness over the
workspace. Generally, the stiffness of a rod varies with its length. In this paper, the stiffness of the leg is modeled as a
linear function. With the linear stiffness model, the methods that can determine stiffness bounds and max/min stiffness
directions are presented utilizing eigenvalues and eigenvectors of the stiffness matrix. The stiffness variation along a tool-
path and stiffness mapping over a workspace are presented with cubic-shaped parallel device which is originally designed for

machine tool feed mechanism.
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Fig.1 Structure of cubic parallel device
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Table. 1. Stiffness calculation: case study
Platform _ _

position P=(7, -8,35), RPY=(n/12,0,0)

Direction X Y YA min. | max.

Stiffness(10e8) | 2.17 | 0.90 | 3.01 [ 0.38 | 1820
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Fig.2 Z-direction stiffness in x=(-10, 1‘0)
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Fig.3 Minimum stiffness in in x=(-10,10)

Fig.4 Z-direction stiffness mapping
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Fig.5 Minimum stiffness mapping
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