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Sensitivity Analysis and M ulti-ob jective Optim ization
Design of aM achine Cohkmn
LuoHuj ChenW eifang Y eW enhua

(College ofM echanical and E lectrical Engineering Nanjing University of A eronautics and A stronautics Nanjng 210016)
Abstract In the optim ization design of amachme column of synchronous duakdrive precision horizontalm ach in ing
center a fmite elanentmodel for the machme colunn is built and the vibration modal analysis and slatic analysis
are perfomed Then the sensitivity analysis based on dynam ic and static perfom ance of the gean etrical param eters
of themachmne cobmn is perfomed and the gean etrical paran eters which have quite a big mpact on machme cok
unn are detem ned Furthemore themultrob jective optim ization design of the machme cohmn is perfom ed w ith
these gean etrical paran eters as the design variables under the collaborative smulation environment of fmite ele
ment Fmally, the optmal solution is selected fram the generated schames by AHP(Analytic H ierarchy Process).
As a resuly the dynam ic and static perfom ances of themachme cohmn are mproved under the control of the ma-
chme colmn m ass

Key words machine cohmn finite elament analysis sensitivity analysis multrobjective optin zaton
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Abstract. Designing a flexible fixture is much more complicated. In this paper a collaborative
environment was introduced for flexible fixture design. The tasks involved in fixture design are
analyzed and decomposed into five subtasks, which are assigned to workgroups by a project
manager. The workgroups can be distributed in different departments or in different locations
geographically. The framework of collaborate design environment is constructed. Each workgroup
is responsible to a certain job. However, the information needed for flexible fixture design is shared
among these workgroups. The information exchanging and management in the environment are
expressed with a block diagram. Finally, an example of flexible fixture for manufacturing a
thin-walled workpiece is employed to illustrate the efficiency of the collaborative environment.

Introduction

Fixtures are very important in manufacturing systems. They are used to locate and hold the
workpiece securely in position and maintain a consistent relationship with respect to the tools
during manufacturing processes. They play an important role in making a part with certain
geometric accuracy. The cost of fixtures can amount to 10-20% of the total manufacturing costs [1].
To reduce manufacturing costs, a fixture is often designed to be able to locate and clamp as many
parts as possible. Furthermore, the volumn of workpiece to be machined is small to medium. In
such a situation, flexible fixture systems become a favorable means to reduce the cost of product.
Flexible fixture design has been studied for a long time since world-war II. With the development
of computer and internet technology, the strategy of collaborative design and manufacture for
products has been taken into account. Flexible fixture system is one of the typical products that can
be designed and manufactured in a collaborative environment. This paper presents a collaborative
environment for flexible fixture design and analysis.

Literature review

Flexible fixture design and manufacture is not a new topic in manufacturing engineering. A large
number of technical papers were published in relevant journals and proceedings of conferences. In
practice, some computer aided fixture design systems had been developed in the last few decades.
Most of them are standalone fixture design systems. These systems made the tasks of fixture design
easier by integrating the systems with fixture element databases [1]. With the development of
Internet, researchers became to investigate the fixture design process based on the Internet. Mervyn
et al. developed an Internet enabled interactive fixture design system [2]. Xu and Liu developed a
web enabled PDM system in a collaborative design environment [3]. Rong et al. summarized the
advanced technology of computer aided fixture design, and composed a technical book [4]. The
techniques of fixture design have been developing with the progress of computer science.
Knowledge model was established by Hunter e al. as an integral way to reuse the knowledge for
fixture design process [5]. Tang presented an agent based collaborative design system [6]. Li et al.
even presented an agile fixture design tool [7]. The genetic algorithms were also used to optimizing
the locating and clamping position for fixture design [8]. Many methodologies were developed for
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