
Accepted Manuscript

Title: Analytical index of dynamic isotropy and its application
to hexapods

Author: Behrouz Afzali-Far Per Lidström

PII: S0141-6359(17)30448-8
DOI: https://doi.org/doi:10.1016/j.precisioneng.2018.01.001
Reference: PRE 6712

To appear in: Precision Engineering

Received date: 26-7-2017
Revised date: 6-12-2017
Accepted date: 2-1-2018

Please cite this article as: Behrouz Afzali-Far, Per Lidstrddotom, Analytical
index of dynamic isotropy and its application to hexapods, <![CDATA[Precision
Engineering]]> (2018), https://doi.org/10.1016/j.precisioneng.2018.01.001

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

https://doi.org/doi:10.1016/j.precisioneng.2018.01.001
https://doi.org/10.1016/j.precisioneng.2018.01.001


Page 1 of 17

Acc
ep

te
d 

M
an

us
cr

ip
t

Analytical index of dynamic isotropy and its application to hexapods

Behrouz Afzali-Fara,∗, Per Lidströmb

aMAX IV Laboratory, Lund University, P.O. Box 118, SE-221 00 Lund, Sweden
bDivision of Mechanics, Lund University, P.O. Box 118, SE-221 00 Lund, Sweden

Abstract

Dynamic isotropy is a condition where eigenfrequencies of a robot are equal, which could be
equivalent to the maximization of the lowest eigenfrequency. Accordingly, dynamic isotropy can
be considered as an effective criterion to optimize dynamic performance of a robot. In this paper,
we firstly present the mathematical conditions in order to obtain dynamic isotropy in hexapods.
These conditions are presented for two cases (with and without considering the strut inertia).
Then, it is proven that complete dynamic isotropy is physically impossible to achieve in hexapods
where the platform is a single (rigid) body, but a semi-complete dynamic isotropy is feasible.
It is also analytically proven that the dynamic isotropy leads to the maximization of the lowest
eigenfrequency, even for the semi-complete dynamic isotropy. In a generalized approach, to obtain
isotropy or near-isotropy solutions, we have established an analytical tool named “analytical index
of dynamic isotropy” in order to directly obtain solutions as close as possible to isotropy. The
developed method can be applied to all forms of isotropy and is not limited to dynamic isotropy
in hexapods. This work is a continuation of the PhD thesis by the first author.
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Nomenclature

Table 1: Subscripts/superscripts

C Cartesian space
H Initial distance from the base to the platform-plane
R Radius
b Base
cp Platform’s center of mass
de. Decoupled
h Distance from the platform-plane to the platform center of mass
i, j, k Integers
max Maximum
min Minimum
p Platform
st Strut
x, y, z, α, β, γ Refers to each coordinate of the “Cartesian space”
eb, ep Base-basis and platform-basis, respectively
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