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Stability analysis of free-form workpieces in fixtures
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ARTICLE INFORMATION ABSTRACT
Original Research Paper The stability analysis of workpiece in fixtures is considered as one of the stages of the fixture
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including weight, | rs, and clam nd machining wrenches. In thi mathematical model
Available Online 14 February 2016 cluding weight, locators, and clamps and mac g wrenches. In this study, a mathematical mode

has been presented for part stability analysis based on the minimum norm principle that led to a non-
linear quadratic optimization problem. The solution to this problem is the reaction forces at the contact

Keywords: . . . . L .

,:ix);ure Design points between workpiece and locators. The study includes the workpiece stability analysis at the
Free-form Geometry loading stages, determination of stability span for workpiece and investigating the effect of the base
Minimum Norm Principle locator's distances on the workpiece stability through examples. A turbine blade model was incorporated

Rigid Body Dynamics

Stability Analysis as the case study to evaluate the suggested model capabilities in stability analysis. The loading

procedure of this part into the fixture was categorized into sequential stages and its stability was
investigated in contact with the locators. The results included the stability span of [22°-38°] for the
workpiece on base locators, increased stability by the distanced base locators and the confirmation of
the main locating plan through the stability verification at the loading stages. The results showed the
model efficiency and accuracy in analyzing the free-form part stability in contact with the fixture
elements. The proposed dexterous model can be integrated into the CAFD platform to be used at the
early stages of locating and clamping system design applications.
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system adapted for mathematical modeling of stability analysis with
minimum norm principle
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Table 1 The position of the locating points for model of Fig. 2 beside
the normal, the first tangential and second tangential vectors
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-1.00 0.01 0.03 0.08 -0.01 0.03 Jlos s
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000 000 000 000 000 000 wlas o
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Fig. 2 Case study: loading of turbine blade model into the fixture
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Fig. 3 The procedure of workpiece loading into the fixture a) resting on
the base locators b) the position of nearly contact the side locators c)
making contact with the side locators while keeping contact with the
base locators d) making contact with the stop locators while keeping
contact with the base and side locators
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Fig. 5 The calculated stability area for work piece on the base locators
(the hatched area between L; & L,)
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Table 2 The reaction forces at the base locators in position near to
making contact with the side locators
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Fig. 4 The different potential resting condition of workpiece on the

base locators (by changing the g vector at the global XYZ coordinate
system)
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Table 4 The reaction forces at the five locators for the second stage of
loading (Fig. 3c)
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Table 5 The reaction forces at the six locators for the third stage of
loading (Fig. 3d)
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(4)

Fig. 6 The second locating plan with base locators near together for
studying the effect of base locators distances on the workpiece stability
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Table 3 The pose of the locators in the second locating plan besides the
normal and the first and second tangential vectors
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