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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:
Study on Kinematics and Movement Accuracy Improvement

of Parallel Mechanisms

Name: Zhanwu Pei

This thesis mainly comprises of two parts, direct-kinematics of parallel mechanisms and movement
accuracy improvement of parallel mechanisms, which have published in two papers.

Chapter 1.

The background, necessity and purpose of this study will be introduced.

Parallel mechanisms have many outstanding advantages such as high payload ability, high accuracy, high
structural rigidity and high movement speed, however some drawbacks, small movement space and complicated
kinematics etc., also limits its further applications and developments. Though the idea to enlarge movement space
by adding redundant has been seen, a set of universal direct kinematics, especially able to be used to parallel
mechanisms with redundancy, have not been seen. Then again, due to the inherent defect of multi-joint
mechanisms, the heterogeneity of movement accuracy in their movement space, accuracy deterioration caused
some areas of movement space not to be able to be used and made the narrow more narrow. Obviously if
movement accuracy in these areas can be improved, the workspace of parallel mechanisms will be expanded.

Based on the above, the purpose of this study will be set as follows,

I. To give a set of universal method to establish direct kinematic relations of Parallel mechanisms.
Especially they will be demanded to apply to parallel mechanisms with redundant joints.

Il. To provide a set of approaches to improve movement accuracies of parallel mechanisms by
using movement information of passive joints, thereby the workspaces of parallel mechanism
will be expanded in some areas of accuracy deterioration.

Chapter 2.

Kinematics of parallel mechanism will be discussed in the chapter. A set of universal kinematic relations
applicable to parallel mechanisms with redundant joints will be derived.

In this chapter, active joints that can determine all movements of parallel mechanisms will be strictly defined.
Mechanism DOF and End-effector DOF will be distinguished. The definition of Mechanism Redundancy will be
given. Then joints of parallel mechanisms will be divided into two parts, active joints and passive joints, the
movement relation of them will be derived. Finally the movement relation between active joints and end-effector
will be presented.

In the end of this chapter, manipulability of parallel mechanisms will be discussed, its result will be used in
the next chapter as a base of discussions.

Chapter 3.
A set of approaches to improve movement accuracy of parallel mechanisms will be presented by using



movement information of passive joints.

This set of approaches will use passive joints of parallel mechanisms and kinematic sensors will be amounted
to these joints. Some of passive joints will be picked out as sensing joints by evaluation measures, their accuracy
movement information will be converted and delivered to driving joints to improve movement accuracy of
parallel mechanisms.

The chapter will firstly discuss the performance of different active joints on the end-effector, then selection
and usage of sensing joints will be discussed.

Chapter 4.

A 2-DOF planar PM and 3-DOF spatial PM, as numerical examples will be presented to demonstrate and
verify some results in chapter 2. And high accuracy movement of parallel mechanisms will be simulated by using
methods in chapter 3 and selections and usage of sensing joints will be concretely introduced. Some outstanding
improvement in some areas of accuracy deterioration will also be seen.

Chapter 5.

A summary about the work in the thesis is that the direct kinematics analysis and movement accuracy
improvement have been done, kinematic relations can be applied to parallel mechanisms with redundancy, and
the validity of methods to improve movement accuracy was verified by calculating and simulating movements on
two parallel mechanisms. The accuracy improvement of parallel mechanisms also made it possible to enlarge the
movement space applicable.





